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Abstract 
National and local road planning in Thailand is based on a framework that has remained largely 

unchanged for decades, and originates from a time period when the focus was on designing for 

a general growth in private car traffic and freight traffic. Since then, there has been a growing 

focus on multi-modality, on sustainability and on recognising the role of roads in a wider urban 

and rural place-making and environmental context. 

The thesis critically assesses the continued relevance of the current national road classification 

system and reviews a wide range of alternative classifications that have been proposed or 

adopted in different countries. It concludes that an alternative road classification system, Link & 

Place, has the potential to provide the basis of a new planning framework in Thailand and sets 

out to explore the implications of adopting this approach, in road ownership, funding and scheme 

prioritisation, both conceptually and at a practical level. 

Part A reviews international approaches to road classification and to road planning, and then 

examines both current national and sub-national planning frameworks in Thailand, based on 

literature/document reviews and interviews with key professionals in different government 

agencies and at various spatial levels. It concludes with an assessment of the strengths and 

limitations of the current planning procedures, and identifies key research gaps that are 

addressed in the remainder of the thesis. 

Part B considers how Link & Place could address the problems identified in part A and examines 

implications for road ownership and funding arrangements, and for performance measurement, 

problem identification and scheme prioritisation. The approach is tested empirically in a case 

study area, and further professional interviews are conducted to obtain local and national views 

on the applicability of this proposed approach. The final chapter critically assess what has been 

achieved and makes research and policy recommendations. 

The findings show that the road classification method based on Link & Place could be applied in 

a national context. Link & Place also offers a coordinated approach that brings administrative 

arrangements, funding, and performance measurement together, which could help build 

institutional capacity in sustainable road planning that is generally much needed in the global 

south.



 

Impact statement 
This thesis examines ways in which national road classification systems influence the 

administration of road networks and investigates how the adoption of a new road classification 

system, originally developed in the UK, might be applicable to the changing policy priorities in a 

global south context, using Thailand as a case study. The impact of this research has both 

academic and practical value.  

In an academic context, the thesis has comprehensively collected evidence on existing road 

classification systems worldwide, and examined how these alternative typologies affect road 

administration and performance measurement for road network planning; the key findings were 

presented at an international conference1. The thesis then critically investigates the potential use 

of Link & Place, a new approach to road classification, to assess whether it can be used to support 

the transformation of road planning in Thailand towards a more sustainable direction. Link & 

Place has been previously used for city-wide urban planning in developed countries, and this is 

the first comprehensive application in a global south context, adding to academic knowledge on 

transferability and applicability in a different global setting. 

Part B of the thesis is practice-oriented, exploring to what extent the concepts and principles 

underlying Link & Place can be transformed into a practical planning tool in the national and local 

administrative context in Thailand. This shows that there is a wide array of practical uses that a 

Link & Place road classification could support. For a start, a comprehensive national road 

classification system allows all levels of road authorities to plan the roads that fit their capacity in 

terms of funding and skills. It also provides a basis for determining which roads should fall under 

each administrative level and funding regime, and a more comprehensive and rigorous basis for 

prioritising potential road schemes for funding. Furthermore, using Link & Place enables 

authorities to address explicitly the needs of a wider range of users than just vehicle drivers, in 

keeping with a new policy focus on sustainability and liveability. It enables planners to identify 

road performance impacts that are not usually counted within the standard impact assessment, 

leading to a fairer allocation of funding to address all road users’ needs.  

 
1 Paraphantakul, C. (2014). Review of Worldwide Road Classification Systems. In 9th National Transportation 

Conference. Bangkok, Thailand. 

Paraphantakul, C. (2015). Road Investment in Developing Countries: Thailand Case Study. In 10th National Transport 

Conference. Chiang Mai, Thailand. 
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Link & Place provides a foundation for wider applications in road planning that could be further 

developed. For example, under Link & Place the detailed articulation of performance 

requirements for different types of road allows planners to develop context-sensitive road 

designs that fit the needs of different users. This will allow the decisionmakers to more flexibly 

appraise the monetary benefits of road schemes that fall into different cells in the Link & Place 

matrix. The more comprehensive analysis of user benefits across all modes, and including the 

non-travellers using the street as a ‘place’ may invite funders who may not only be the 

government but the private sector to sensibly invest in the roads. 
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Introduction 

 

1.1 Motivations 

1.1.1 Changing road planning paradigm 

Over the past decades, transport policymakers around the world have focused on finding a 

solution to increasing demand for travel by continuously expanding the road networks to provide 

higher-capacity vehicle movement. This practice has resulted in many large built-up areas around 

the world becoming congested, polluted, and unsafe as well as emitting high levels of CO2, making 

them unsuitable for future sustainable growth (Banister, 2008).  

With a more recent understanding of the issue, the current transportation provision paradigm 

has moved towards facilitating people rather than vehicle movement by encouraging a mode shift 

to public transportation, walking, and cycling, in addition to promoting liveability and high-quality 

street environments (P. Jones, 2009). A more holistic approach to the provision of sustainable 

mobility and liveability that is fit for purpose and inclusive for all users has started to become the 

basis for road planning and management (Quarmby & Carey, 2016b). This shift in paradigm has 

seen transport behaviour in larger urban areas changing from dependence on motorised vehicles 

to more sustainable modes such as non-motorised transport and public transport, which widen 

the possibilities and benefits for road users beyond motorised vehicles. In a broader context, the 

roads that serve users nationally also affect the users and the environment in the areas they 

traverse, including tourism and conservation areas. This means that different types and levels of 

service are expected from the provision of the roads in a different context. 

1.1.2 Effects from changing policy paradigm 

There are both direct and indirect impacts from the shift in policy to the road authorities. The 

direct impact is the change in the way performance is measured. The shift in focus from vehicle-

based development to context-sensitive development has widened the requirement for the 

performance measurement.  

In 2015, global intergovernmental organisations such as the UN responded to the need for a 

sustainable future by promoting 17 Sustainable Development Goals (SDGs), which are intended 
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to be achieved by 2030. This has generated attention from leaders around the world to work 

towards a sustainable mobility future.  

According to the SDGs, there are five targets directly related to the transport sector, which are 

road safety (Target 3.6); energy efficiency (Target 7.3); sustainable infrastructure (Target 9.1), 

urban access (Target 11.2), and fossil fuel subsidies (Target 12.c). The performance requirements 

for these targets extend the perspective of road provision towards roadside activity such as 

enhancing movement, safety and environment for pedestrians. This means that roads which have 

higher foot traffic will be given higher attention.  

The indirect effect comes from the shift in scheme priority after implementing the new form of 

performance measurement. Such impact may change the way the government sets the budget 

for road funding towards certain types of roads.  

Roads that are given higher attention will require a larger budget. Currently, the roads around 

the world mostly belong to either a national government or local government. Roads owned by 

the national government are usually funded by the national budget, meaning they have a much 

larger budget compared with the roads owned by the local government, which are usually funded 

by locally sourced revenue. The shifting attention for roadside users may disrupt this model of 

ownership arrangement and prompt another form of arrangement that enables higher funding 

efficiency. 

1.1.3 Changing policy attention in Thailand and the effects of road planning and management 

In Thailand, roads comprise the dominant transportation mode. According to government data 

in 2014, more than 87% of traffic is transported by road. However, such high road use exacts high 

costs from the users in the form of poor safety records, persistent congestion and air pollution. 

To alleviate the problems, the government is currently planning to shift its attention towards the 

provision of transport infrastructure for people-based movement by promoting the use of public 

transport and railway. However, there has been no mention of how road management and 

planning should be transformed in light of such policy changes.  

Setting a new approach for road planning and management will enhance the efficiency of 

transportation in Thailand. It will provide a much-needed direction for investment in the core 

transportation network.  



Chapter 1: Introduction 

26 

1.1.4 Opportunity of using road classification framework in road planning 

A transport and road planning framework comprises multiple sequential stages, from identifying 

the goals, performance measurement, problem identification towards appraisal and design of the 

appropriate options for the priority goals to be addressed.  

Road classification is an essential part in road planning as it underpins the arrangements for 

ownership, funding, planning, design and operation of different parts of a road network (COTO, 

2012; Eppell, Bunker, & McClurg, 2001). Current developments in road classification make it 

apparent that a new approach such as Link & Place could be applied to a wider set of functions 

for the roads as well as roadside users (P. Jones, Boujenko, & Marshall, 2007).  

While there is potential for Link & Place to contribute to delivering a more sustainable goal for 

transport planning and provides a recognition of the wider context in which roads operate, such 

applications have only been developed in urban settings in developed countries. There is 

considerable scope to explore the possibilities of applying Link & Place at the national level, within 

countries in the global south with limited institutional capacity.  

1.2 Aims and objectives 

1.2.1 Overarching aim 

Since the paradigm of transportation around the world has been changing, it gives rise to this 

study’s reasoning that it could affect the current methods for performance measurement, 

prioritisation for funding and administrative arrangement. Essentially, it will bring change to the 

way roads are planned and managed. As such, this thesis aims to identify a tool that could 

translate the widened transport policy for practical implementation in the global south contexts.  

This thesis aims to explore the possibility and feasibility of establishing a new approach for road 

planning by assessing and developing a new form of Link & Place classification nationwide as a 

mean to connect the road function to the administration and performance measurement for 

problem identification with Thailand as a case study. 

The application of Link & Place to the context of Thailand constitutes a contribution to knowledge 

for the following reasons. First, previous applications have been limited to use within the urban 

context in developed countries. A Link & Place classification has never previously been used to 

perform a nationwide road network reclassification. In addition, there has been no application of 

this framework to determine road ownership or funding arrangements. Moreover, the 

application of Link & Place to assist with problem identification and prioritisation has not been 

carried out in the context of countries in the global south. The approach in this thesis, to use the 
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Link & Place classification to unify both administrative arrangements and functional 

arrangements in planning, is an original concept that has never been applied before. Therefore, 

the proposed redesign, adaptation and extension of the Link & Place classification for various 

applications in road investment planning constitutes an original area of work. 

The thesis is set out in two parts. Part A aims to inquire about current practices in road 

classification on problem identification and administration worldwide and in the case study areas 

in Thailand. Part B aims to test the proposed method for a different road classification that could 

set the trajectory of road planning towards a new pathway. 

1.2.2 Objectives for Part A and Part B 

Part A is designed to gain an understanding of the existing arrangement. This research reviews 

international approaches to road classification as well as road planning and prioritisation then 

examine both current national and sub-national planning frameworks in Thailand. Four objectives 

are laid out to address the current problem in Part A as follows. 

Objective A1: to comprehensively review the road classification methods and applications 

Objective A2: to explore the implications of existing classification systems on planning and 

administration 

Objective A3: to examine the road and transport planning framework, especially the process of 

problem identification and prioritisation for attention 

Objective A4: to diagnose the problems in road administration and road planning from current 

practice in Thailand at the national and sub-national levels 

To test the feasibility of such an approach, Part B of this study is designed to investigate the 

following four additional objectives: 

Objective B1: to see whether a new form of road classification is technically feasible to be 

applied nationally in Thailand  

Objective B2: to see how the new form of road classification could be applied to improve the 

road administration in Thailand 

Objective B3: to examine how the proposed road classification influences performance 

measurement and prioritisation of the problem in Thailand 

Objective B4: to obtain professional feedback concerning the applications of a new road 

classification system 
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1.3 Methodological framework 

This section outlines the overall approach of the thesis towards the aim and objectives set out in 

1.2.2. 

1.3.1 Part A current condition and challenges 

The method of study in Part A involves a literature review and interviews with relevant 

stakeholders. The following topics will be investigated: 

• Chapters 2 and 3 are the foundation of the study in terms of the literature relating to the 

road classification, administration and planning for problem identification and 

prioritisation.  

• Chapters 4 and 5 further scrutinise, along with the stakeholders, the details of the current 

problems in road administration and planning in Thailand. Then, at the end of Chapter 5, 

the findings from Part A chapters are drawn together and this sets the scene for Part B. 

1.3.2 Part B development and testing of a new framework 

The framework for Part B will be developed and tested using the data from Thailand with the 

validation of the outcome using feedback from stakeholders in Chapter 6-11 as follows.  

• Chapter 6 develops and applies the new road classification system in Thailand.  

• Chapter 7 proposes a rational basis for relating the new road classification system to road 

administration.  

• Chapter 8 explores the implications of problem identification and prioritisation.  

• Chapter 9 tests the proposed problem identification method and prioritisation in a real 

case study area in Thailand.  

• Chapter 10 shows the feedback of the proposed framework from the related 

stakeholders.  

• Chapter 11 discusses the outcomes of the findings before assessing them according to 

the objectives set out for investigation and recommends possibilities for further 

development. 

1.3.3 Overall structure of the thesis 

The flow structure in Figure 1-1 shows the linkages of the thesis chapters according to the 

specified framework. 
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Source: Author 

Figure 1-1: Overall structure of the thesis
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  Worldwide road classifications and their applications 

Worldwide road classifications and their applications 

 

2.1. Introduction 

The aim of this research is to enhance the management of road networks by promoting a more 

sustainable road investment system. In order to purposely achieve the diverse requirements of 

road functions, it is crucial to understand how roads are classified and understand how to plan 

the roads accordingly.  

Road classification represents an agreement on the perception of roads’ functions between road 

users and road authorities. For instance, the function of local roads is different than that of inter-

urban roads. Thus, different policies must be applied to manage each type of road. Hence, good 

road classification must consider the appropriate role of the road in the network. This helps road 

users to experience the expected driving standard, thus indicating the adequate responsibilities 

of the associated authorities. Subsequently, it will affect the amount of funding needed for each 

type of road, specify the factors and methods used to justify the investment, and set up 

appropriate design standards. 

The hierarchy of the road is a common framework for road classification. An efficient road 

hierarchy helps in the provision of safe and efficient traffic operation, planning for mode-specific 

transport, and facilitating urban development (Eppell et al., 2001). It also helps in integrating land 

use and transport at a coherent level (COTO, 2012). Accommodating traffic levels appropriate to 

the road class also contributes to the reduction of disturbances, thus improving the quality of 

living in residential areas (COTO, 2012).  

2.1.1. Worldwide road classification  

This section reproduces and updates the critical analysis of worldwide road classification originally 

produced by the author (Paraphantakul, 2014). Its findings were used to further discuss potential 

implementations in road planning and management.  

Roads could be classified into many categories based on the purpose of the classification. 

According to the ARTISTS project, the purpose of which was to identify the sustainable functions 

of urban streets in Europe, had observed 14 categories of classification themes frequently used 

(Marshall, 2002). These identifiers are access control, administration, built frontage, circulation 
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vs. access, destination status, environment, network role, other urban users, road width, strategic 

role, traffic speed, traffic volume, transport mode, and trip length.  

Another study in South Africa by COTO (2012) revealed that roads can be classified according to 

mobility and access functions, administrative responsibility, route number, traffic signs, geometry 

design, naming hierarchy, public transport routes, super routes, pavement management systems, 

and primary, secondary and tertiary levels (COTO, 2012).  

While there have been studies of road classifications in many parts of the world, none have 

endeavoured to compare the classification themes on a worldwide scale. Thus, the current 

research set out to identify the patterns of road classification in the worldwide context. Various 

sources of information such as books, reports, and web pages were gathered and compared. The 

official road classification and road classification for mapping worldwide was then gathered and 

tabulated for comparison in detail, as seen in Appendix A. Table 2-1 summarises the road 

classification undertaken by countries, grouped by continents. Note that the comparable 

information for road classifications in South America countries has not been included due to lack 

of information available in the English language. 

Table 2-1: Worldwide road classification systems 

Country (Sub-region) Classification Category 

African Road Classification  
Ethiopia 
(Ethiopia Roads Authority, 
2011) 

- Trunk roads 
- Link roads 
- Main access 
- Collectors 
- Feeder roads 

Kenya 
(Kenya Road Board, 2014) 

- A International Trunk Roads 
- B National Trunk Roads 
- C Primary Roads 
- D Secondary Roads 
- E Minor Roads 
- SPR-G Government Roads 
- SPR-L Settlement Roads 
- SPR-R Rural Access Roads 
- SPR-S Sugar Roads 
- SPR-T Tea Roads 
- SPR-W Wheat Roads 
- U Unclassified 
 

Nigeria 
(Ighodaro, 2009) 

- Federal trunk A roads 
- Federal trunk F roads 
- Trunk B roads 
- Trunk C roads 

  
South Africa 
(COTO, 2012) 

Urban-Mobility 
- U1 Urban principal arterial 
- U2 Urban major arterial  
- U3 Urban minor arterial 
Urban-Accessibility 
- U4 Urban collector 
- U5 Urban local street 
- U6 Urban Walkway 
Rural-Mobility  

Country (Sub-region) Classification Category 

- R1 Rural principal arterial 
- R2 Rural major arterial 
- R3 Rural minor arterial 
Rural-Accessibility 
- R4 Rural collector road 
- R5 Rural local road 
- R6 Rural walkway 
 

Asian Road Classification  
Cambodia 
(Horng, 2013) 

- National Roads (I-digit) 
- National Roads (2-digits) 
- Provincial Roads 
- Tertiary Roads 
- Sub-tertiary Roads (Type1) 
- Sub-tertiary Roads (Type2) 
- Sub-tertiary Roads (Type3) 
 

Indonesia 
(“A History of Indonesian 
Road Management 
Systems,” 2003) 

- National Road 
- Provincial Road 
- Kabupaten 
- Kotamadya 
 

Japan 
(Road Bureau, 2012) 

- National Expressways 
- National highways 
- Prefectural roads 
- Municipal roads 
 

Malaysia (Federal) 
(Public Works Department 
Malaysia, n.d.) 

- Toll Expressways 
- National Highways 
- Regional Road Schemes 
- Minor Roads  
 (access to Gov't Buildings) 
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Country (Sub-region) Classification Category 

Asian Road Classification (cont’d) 
 
Malaysia (Other states) 
(Public Works Department 
Malaysia, n.d.) 

- Roads within Federal Territories 
- Primary Roads 
- Secondary Roads 
- Minor Roads 
- Urban Collector Roads 
- Local Streets 
 

Myanmar 
(Public Works Department 
Myanmar, 2013) 

- National Highways 
- Township Network Roads 
- Major City Roads 
- Village and Boundary Area 
Roads 
 

Thailand 
(Highway Act (2nd issue), 
2006) 

- Special National Roads 
- National Roads 
- Rural Roads 
- Local Roads  
- Concession Roads 
 

Vietnam 
(Tung, 2013) 

- National Highway 
- Expressway 
- Provincial Roads 
- District Roads 
- Urban Roads 
- Commune Roads 
 

UAE (Abu Dhabi) 
(UPC, 2012) 

 

- Boulevard 
- Avenue 
- Street 
- Access Lane 
- Mushtarak 
 

Australian Road Classification  
 
Australia  
(Western Australia) 
(Main Roads Western 
Australia, 2011) 

- PD Primary Distributor 
- DA District Distributor A  
- DB District Distributor B  
- RD Regional Distributor  
- LD Local Distributor  
- A Access Road  
 

Australia (Victoria) 
(Parliament of Victoria, 
2014) 

- Freeway 
- Arterial road 
- Non-arterial state road 
- Municipal road 
 

Australia  
(New South Wales) 
(ICSM, 2006)  

- State Roads  
  (Freeways and Primary 
Arterials) 
- Regional Roads  
  (Secondary or Sub Arterials) 
- Local Roads  
  (Collector and Local Access 
roads) 
 

Australia (Queensland) 
(ICSM, 2006) 

- National Highways 
- State Strategic Roads 
- Regional Roads 
- District Roads 
- Local Government Roads 
 

Australia (Other states) 
(ICSM, 2006) 

5 classes of rural roads  
- Class 1 (big cities)  
to Class 5 (small cities) 
4 classes of urban roads  
- Class 6 (high speed)  
to Class 9 (high access) 

 

Country (Sub-region) Classification Category 

New Zealand 

(ICSM, 2006) 
- National Routes 
- Primary (Regional) Arterials 
- Secondary (District) Arterials 
- Collector Routes 
 

European Road Classification  
Belgium  
(Marshall, 2002) 

- Motorway 
- Metropolitan Road 
- Trunk Road 
- Inter-District Road 
- Through Street 
- Local Street 
 

Denmark (Copenhagen) 
(Marshall, 2002) 

- Motorway 
- Regional Roads 
- Primary Roads 
- Distributor Streets 
- Local Streets 
 

Denmark (Other Cities) 
(Marshall, 2002) 

Traffic Roads 
- TR-High Speed 
- TR-Medium Speed 
- TR-Low Speed  
Local Roads 
- LR-Medium Speed 
- LR-Low Speed 
- LR-Very Low Speed 
 

Germany 

(Marshall, 2002) 
- B III+IV Non-Frontage  
Arterial Streets 
- C III Arterial Streets 
- C IV Main Collector Streets 
- D IV Collector Streets 
- D V Access Street 
- E V Access Street 
- E VI Access Way 
 

Greece 
(Marshall, 2002) 

- Freeway 
- Arterial Street 
- Collector Street 
- Local Street 
 

Hungary 

(Marshall, 2002) 
- Motorway 
- Semi-Motorway 
- I. Class Main Road 
- II. Class Main Road 
- Collector Road 
- Service Road 
- Bicycle Road 
- Footpath 
 

Portugal 

(Marshall, 2002) 
- Collector Roads 
- Main Distributor Roads 
- Local Distributor Roads 
- Access Roads 
- Pedestrian Streets 
 

Spain 

(Marshall, 2002) 
- Motorways 
- Arterial Street 
- Distributor 
- Local Street 
 

Sweden 

(Marshall, 2002) 
- Thoroughfare/Radial Road 
- Main Street (Arterial Street) 
- Collector Street 
- Local Street 
- Woonerf 
- Pedestrian Street 
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Country (Sub-region) Classification Category 

European Road Classification (cont’d) 
 
UK (Residential Roads) 
(Marshall, 2002) 

- Major Access Roads 
- Minor Access Roads 
- Shared Surface Roads 
- Shared Driveways 
- Driveways 
 

UK (Camden, London) 
(Marshall, 2002) 

- Strategic Roads 
- London Distributor Roads 
- Borough Distributors 
- Access Roads 
 

UK (Other Counties  
in London) 
(Marshall, 2002) 

- National Roads (Motorways) 
- Transport for London  
  Road Network (TLRN) 
- Borough Roads 
 

UK 

(ICSM, 2006) 
- Trunk Rural 
- A Road (Principal Rural) 
- B Roads - Rural 
- C Roads - Rural 
- Trunk Urban 
- A Road (Principal Urban) 
- B Roads – Urban 
- C Roads – Urban 
 

North American Road Classification 
Canada 

(ICSM, 2006) 
Rural  
- Rural Freeways 
- Rural Arterial 
- Rural Collector 
- Rural Local 
Urban 
- Major Arterials 
- Minor Arterials 
- Urban Collectors Residential 
- Urban Collectors Industrial 
  or Commercial 
- Urban Local Residential 

Country (Sub-region) Classification Category 

- Urban Local Industrial 
  or Commercial 
 

USA (Federal level)  
(FHWA, 2013) 

- Principal Arterial 
    i. Interstate 
    ii. Other Freeways &  
      Expressways (OF&E)  
    iii. Other Principal Arterial 
(OPA) 
- Minor Arterial 
- Collector 
    i. Major Collector 
    ii. Minor Collector 
- Local 
 

USA (Idaho) 
(Idaho DOT, 2009) 

- Freeway 
- Boulevard 
- Avenue 
- Street 
 

USA (Oregon) 
(Oregon DOT, 2003) 

Rural 
- Principal arterial 
- Minor Arterial 
- Collector 
- Local 
Urban 
- Principal arterial 
- Minor Arterial 
- Collector 
- Local 
 

USA (Wisconsin) 
(WLRB, 2016) 

- State trunk 
- County trunk 
- Town road 
- City street 
- Village street 
- Park and forest road 
 

 

From the road classification profiles in Table 2-1, no common classifications among those 

countries were found. The number of road classes varies from 4 classes in Greece to 12 classes in 

South Africa. While many countries classify their roads in a linear manner, some countries employ 

hierarchical, multiple levels of classification, including Denmark (traffic and local roads), Australia 

(state, regional, and local roads), Canada (rural and urban), and South Africa (a mixture of rural 

and urban vs. mobility and accessibility). Furthermore, the names for road classes also have many 

meanings. For example, a local street implies one with small width, a low-speed limit, and priority 

to housing access, while a motorway implies large width, high-speed limit, and priority for vehicle 

movement. A strategic road implies a linkage to important places, more strategic vehicle types, 

and could be important for other reasons. Urban roads imply that their locations are in a city 

environment, while rural roads imply that their locations are in a non-city environment. Local 

government roads imply the ownership of said roads; and others. 
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2.1.1.1 Developing the road classification themes 

Despite the variety of names and structures, these road classifications generally exhibit certain 

similarities which can be grouped together. Following the key themes designated in the studies by 

Marshall (2002) and COTO (2012), eight classification themes were established from the dataset, as 

described in Table 2-2.    

Table 2-2: Description of eight road classification themes observed worldwide 

Theme Description 

Access Control This theme considers whether the categorisation of the road is based on any form of access control 

mechanism such as road access, vehicle access, building frontage access, tolled, and non-tolled. 

Road Surface This theme is defined by the consideration of the differences in the physical allocation of the road 

surface (i.e., width, pavement thickness, pavement type, road marking, number of lanes) and 

roadside (i.e., parking permitted, signposts, footpath width). 

Usage This theme classifies roads by their designation of observed usage performance indicators of the 

vehicles on the road such as traffic speed and traffic volume. 

Transport Mode This theme distinguishes roads by the types of users served (i.e., pedestrian, cars, heavy vehicles, 

etc.), the priority of road users, or the road infrastructure that provides for them. 

Administration This theme differentiates the bodies that are responsible for road management. 

Link Role This theme identifies roads based on their roles (such as primary road, secondary road, international 

road, national road, regional road, and various strategic roads), the importance of connected 

settlements, trip length, and their relative purposes in the network (e.g. feeder road, access road). 

Place Status This theme distinguishes roads based on the types of environments they pass through; in other 

words, it indicates the type of places in which the roads are located (i.e., urban road, rural road, 

shopping street, commercial road, residential road). 

Function This theme classifies roads based on their derived functional performance indicators, which mainly 

involve circulation or mobility, accessibility, and connectivity. 

Source: tabulated from Paraphantakul (2014) 

2.1.1.2 Understanding the worldwide road classification themes 

To interpret each country’s purpose for road classification, the information involving the road 

classification were analysed with the eight themes developed. Although dependency on the 

quality of data obtained may result in some level of bias towards the more detailed information 

given, the analysis only addresses the use of the classification themes by marking it in terms of 

whether it is being provided or not. It does not address the extent of data being provided by giving 

any mean of scoring. Hence, this analysis can be used for exploratory purposes, but should not for 

qualitative understanding of road classification in the worldwide context. 

The UAE road classification themes are used as an example for the steps of analysis. The road 

classification was obtained from the Abu Dhabi design manual. Since the manual provides more 

detailed information on the context of use, it gives more qualitative impressions of the road 

classification linkage to the themes, as shown in Box 2-1. The detailed thematic analysis for the 

whole dataset is provided in Appendix A. 
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Box 2-1: an example of the consideration of the road classification theme in Abu Dhabi, UAE 

Consideration of the road classification themes in Abu Dhabi was based on the Urban Street Design Manual 

produced by UPC (2012). The definitions of the road names were used in conjunction with the information 

provided in the manual to assess the themes used by the Abu Dhabi road authority. 

The first step of assessment was based on the definitions and context of use. As the road classifications are 

produced by Abu Dhabi road authority, it is obvious that the classified hierarchy of roads is under their 

responsibility. This implies that the administration theme is at the heart of the classification purpose. Then, 

the analysis was made based on the definitions of the road categories. Abu Dhabi’s roads are classified as 

boulevard, avenue, street, access lane, and Mushtarak. By definition of the street name, an access lane is for 

vehicle access to a building, which indicates that the access control theme is being used. An access lane also 

suggests that the road is being classified using the link role theme. 

The second step was to further analyse the detailed information provided by the design manual. First, road 

categorisation has a linkage with the functional classification (i.e. principal arterial, minor arterial, collector, 

local), as seen in Figure 2-1. The functional identifiers indicate that Abu Dhabi’s roads are classified by their 

functions.  

 

Figure 2-1: Linkage of road classification with functions (Source: UPC (2012)) 

Figure 2-2 shows that the number of lanes was specified for each type of the road, thus indicating 

classification by the road surface theme. Furthermore, the design standard in Figure 2-2 specifies the type of 

street based on the context of land use, which indicates the focus on the place status aspect. Each type of 

land use further specifies the expected design capacity. This indicates the consideration of the usage theme 

in Abu Dhabi road classification. 

 

Figure 2-2: Linkage with form and place status (Source: UPC (2012)) 

To sum up, analysis of the road category definitions and the detail information provided by the Abu Dhabi 

design manual has indicated the use of seven themes for road classification, namely: access control, road 

surface, usage, administration, link role, place status, and function. This is the highest number of themes 

obtained from the analysis of worldwide road classification.  
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After investigating all countries’ views on road classification based on the eight themes 

developed, the results were arranged in Table 2-3. The themes being used in each country are 

marked by number 1. The table also summarises the total number of themes used by each 

country on the right side. The frequency of usage of a theme by 30 samples is indicated at the 

bottom of the table with the percentage of use. 

Table 2-3: Analysis of road classification themes by country 

Continent Country (State/City) 1.
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Africa 1. Ethiopia      1  1 2 

 2. Kenya    1  1  1 3 

 3. Nigeria  1   1 1   3 

 4. South Africa 1 1  1  1 1 1 6 

Asia 5. Cambodia     1 1 1  3 

 6. Indonesia     1 1   2 

 7. Japan 1    1 1   3 

 8. Malaysia (Federal) 1    
 

1 
  

2 

 9. Malaysia (Other states)     1 1 1 1 4 

 10. Myanmar     1 1 1  3 

 11. Thailand     1 1  1 3 

 12. Vietnam 1    1 1   3 

 13. UAE 1 1 1  1 1 1 1 7 

Australia 14. Australia (WA) 1  1  1 1  1 5 

 15. Australia (ACT)   1   1  1 3 

 16. Australia (VIC)      1  1 2 

 17. Australia (NSW) 1    1 1  1 4 

 18. Australia (QLD)     1 1  1 3 

 19. Australia (the rest)   1   1 1 1 4 

 20. New Zealand 1  1   1  1 4 

Europe 21. Belgium (Brussels) 
 

 
 

 1 1  
 

2 

 22. Belgium (the rest) 1  1   1  1 4 

 23. Denmark (Copenhagen) 
 

 1 1 1 1 1 1 6 

 24. Denmark (the rest)   1   1   2 

 25. Germany 1     1  1 3 

 26. Greece 1  1   1  1 4 

 27. Hungary   1 1  1 1 1 5 

 28. Portugal 1  1 1  1  1 5 

 29. Spain 1  1   1  1 4 

 30. Sweden 1  1 1  1  1 5 

 31. UK (Nationwide) 1  1 
 

1 1 1 1 6 

 32. UK (Camden, London) 1  1 1 1 1  1 6 

 33. UK (Other, London)     1 1   2 

 34. UK (Residential) 1     1 1  3 

North America 35. Canada 1  1   1 1 1 5 

 36. USA (Federal) 1  1   1 1 1 5 

 37. USA (Idaho)  1 1 1 1 1 1 1 7 

 38. USA (Oregon)  1 1  1 1 1 1 6 

 39. USA (Wisconsin)  1   1 1   3 

 Total 19 6 19 8 20 39 14 27  

 Percentage 49% 15% 49% 21% 51% 100% 36% 69%  

Source: Paraphantakul (2014) 
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2.1.1.3 Country development and road classification themes used 

Country development might have some relationship with the road classification themes used. In 

order to identify this correlation, it is necessary to find the relationship between the use of road 

classification with social and economic developments. Social development is related to human 

development. Thus, the Human Development Index (HDI) published by UNDP (2015) was used as 

the indicator. The closer the HDI is to 1, the higher the human development level. Economic 

development is another factor that might have some correlation with the usage of road 

classification themes. Hence, the gross domestic product (GDP) based on purchasing-power-

parity (PPP) per capita from IMF (2015) was used as the indicator. Then the dot plot graphs were 

developed by using the HDI and GDP per capita (PPP) as the quantifier of the road classification 

themes for each country in the database, as illustrated in Figure 2-3 and Figure 2-4, respectively.  

Having observed the data characteristics in Figure 2-3 and Figure 2-4, the countries were 

arranged into three groups based on the selected economic and social development criteria. The 

countries that have HDI below 0.60 and GDP per capita (PPP) below US$ 15,000 are called ‘low 

development countries’. Aside from those within the first group, the countries with HDI below 

0.80 and GDP per capita (PPP) below US$ 30,000 are called ‘medium development countries’. The 

remaining countries that are not within those two groups are called ‘high development countries’.  

Based on the set criteria, there are 5 countries characterised as low development countries, 

consisting of Ethiopia, Myanmar, Cambodia, Nigeria, and Kenya. The medium development 

countries have 5 countries in the group, which are South Africa, Vietnam, Indonesia, Thailand, 

and Malaysia. The remaining 15 countries are high development countries, which consist of 

Australia, Belgium, Canada, Denmark, Germany, Greece, Hungary, Japan, New Zealand, Portugal, 

Spain, Sweden, UAE, the UK, and the USA. 

The number of road classification themes has a direct correlation with the level of development. 

From observation, the countries in the low development group apply 2-3 road classification 

themes. The medium development countries have road classification in the range of 2-5 themes. 

The countries that are considered to be high development have a number of road classifications 

in the range of 3-7 themes. This may indicate that the implications of the road classification 

themes may have some correlation with the developmental stage of the countries.  

To further enhance understanding, the underlying themes of road classification were investigated 

in each group of countries. Other than the link role used by all countries, administration is the 

theme that is widely used in the low development countries, with 3 out of 5 countries applying 

it. Four out of five medium development countries also considered the administration theme in 
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their road categorisations. This is followed by the use of the function theme, which was applied 

in 3 countries in this group.  However, the function theme is applied in 14 out of 15 countries with 

significant development, followed by the access control and usage themes, which are both 

applied in 13 countries. 

The revelation of the number and types of themes applied by the countries with different 

development may suggest that the development of a country may be associated with the 

complexity of its road classification. The low development countries may use a simple set of road 

classifications to indicate the administrative arrangements for ease of management. As the 

country develops further, consideration of the road may not only concern administration, but 

also the function and usage of the road. 
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Source: Paraphantakul (2014) 

Figure 2-3: Arranging the road classification themes by HDI (HDI source: UNDP (2015) 
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Source: Paraphantakul (2014) 

Figure 2-4: Arranging the road classification themes by GDP per capita (PPP) GDP Source: IMF (2015) 
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2.1.1.4 The correlation of themes with the countries/continents 

As shown in Table 2-3, the countries that have the greatest number of road classification themes 

applied are the UAE (Abu Dhabi) and the USA (Idaho), with 7 out of 8 themes being applied. The 

countries with the least number of themes used are Ethiopia and Indonesia, which applied only 

2 out of the possible 8 themes. The average number of themes applied is rounded up to 4, which 

is equal to those used by Malaysia, Australia (New South Wales and the rest), New Zealand, 

Denmark, Greece, and Spain. In Thailand, the focus case in this study, three themes of road 

classification were observed. This number is lower than the average number of themes used in 

the samples.   

The question appears it terms of why themes that are used less worldwide are used more 

frequently in certain regions. This study then investigates the data by grouping the classification 

themes according to continent. The number of applied themes was calculated into a percentage 

of frequency by continents, regardless of the inequality in the number of samples in the 

continents (i.e. 4 African, 9 Asian, 7 Australian, 14 European, and 5 North American). Table 2-4 

shows the frequency of the classification themes used by continent. Each category of the theme 

is shown in percentage by the number of countries (or cities/states) applied.  Dotted bordered 

cells show the themes that are widely applied with the presence of at least 50% in all samples.  

Table 2-4 indicates that the presence of the themes is varied among the continents. While some 

themes are widely applied in some continents, they do not exist in other continents. In Africa, the 

link role is used in all countries in this dataset. Road surface, transport mode, and function are 

also popular across all four countries with an adoption rate over 50%. Out of these four countries 

in the Africa data, the usage theme was not being applied. In Asia, other than the link role, 

administration theme is widely applied by 89% of all samples. However, the transport mode 

theme cannot be spotted in the Asian samples. In Australia, the link role and function themes are 

two popular themes used by all states and countries in the dataset. Similar to Asia, transport 

mode is not present in the Australian road classifications, while the road surface theme seemingly 

has no use in Australia or Europe. The European samples, which consist of 15 samples from 9 

countries, regularly use the access control, usage, link role and function themes. While all themes 

appear in North America, six of them are widely used including road surface, usage, 

administration, link role, place status, and function.    
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Table 2-4: Percentage of classification themes used by continents 
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Africa 25% 50% 0% 50% 25% 100% 25% 75% 

Asia 44% 11% 11% 0% 89% 100% 44% 33% 

Australia 43% 0% 57% 0% 43% 100% 14% 100% 

Europe 64% 0% 71% 36% 36% 100% 29% 71% 

North America 40% 60% 80% 20% 60% 100% 80% 80% 

Source: Paraphantakul (2014) 

2.1.1.5 The connections of the road classification theme in the continental context  

Since it could not be ascertained why some themes appeared in certain continents but not in 

others, the study then tried to understand the purpose of the road classification themes. With 

the goal of defining the road classification effects on road management, the relationship structure 

was created, featuring the input and output of the management performance and the abstraction 

of physical and non-physical indicators. Hence, there are 4 types of road classifications: physical 

inputs, physical outputs, non-physical inputs, and non-physical outputs.  

By using and adapting the definitions based on the road structure and patterns from Marshall 

(2004), these four categories can be expressed by form, use, designation, and performance. 

Physical inputs are the ‘forms’ of the road where they are built to regulate the efficient traffic 

flow; meanwhile, physical outputs are the indicators that can be measured by counting or 

acquiring the statistics on road ‘use’. On the other hand, non-physical inputs are the roles and 

rules that are given to the roads and road users, which are the ‘designations. Non-physical 

outputs are the result of the road regulation and roles, which influence their ‘performance’.  

Connecting the established themes together with the rationale structure, four groups of 

classification themes: form, use, designation, and performance, were developed as shown in 

Figure 2-5. The themes that are categorised as ‘form’ are access control and road surface. The 

‘use’ category is expressed as classification by usage and transport mode. The non-physical 

‘designation’ is related to classification by the themes of administration, place status, and link 

role. Lastly, ‘performance’ is represented by the roads classified by the function theme. 
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Source: Paraphantakul (2014) 

Figure 2-5: Road classification relationships 

To visualise the distributions of the road classification themes by continents, a spider diagram 

that consists of the eight themes spread across the four sectors was created. The x-axis indicates 

the input/output types of themes, while the y-axis indicates the physical/non-physical themes. 

Hence, the resulting four quadrants of the chart indicate the form, use, performance, and 

designation. As the number of themes in each group is not equally distributed (i.e. 2 form themes, 

2 use themes, 3 designation themes, and 1 performance theme), the designation theme is skewed 

to the right, using the space of the performance theme. This, in effect, makes the non-physical 

axis skewed towards the output side.  

Applying this visualisation method using the percentage of the classification themes by continents 

data from Table 2-4, the results of the road classification themes for each continent are shown in 

Figure 2-6. Comparing the four purposes of the road classification in each continent, the focus of 

road classification is on the non-physical side.  
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Source: Paraphantakul (2014) 

Figure 2-6: Illustrations of the themes existent in each continent 

By recalculating the use of these eight themes based on the four groups of purpose in Table 2-5, 

the precise distinctions of these variations can be seen. The designation and performance are the 

top two categories that all continents use to define their road classifications. This may imply that 
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designation and performance—particularly, link role, administration, and function—are the road 

classification categories that most countries applied to aid in road investment.  

Table 2-5: Comparison of the purposes for road classification by continents 

Continent Form Use Designation Performance 

Africa 38% 25% 50% 75% 

Asia 28% 6% 78% 33% 

Australia 21% 29% 52% 100% 

Europe 32% 54% 55% 71% 

North America 50% 50% 80% 80% 
Source: Paraphantakul (2014) 

2.1.2. Summary of general types of road classification 

It has been observed that the countries that have a greater number of classifications tend to be 

more developed. As a country develops further, consideration of the roads may not only be about 

the administration, but also about the function and usage of the roads. Using the planning process 

as a basis for consideration, administration is the input of the process, while function and usage 

are the outputs.  

In practice, COTO (2012) mentioned that there are three types of road classification: geometric 

classification, administrative classification, and functional classification. Geometric classification 

is distinguished by form such as the number of lanes or type of pavement. The form of the road 

has a direct link with the design standards in which the design sets up the geometric requirement 

of the road. The administrative classification system is set up based on the designated roles of 

the road authority that are effective for road management. Functional classification considers the 

performance of the road by arranging the roads based on their expected network roles and usage.  

The next sections will investigate in detail how functional classification and administrative 

arrangement can be applied to road planning. 

2.2. Functional classification 

The functional performance of the road determines the purpose of the road provision for its 

users. This section investigates the development of the road function classifications and how they 

have evolved over the course of time. 

2.2.1. Movement-based functional classifications 

Road importance can be determined by its ability as a link for vehicular movement. This 

perspective has been used to determine the classes of roads since the early age of the motor 

vehicle era. Tripp (1938) suggested that roads provide two main purposes: as general traffic 

conduits and to serve the day-to-day activities of the local community. Based on this statement, 

three classes of roads were defined as arterial roads, sub-arterial roads and local roads:  
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‘Arterial roads’ are “roads from which all but motor traffic is included”; ‘sub-

arterial roads’ are “roads open to all types of vehicular traffic and upon which 

the interest of vehicular traffic is to be predominant”; ‘local or minor roads’ are 

“roads intended for local traffic only, as a means of access to premises ... on 

these roads, the needs of frontagers and pedestrians will be predominant”.  

AASHO (1964) studied the phases of vehicles movement and introduced the ‘mobility and land 

access’ principle. Based on the observation of the four phases of vehicle movement—free 

movement, transition, distribution, collection, and access to the destination—mobility and access 

are the two main characteristics of the road that facilitate automobile operations (AASHTO, 

2011). The mobility function focuses on the ability of the road to be a conduit for vehicular 

movement, while the access function is the treatment of the road as the point of entry and/or 

exit to nearby lands. Since a vehicle has to slow down in order to move in and out, the access 

function directly disturbs the mobility function (Goudappel & Perlot, 1965). This means that the 

road has to minimise land access points in order to provide maximum mobility performance or 

vice versa.  This compensation between the mobility and access functions is represented as a 

model in Figure 2-7 (AASHO, 1964).  

 

Figure 2-7: The relationship between mobility & access functional classification and the types of roads (AASHO, 
1964) 

As shown in Figure 2-7, three primary types of roads are commonly recognised based on the 

mobility and access classification. The first type, as indicated on the top part of the figure, is the 

arterial road, which provides high mobility with minimum access points. Arterial roads are 

designed with a wide surface and limited access. The second type, located in the bottom part, is 

the local road, which has a narrow width with some speed reduction mechanisms while giving 

access to the properties along the way. The collector, which situated in the middle part of the 

figure, provides for the transition of traffic from local to arterial roads and vice versa.  
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2.2.1.1 Worldwide adoption of movement-based functional classification 

The concept of mobility and access has been widely adopted in highway engineering practice 

around the world. Variations of the terminology such as ‘movement and access’ or ‘flow and 

access’ have been adapted with varying degrees of improvement (Brindle, 1996; COTO, 2012; 

SWOV, 2008) (see Figure 2-8).  

 

 

Figure 2-8: Modifications of the mobility & access road classification (top: the separate functions model made by Brindle 
(1996); bottom left: South African road classification (COTO, 2012); bottom right: Dutch Sustainable Safety functional 
classification (SWOV, 2008)) 

Minor improvements have been made to enhance the applicability of the road design, particularly 

for the identification of locations where movement and access functionality should be changed 

from one class to another. Figure 2-8 (top) shows that the boundary that separates access and 

movement functions consists of three straight lines rather than one curved line (Brindle, 1996). 

The South African classification system has also modified the Brindle method to further segregate 

the different classes of the road, as shown in Figure 2-8 (bottom left) (COTO, 2012). It also shows 

that there is a “jump” in functionality, indicated by the long vertical line between the adjacent 

classes. The length of the vertical lines indicates the shift in the role towards movement/access 

functions. This functionality jump concept is also employed in the Dutch road classification, as 

seen in Figure 2-8 (bottom right) (SWOV, 2008). As roadway travel can create a high risk for 
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accidents, the Dutch version incorporates the flow direction to indicate the degree of movement 

flexibility in the three road classes. The direction of travel is limited in mobility-oriented through 

roads, but directional freedom is increased in the distributor and access roads.   

Wilmink & Egeter (2002) extend the usage of movement-based functional classification to the 

entire transportation network based on supply (see Figure 2-9). In this method, the hierarchy of 

the transportation modes is established on the intended design speed of service (i.e. interstate, 

state, region, town, and neighbourhood speed levels) integrated with the individual and collective 

supply (i.e. road network and public transport network). It expresses that the higher hierarchy of 

the transportation supply should be considered before the lower levels in order to achieve 

cohesion in the network functions (Immers, 2002).   

 

Source: Wilmink & Egeter (2002) 

Figure 2-9: Functional hierarchy of the entire transportation network based on the speed of transportation supply 

2.2.1.2 Separation of rural and urban road functions 

The growing demand for personal cars has caused a sharp rise in the amount of vehicle 

ownership, especially in urban settlements. This has required planners to provide additional 

capacity to meet the growing demand in urban areas. Thus, the road functional classification has 

been separated between urban and rural environments. 

The Oregon DOT (2003) designated that places with more than 50,000 people should be 

considered urbanised areas, while places with a population of 5,000 - 49,999 are considered 

small-urban areas. The roads situated within urbanised or urban area boundaries are called urban 

roads. Otherwise, the roads are assumed to be rural roads. 

Based on the Oregon DOT designation, the urban roads can be varied from the principal arterial, 

minor arterial, collector and local streets. The principal arterials connect the traffic within the 

urban area and between the rural connections while the lower rank roads do not have the 
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between rural connection function. The classification also determines the spatial pattern of the 

road layout where the arterials need more spacing (i.e. 1 – 5 miles) while the lower class can be 

denser. Rural roads are said to serve an urban area if they penetrate a city or are located a certain 

length away from a city. To be considered as serving the urban area, rural roads need to be 

connected by minor arterial roads and located less than 10 miles or 20 off-peak minutes away 

from the centre of a city. Alternatively, they could be located within 2 miles of an urban boundary 

for rural minor arterial roads. 

2.2.1.3 Criticisms of the movement-based functional road classifications 

Two deficiencies of the conventional functional classification have been found from recent 

studies. For a start, the expected roles and real usage of the roads are not matched. Goodwin 

(2007) argued that, from observation of road statistics, most traffic in national motorways, which 

is expected to involve long-distance trips, is not long distance. This was confirmed by a recent 

study by Dong et al. (2013), which monitored the quantitative traffic assessment using real GPS 

data from taxi drivers in Beijing. The study revealed that arterial roads were being used more than 

local roads for short-distance trips. The second problem of the conventional mobility and access 

classification is that its priority treatment of the roads for vehicular movement exhibited less 

consideration over urban environments (Marshall, 2004). This has raised concern over the 

sustainability of the road design for urban livelihoods, as the road is also a space for people doing 

various roadside activities.  

2.2.2. Link & Place functional classification  

Although the separation of rural and urban road provision has been established in practice, the 

primary solution that such a method offers is the continuous expansion of the road network to 

provide more capacity for vehicle movement. Such practice has resulted in many large built-up 

areas around the world that became congested, polluted, and emit high levels of CO2, in addition 

to being unsafe and unsuitable for future sustainable growth (Banister, 2008). With more recent 

understanding of the issue, the present transportation provision paradigm has moved towards 

facilitating people rather than vehicle movement by encouraging a mode shift to public transport, 

walking and cycling, and promoting liveability and high-quality street environments (P. Jones, 2009).  

2.2.2.1 Link & Place (or Movement and Place) 

Having identified the need for streets designed for various roadside activities, the ARTISTS project 

funded by the European Union (Svensson, 2004) introduced the ‘Link & Place’ concept (a.k.a. 

‘Movement and Place’), which aims for a sustainable approach to road planning. Link and place 

proposes a solution to the deficiencies of the conventional movement-based approach, by 
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integrating a traffic circulation function with the ability to accommodate the activities and 

experiences of people who use the facilities alongside the street.  

In the context of adopting a more sustainable approach to transport planning and design, Link & 

Place introduced a new method of road classification (P. Jones & Boujenko, 2011; P. Jones et al., 

2007). By definition, the hierarchy of the road is not only based on the requirement for traffic 

(and person) movement, but also the importance of the place. By recognising the importance of 

both link and place functions as distinct characteristics of road networks, a two-dimensional 

matrix of road classification results (see Figure 2-10). 

 

Figure 2-10: 5x5 link and place matrix with example road sections (P. Jones et al., 2007) 

From the examples shown in Figure 2-10, Link status categories define the road's suitability to 

cater for the movement function required by mostly motorised vehicles and the Place categories 

indicate the importance of the road for the users alongside it. Thus, there can be various contexts 
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for road classes ranging from I-A (e.g. national roads that pass alongside areas of nationally 

recognised Place importance) and V-E (e.g., local roads in residential areas and parts of the 

countryside with only local significance). It is possible to have a combination of I-E as the main 

road passing through an area with a local significance of Place, such as an empty field. Place status 

is also relevant in the case of roads with no direct frontages, as the impact of noise, air pollution 

and severance could be felt by the nearby premises. 

There are variations in the link and place classification matrices in practice, as appeared in Figure 

2-11. For example, a ‘5 x 5’ matrix can be used to recognise the importance of link and place status 

from local to national levels (P. Jones et al., 2007). On the other hand, a more compact version of a 

‘3 x 3’ matrix has been used in a more urban setting depending on the scope of application (e.g. by 

Transport for London: TfL). More levels of link and place mean more details of the road types. A ‘5 

x 5’ matrix will have 25 types of road design while a ‘3 x 3’ matrix will have only 9 types. The labelling 

of the link and place cells can be represented in Roman numerals and uppercase letters as shown 

in the ‘5 x 5’ matrix, or by defining road types illustrated in the ‘3 x 3’ matrix. 

It should be noted that the directions of link and place importance arrows (i.e., x and y axes) can 

be arranged differently depending on the planners’ perception as appeared in these two 

published reports illustrated in Figure 2-11. In the case of Jones et al. (2007), the direction of 

arrows showing higher importance Link and Place appears on the top left corner which helps 

direct the attention towards I-A—similar to a spreadsheet matrix that shows cell 1-A at the top-

left. On the other hand, TfL version applied a conventional x and y axes, used in a line graph, 

implying the highest significance on the top-right corner.  

  

Figure 2-11: Variations of Link & Place matrices (left) 5x5 matrix (P. Jones et al., 2007); (right) 3x3 matrix (source: TfL) 
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The treatment of the movement and place importance has provided a new dimension of road 

hierarchy that has not been able to be addressed by the mobility and access approach. The level 

of link status can be varied from the local to the national level, as can the place status. This has 

raised many new classes of roads for which the mobility and access approach cannot be 

designated. For example, it is possible that the roads have both high link and place requirements. 

This means that roads can be designed for catering to a high volume of traffic while, at the same 

time, reserving the space for place activities, such as vehicle access to a parking lot, building 

entrance, or pedestrian activities, etc.  

In fact, this does not bypass mobility and access incompatibility, as a road with a high link and 

high place may not provide maximum speed for vehicular movement. However, recognising both 

requirements for the link and place means that road users, as well as roadside users, will get the 

best possible urban driving/living experience. This can be an opportunity to enhance the urban 

experience by introducing road demand management schemes (e.g. speed limits, one-way 

driving, or congestion charging).  

The Link & Place Guidebook (P. Jones et al., 2007) lays out four steps to developing the link and 

place road classification. The first step is to decide the number of status levels for link and place. 

For convenience, the strategic importance might be applied (i.e. local, neighbourhood, district, 

city, nation). After establishing the levels of link and place status, the characteristics of each link 

status level has to be determined. This can be identified from the significance of the roads 

classified in the general traffic network. An additional road-based modal network such as public 

transport or cycle route can be added to the importance of the link. The third step is to define 

the characteristics of each place status level. This can be obtained from the planning policy or 

through consultation with urban planners and geographers. Finally, the matrix of link and place 

is generated from the identified roles in the link and place status levels. 

2.2.2.2 An expanded functional classification system for highways and streets 

The recent development of road classification that incorporates the place aspect into the 

functional classification in the US has been proposed by Stamatiadis et al. (2018) under the title 

‘an expanded functional classification system for highways and streets’. Stamatiadis et al. defined 

four types of roadway: principal arterial, minor arterial, collector and local. These types can be 

situated within five classes of land use: rural, rural town, suburban, urban and urban core. It 

carries on the concept of movement-based mobility and access through the designation of 

roadway types while identifying the core users (i.e. driver, bicyclist, and pedestrian) for such 

roadway types within different contexts of land use.  
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As illustrated in Figure 2-12, the core performance indicators are mode dependent. The 

performance indicators for drivers include speed, mobility and access. Higher speed and mobility 

are expected in higher road class and lower land use development levels, while the access 

function is the opposite. The performance indicator for a bicycle is the level of separation that 

depends on the type of cycling network, which may not be defined according to the type of 

roadway (i.e. LC: local connector, NO: neighbourhood connector, CC: citywide connector). In 

general, a higher speed road type requires a greater level of separation. For pedestrians, the key 

performance indicator is the pedestrian facility width and pedestrian traffic levels (i.e. P1: 

rare/occasional, P2: low, P3: medium and P4: high). Higher roadway speed requires a greater 

width of the pedestrian facility, but only in the case that there is pedestrian traffic as well. The 

more urban land use context also requires enhanced width of pedestrian facilities to serve a 

higher level of pedestrian activities.  

 

Source: Figure 13 in Stamatiadis et al. (2018) 

Figure 2-12: Performance indicators for designing roadways based on the land use context by Stamatiadis et al. (2018) 
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2.2.2.3 Global implications of Link & Place functional classification 

Initial applications of Link & Place were to determine road functions and road space allocation 

between the road and roadside users within the UK's urban areas (Budhiraja, Croucher, & Jones, 

2014; P. Jones & Boujenko, 2011; P. Jones, Marshall, & Boujenko, 2008). Later, it has been focused 

for the urban road classification and used for planning in other developed countries such as 

Greece (Tsigdinos, Paraskevopoulos, Latinopoulou, & Andrakakou, 2020), the USA (Stamatiadis 

et al., 2018) and Australia (Diemer, Currie, De Gruyter, & Hopkins, 2018). 

Link & Place method has been further adopted as the basis for performance measurement in 

several European countries under the MORE project (Gerike et al., 2019). Within the MORE study, 

Link and Place indicators that reflect the street performance were identified and proposed as an 

input to the appropriate design of the street. Pioneered by McLeod, Scheurer, and Curtis (2017), 

Link & Place has been identified as a method compatible with public transport planning. It sheds 

light on the implications for identifying street classification suitable for the planning and designing 

the light rail network in Melbourne (Diemer et al., 2018).   

2.2.2.4 Challenges and opportunities in applying Link & Place functional classification 

Although Link & Place has its usefulness for road planning towards a sustainable mobility 

approach, the method's primary drawback is the lack of worldwide empirical applications. 

Movement and Place functional classification has only been applied in more urbanised settings 

and developed countries. None are for road planning in the global south.  

Given the identification of road functions towards Place significance, Link & Place could also be 

useful in applications that rely on the road's spatial arrangement such as the ownership among 

different area-based jurisdictions. This provides an opportunity for Link & Place to integrate road 

functional classification with ownership and funding arrangement. Such a feat has been 

unattainable by traditional road classification. Following the aim to apply Link & Place in a global 

south country of Thailand, this combined approach is a novel implication that could further 

expand the more sustainable road planning method towards worldwide adaptation. 

2.3. Administrative arrangement 

Another area that the Link & Place could be usefully applied is for determining the road 

administrative arrangements. The administrative arrangement is determined by the legal 

ownership of the road authority (COTO, 2012; Malmberg Calvo, 1998; Marshall, 2002). The legal 

owners can be public or private entities. The national roads and local roads can be designated 

under the same act or separate acts depending on the delegation of road ownership 

responsibility.  The document that bears the legal designation for a road has to specify its location, 



Chapter 2: Worldwide road classifications and their applications 

56 

the name of the responsible highway authority, and the roles of that authority (Malmberg Calvo, 

1998). Even though the administrative significance of the road could be assessed with little 

awareness of the spatial conditions, the designation is the result from careful scrutiny and 

deliberation, covering the long-term legal and financial responsibilities that adhere with the 

owner (Marshall, 2002). This, in effect, is defined by the assets of the road authority responsible 

for the functions delegated from the gazette notice (Malmberg Calvo, 1998 p.21). 

The earliest administrative hierarchies can be dated back to the eighteenth century. One example 

is in North America, where two ranks of roads were designated. The first priority was the Great 

(or Kings) Highways, which were under the ownership of the colony’s Governor and Council; and 

the second priority was the Common Highways, which were locally administered by appointed 

commissioners or the county court upon presentment of a grand jury or petition (Durrenberger 

& Kulash, 1931). Nowadays, administrative ownership can be much more complicated. Take the 

official road classification of England, for example: for a total of 187,000 miles, English roads are 

classified into Motorways (M), A, B, C and unclassified roads with the relative importance from 

high to low, respectively. The national road authority, Highways England, manages the trunk 

roads, which are motorways and a part of strategic A roads that are defined in the Strategic Road 

Network (SRN) (DfT, 2012; Richards, 2010).  The rest of the network is managed by various local 

authorities. The most important local roads are called the classified principal roads, the A roads, 

which are not designated as SRN. The classified non-principal roads, which consist of B and C 

roads, are the secondary importance local roads, while the unclassified non-trunk roads are the 

least important roads in the network (DfT, 2012).  

Efficiently classifying the roads by administrative responsibilities helps the smooth governance of 

the roads by the relevant authorities. Two obvious benefits of administrative classification belong 

to the clarity in the designation of the road management and funding responsibilities (Glaister & 

Smith, 2009; Robinson & Stiedl, 2001). The responsibility of the road administrator is to carry out 

the state’s road policy into practice while ensuring that the performance meets the goals set out 

by the owner (Madelin & Parkman, 1999).  

2.3.1. Road administrative structure  

Behind the name or the type of institution, administrative classification conveys important 

information regarding the road governance structure as well as the funding responsibilities.  

2.3.1.1 General road administrative structure 

The responsibility of the road administrator is to carry out the state’s road policy into practice 

while ensuring that the performance meets the goals set out by the owner (Madelin & Parkman, 
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1999). Centrally, the road administrator is the road authority and the owner is the Ministry of 

Transport. However, the decentralisation of the government into national and subnational 

structures has introduced many new forms of road administration. The decentralisation models, 

which are created from the combinations of de-concentration, delegation, and devolution, can 

be used to explain the roles and funding allocation of the owner and administrators (Silverman, 

1992). 

a. De-concentration 

In the de-concentration model, some administrative functions are assigned to sub-national units, 

which act as ‘branch offices’. The sub-national units are not involved in horizontal integration, 

which results in the concentration of power within the central government (Malmberg Calvo, 

1998; Silverman, 1992). This effectively means that the central government acts as both the 

owner and administrator.  

b. Delegation 

The delegation model treats the central government as the owner, but leaves the administrator 

tasks to a private or parastatal entity. The road authority in the delegation model acts as an 

independent subsidiary unit who works only for a certain number of functions.  

c. Devolution 

The devolution model is totally different since the local government acts as both the owner and 

administrator (Robinson & Stiedl, 2001). A range of functions that span to various sectors is 

carried out by the local governments, who exercise their own discretion in terms of decision 

making. They are limited by their physical land boundary, the broad guidelines assigned by the 

national policy, their manpower capacity and financial resources (Malmberg Calvo, 1998).  

The variants of the devolution model are the top-down principal agency and the bottom-up 

principal agency models (Malmberg Calvo, 1998). In the top-down principal agency model, the 

local governments act as the agents on behalf of the direction and supervision of the central 

government. The central government has to be responsible for the funding of all costs involved 

in the road investment done by the local governments. In the bottom-up principal agency model, 

the local governments act as the clients and hire the parastatal or central government as an agent 

at their discretion.  

2.3.1.2 Relationship of administrative structure and funding arrangement 

The administrative structure has a relationship with the funding arrangement of transportation 

investment. Vaillancourt & Wingender (2007) provided the relationship structure of the political 
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authority, implementing authority and funding authority for the three different types of road 

administrative decentralisation structures, as shown in Table 2-6. 

Table 2-6: Three aspects of the three types of decentralisation 

Type Political authority Implementing authority Funding authority 

De-concentration National elected 

representatives 

Central government officials National budget 

Delegation National and subnational/local 

elected representatives 

Subnational/local government 

officials supervised by central 

government officials 

Subnational/local budget, with 

or without contractual 

payments by the central 

government, taken from the 

national budget 

Devolution Subnational/local elected 

representatives 

Subnational/local government 

officials (including groups of 

central government officials) 

Subnational/local budget, 

taxes or central government 

transfers from the national 

budget 

Source: Table 16.1 in Vaillancourt & Wingender (2007) 

Funding arrangements according to the decentralised structure can be seen worldwide. Box 2-2 

exemplify such implementation using the US administrative and funding arrangement. 

Box 2-2: Administrative and funding arrangement in the US 

In the US, there are three levels of government agencies involved in the investment process. At the highest 

level, the Federal Highway Administration (FHWA) is the national-level road authority that provides financial 

and technical assistance to the state and local governments concerning design, construction, and 

maintenance (FHWA, 2016).  

At the state level, the State Department of Transportation (State DOTs), located in each state in the USA, 

controls the planning, programming, and implementation of the road investment schemes (USDOT, 2015). 

Since a state DOT takes ownership of all transport infrastructure located within its state boundary, its 

responsibility is not limited to only highway facilities, but also all other transportation facilities, including 

public transport, air, and water transportation infrastructure. For this reason, the task of planning for road 

investment is then transferred to the local governments.  

The Metropolitan Planning Organisation (MPO) is the authority established within the metropolitan planning 

areas, which acts as a branch office for the state DOT in which it is located. The MPO has the responsibility 

to facilitate the coordination of the planning and programming funds for projects and operations within the 

local boundary. The plans derived from the MPOs are forwarded to the state DOT in order to be grouped with 

other transportation schemes that target similar overarching policy goals, which are then prioritised into 

short- and long-term funding programmes. 
 

2.3.2. Road funding mechanisms  

As the road administrative structure adheres closely to the funding efficiency, funding is an 

important part of the success of road investment. The plan for road investment cannot 

materialise if there is inadequate funding. The sustainability of road investment is achieved by 

fairly matching the funding payment and distribution responsibilities among the parties who 

benefit from the road provision. In this section, the various methods for road funding available in 

practice were investigated.  
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2.3.2.1 Funding sources 

Funding concerns the accumulation of capital for road investment. It is important to know where 

the money comes from in order to distribute it to the users who contribute to its use (Glaister, 

2010). Efficiently allocating road funding is a crucial aspect for the fairness of governance in a 

society. 

The funding for road investment can generally be raised by either directly charging the users or 

by indirect collection from the third parties who benefit from the road investment. Taxation and 

pricing are the two primary sources of funding used for investment. 

a. Taxation 

The types of taxes that are used to fund road investment are usually classified into general tax 

and hypothecated tax. A general tax can be collected by the local or national governments and 

put together into one pool for decisions concerning allocation. A general tax is flexible for the 

government to allocate according to the level of policies (Kennedy, Miller, Shalaby, Maclean, & 

Coleman, 2005). However, the government may exploit this flexibility to shift away from its long-

term vision towards more short-term targets.  

In contrast, a hypothecated tax is specifically collected and earmarked for road investment, 

making the funding for investment more specific to the beneficiaries. Fuel levy and vehicle excise 

duty (VED) are two prominent types of hypothecated taxes. Since the use of a vehicle is related 

to fuel usage, countries such as the USA, Japan, and Germany have adopted the fuel levy for the 

funding of the road infrastructure (Nakagawa & Matsunaka, 1997). However, if the main source 

of road funding is from the fuel usage tax, the amount of collected revenue may not be 

sustainable for road investment since new vehicles tend to consume less gasoline (Kennedy et 

al., 2005). A vehicle sales and vehicle parts tax, such as Vehicle Excise Duty (VED), can be used to 

specifically and fairly target different types of vehicle users. Collecting such tax may influence 

consumer decisions for vehicle ownership, which may be a good idea if the policy is aimed at 

reducing car use with the goal of lowering emissions. However, if there is no existing alternative 

transport, raising the VED could potentially discourage users from buying new lower-emissions 

vehicles (Glaister, 2010). 

To specifically capture the spatial distribution of the investment, location related taxes such as 

property and business taxes are designed to capture the local contribution to transportation 

development. In France, Versement Transport is a form of business tax collected from the local 

businesses located within a reasonable distance from public transport to help fund the system 

(Nakagawa & Matsunaka, 1997). 
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b. Road pricing 

By blanket charging the users and non-users of roads, taxation is viewed as an unfair payment for 

the usage or non-usage of services. Some view that road usage should be treated like the use of 

a utility (Glaister & Smith, 2009). Thus, road pricing, which is a mechanism that owner/operators 

use to impose charges on users for the use of services, is introduced as a more efficient way of 

funding.   

The principle to apply the pricing involves differentiating between the contributions of the users 

to the road. User pays and polluter pays concepts are two overarching rationales for road pricing 

(P. Jones, n.d.). The user pays concept seeks to positively charge users for the guaranteed benefits 

from the use of the road. The polluter pays concept, in contrast, collect fees for the damage 

caused to other road users and the environment. The road pricing scheme can be carried out by 

imposing charges using point-based, cordon-based, area-based and distance and time-based 

approaches (May, Koh, D.A., Humphrey, & Fioretto, 2009). 

c. User pays road pricing 

The annual vehicle license fee is a common form of road user charge in most countries. The 

advantage of the license fee is that it is easy to collect and can discriminate among different types 

of vehicles (Queiroz, 2009). However, the disadvantage of this method is that it does not relate 

to the use of vehicles. This can be counterbalanced by using the distance-based charges method, 

which provides an advantage for collecting fees based on the type of vehicle and use. However, 

the administration of the system is more sophisticated and prone to evasion. 

Tolls can be set up by limiting certain access points along the road to help establish a closed 

system, for which users are charged in order to access. The advantage of using a toll is that toll 

booth facilities restrict the potential for evasion. The price can be set to discriminate between 

certain types of vehicles and the closed system ensures fairly accurate, distance-based charging. 

In Norway, the toll system is successfully employed as it has contributed substantial sources of 

road funding (Bråthen & Odeck, 2009). Still, there are some disadvantages to the establishment 

of a closed system. First, it requires a large amount of initial funding and operating costs (Queiroz, 

2009). Furthermore, the stopping of vehicles at entry points can cause delays, which reduces the 

benefits that users can enjoy.  

In the absence of a closed system, other supplementary methods can be used to collect revenue 

from users, such as selling temporary vignettes. The vignette is charged for the use of an entire 

class of road, such as a motorway. Since the use of vignettes can only be monitored by random 

checks, evasion is the main disadvantage of such a method (Queiroz, 2009). Another non-toll 
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method is shadow tolls. A shadow toll is not an actual toll, but rather a method used to pay the 

road provider for maintenance based on the performance of use (Glaister & Smith, 2009). Shadow 

tolls have been implemented in England under the Private Finance Initiative (PFI) in order to 

match the private service provision with the actual use. 

d. Polluter pays road pricing 

The polluter pays road pricing is a way to charge the ‘bad guy’ who contributes to damage to 

other users. This principle for charging has so far received mixed results in terms of the success 

of its implementation. Two examples are given for this type of road pricing: charges for heavy 

vehicles and congestion pricing. 

Heavy vehicles impose much more damage to the road structure than small vehicles. Hence, they 

must account for more contribution to road maintenance funding.  Charges for non-standard and 

overweight vehicles are imposed to compensate for the damage caused by these heavy vehicles. 

Weighing stations are erected on the road to measure the weight and, thus, the fee for each 

individual heavy vehicle. However, this method of charging is usually not very successful in 

practice due to the problems of bribery and high administrative costs (Queiroz, 2009). 

Congestion pricing is another type of polluter pays method that aims to limit the use of urban 

roads to reduce congestion. Congestion pricing is implemented by using a cordon-based toll 

system. Charges are made to the vehicles passing through the designated congestion charged 

zones. The biggest barrier to the success of such a scheme is public acceptance (Kennedy et al., 

2005; May et al., 2009). A study revealed that, out of four cities that proposed the congestion 

charging schemes (i.e. Oslo, London, Edinburgh, and Stockholm), only two (Oslo and London) 

successfully gained public acceptance for its implementation (May et al., 2009). 

2.3.2.2 Funding mechanisms 

Funding mechanism concerns how the money raised is spent. Nakagawa and Matsunaka (1997) 

proposed three conditions for the investment to be effective. The first condition is the adequacy 

of the investment, wherein the supply should match the need. Excess supply from road provision 

may create a waste of investment. The appraisal process helps to find the value for money options 

that satisfy the demand. The second fundamental is the efficiency of realising the project 

according to the need. Lastly, the fairness of the burden distribution has to be achieved. The 

efficiency and fairness of investment are dealt with within the domain of funding discussed in this 

section. 

There are many ways to fund the road investment such as public funds, user charges, long-term 

debt, and private funds (Kennedy et al., 2005; Nakagawa & Matsunaka, 1997; Sun, Li, & Xie, 2014). 
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a. Public funds  

Revenue collected from the general and hypothecated tax is the main source for funding road 

investment. Public funds can be implemented in various forms such as the fiscal budget, grants, and 

subsidies. In the UK, the money provided by the government is put forth each year in the annual 

budget. The exact amount to spend on the roads is allocated across all government departments 

according to the government’s priorities in the Spending Round (HM Treasury, 2013). In the US, 

grants are the most used form of government funding for transportation investment.  

The method of funding using public funds can be done by using tax and road pricing. The main 

advantage of funding road investment through tax is equity. The distribution of money based on 

need satisfies the political fairness principle (Nakagawa & Matsunaka, 1997). Nonetheless, the 

drawback of using public funds is that the money raised from one group of beneficiaries may not 

be efficiently used to help to provide services for these people. The distribution of general 

taxation to the areas where the road is invested may not be used by all people who contribute to 

the tax (Maggi, 2005). If attempting to compensate for the problem by equally distributing the 

general tax funding according to the amount collected throughout the country, an excess supply, 

however, may result and hinder the adequacy principle. Even though the tax is hypothecated, the 

leakage of efficiency still persists. For instance, the amount of tax raised from a property may not 

be directly used to fund the road in front of that property, nor will the fuel taxation directly paid 

to routes be traversed by these vehicles. This creates the free ride problem, wherein the people 

who do not pay for road investment still benefit from road use.  

b. User charges  

User charging based on a road pricing mechanism provides better attribution to the contribution 

of the road users. It is targeted for necessary investment that guarantees the stream of money 

from the users (Nakagawa & Matsunaka, 1997). Various spending strategies can be clearly linked 

to the funding source, such as using tolls for directly paying for the infrastructure investment or 

the distribution of fair maintenance funds through shadow tolls. However, some strategies 

instigate debate over the linkage to the purpose of funding. For instance, using revenue from 

congestion pricing to reduce road capacity and encouraging other modes of transport may result 

in the same level of congestion as before (P. Jones, n.d.).  

In general, road pricing creates fairer and more transparent use of the road for users. The major 

argument against such pricing is concern for equity. This is because of the effects of road 

investment spill over to not only the road users, but the local communities such as pedestrians, 

housing and shops (British Road Federation, 1968). Setting up a closed system of charging can 
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‘price off’ the users who cannot afford the improved service. Therefore, it is recommended that 

a large national road should be publicly financed and apply a pricing mechanism to complement 

general and hypothecated tax revenue (Maggi, 2005). 

c. Private funds 

Historically, road and transport infrastructure has been funded by both private and public funds 

(Emmerson & Bancroft, 2007). Since the rise of the motor vehicles era,  the need to build roads 

in capillary fashion has made public finance the more reasonable choice for road funding (Maggi, 

2005). However, concern over the efficiency of provision has created business opportunities for 

the private sector to contribute to service improvement.  

A public-private partnership (PPP) is a form of cooperation for private contribution to road 

investment funding. There are various forms of PPP that can be used for the provision of road 

services, which runs from the partial involvement of the private sector to a fully-owned private 

utility company (South Africa DOT, 2006).  

The PPP scheme delegates part of the road authority responsibilities to the private sector, which 

can result in some benefits that the private contributor can gain from the subsidy over a period 

of time. In general, the funding mechanisms from the PPP can be categorised into project finance 

and value capture (Maggi, 2005). The project finance is a way that a private investor helps to fund 

the construction of the toll road with the aim of later benefiting from toll fees. The value capture 

method seeks to gain benefits from wider economic development. The private investor will aim 

to collect benefits from the improved accessibility generated by the transport investment in the 

form of land development.  

The disadvantage of the PPP is that it could create monopolistic competition for the private firms 

who receive subsidies from the government. The delegation of government services to the 

private sector must ensure that the chosen PPP scheme delivers the maximum benefits for users 

with minimal costs and risks involved. Hence, it is important to consider whether the private 

sector has adequate capacity to deliver the services according to the users’ requirements, users 

are able to afford the service, the improvement of the service efficiency is feasible, and 

performance is possible over the entire period of the contract (South Africa DOT, 2006). 

d. Long-term debt 

Long-term debt is another option to fund road investment that requires a significant amount of 

funding. Creating debt can be a viable option as the road projects initially require large investment 

capital before generating benefits in the long term (Sun et al., 2014). Borrowing money can be 

organised in various forms such as loans and bonds. The debt is then paid by taxes or users’ charges. 
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The main concern over using debt for funding an investment is that it is risky to borrow future 

money. The funding estimation needs to be precise as the underestimation of costs will make the 

investment become ineffective, while overestimation will become wasteful as the effects of the 

debt created will transfer to future generations (Nakagawa & Matsunaka, 1997).  

2.3.2.3 Funding allocation 

Funding allocation is the task of optimally distributing the resources for spending efficiency. The 

setting of the road funding programme is based on the types of schemes. For example, the 

funding categories for the road schemes in England are for enhancement, renewal, and 

maintenance (DfT, 2015). In the US, federal highway funds are classified into surface transport 

programme fund, hazard elimination/safety fund, transportation enhancement fund, minimum 

guarantee fund and bridge programme fund (Sinha & Labi, 2007a). 

If the government has adequate funding for every type of spending, it would be comparatively 

easy to organise such funding. What make funding allocation and programming a complex task is 

the dual sides of demands. On one hand, the government has to set priorities for the spending 

on each department. The schemes proposed by each department have to be filtered against the 

government’s goals and set priorities. The decision of funding allocation depends on the 

effectiveness of the investment. The trade-off of benefits and costs from the appraisal help 

determine the worth of scheme funding. On the other hand, the funding allocation needs to be 

balanced among the different jurisdictions in the geographical and political areas (Sinha & Labi, 

2007a). Moreover, there are demands from all sides such as education, health care, and various 

government activities, all of which need funding. 

2.4. Applications of road classification in road network planning 

Road classification gives the sense of purpose to the road within the network. With the roles 

designated, various applications could be created. This study provides some examples of the 

applications within the context of road planning and management. 

2.4.1. Application in road ownership arrangement 

As the administrative classification legally binds the type of road to the responsibility of a certain 

organisation, the road administrative hierarchy tends to stay the same over time. However, 

change in the definitions of road types can affect the allocation of road infrastructure ownership. 

This transition affects funding management, such as the sources of funding and the allocation of 

the budget.  

Establishing ownership and responsibility has been seen as a crucial step towards the efficiency 

and enhancement of road management between the central and local authorities (Louis Berger 
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International Inc., 1996; Malmberg Calvo, 1998). Marsden & May (2006) revealed that “a 

combination of the right powers and institutional structure, flexible funding, and a strong political 

champion can achieve significant improvements in a short period of time".  

The administrative classification of road ownership may need to be revisited from time to time 

to establish the fair distribution of resources for management. Experience from the UK indicated 

that there are series of road administrative reforms between central and local authorities that 

have happened since the 1990s.  

2.4.1.1 Detrunking part of the national road network to the local governments 

During the 1990s, England’s Highways Agency was responsible for the management of the trunk 

roads. Roads managed by the Highways Agency were funded using a stable stream of public money. 

However, it was felt that parts of this network were not genuinely strategic, and local authorities 

were keen to gain ownership to better reflect the (place) needs of the local communities through 

which the roads passed. This resulted in the detrunking of part of England’s national road network, 

which further led to the rearrangement of road administration (see Box 2-3).  

Box 2-3: The detrunking of England’s main roads 

The 1936 Trunk Road Act bound the responsibility for the national roads to the central government using 

public funding. The stable funding stream from the public enabled the government to use the ‘predict and 

provide’ policy as a method to expand the trunk road network. In the 1990s, however, the public had raised 

concerns over pollution problems resulting from the destruction of the natural environment as well as the 

traffic congestion that resulted from the increased road capacity (HCTRC, 1999; SACTRA, 1994). 

Subsequently, the ‘peak car’2 argument, together with the White Paper, A New Deal for Transport: Better for 

Everyone, discouraged the ‘predict and provide’ investment policy (DETR, 1998). By looking at the strategically 

important roads, the White Paper ascertained that only 70% of the trunk roads were considered to be part of 

the Strategic Road Network (SRN) and suggested the government ‘de-trunk’ parts of the non-strategic national 

road network to the local highway authorities (DETR, 1998; HCTC, 2010).  

The identification of potential corridors for SRN is largely based on past performance data, which 

usually results in the network under the responsibility of the road authorities being the target 

(Carr, Dixon, & Meyer, 2010). The criteria for selection mainly concern the functional 

classification, geographic significance, and threshold of volume or throughput (DfT, 2008).  

Box 2-4 shows the process of SRN identification. 

 

 
2 This is based on the statement by Professor Phil Goodwin that “…car use in particular is at or close to some kind of saturation level, 

and will remain stable, or even decline, in future, depending on what policies are followed… [This] is based on evidence that population 
and economic growth can happen without traffic growth, this possibility being created by changing land use patterns, which are 
happening, and by changing attitudes and behaviour, starting with the young and ramifying through the rest of the population.” (HCTC, 
2014) 
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Box 2-4: The process to establish the England Strategic Road Network 

The Strategic National Corridors (SNCs) comprise the core idea to designate the Strategic Road Network 

(SRN). SNCs are the main passages that link key centres of the population and the gateways of international 

importance (Glaister & Smith, 2009). The criteria involving the designation of the SNC involves the 

identification of the roads that: (i) link main centres of the population and economic activity, (ii) access major 

ports, airports and rail intermodal terminals, (iii) join peripheral regions to the centre, (iv) provide key cross-

border links to Scotland and Wales, and (v) are classified as part of the UK Trans-European Road Network.  

Consultation on Delivering a Sustainable Transport System (DaSTS) (DfT, 2008) describes the steps involved 

in creating the SNCs. The first step is the identification of Strategic Destinations (SDs). These SDs are the ten 

largest urban areas in England; the largest English ports that handle over 10 million tonnes per annum; the 

busiest English airports (i.e. those handling over 10 million passengers per annum or over 100,000 tonnes of 

freight per annum); and the key gateways that have roads connecting to Scotland and Wales. Next, the 

transport links and services that contributed to freight and passenger flow were identified from an analysis 

of the movements between the strategic destinations. The roads that were put into the analysis had to link 

with the strategic destinations and demonstrate a significant volume of long-distance flows. As a result, the 

national strategic importance roads that provided links to the designated strategic destinations were 

identified (see Figure 2-13).  

 

Figure 2-13: Result from the identification of the Strategic Road Network (DfT, 2008) 

On the local government's side, DfT (2012) provided more flexibility to LGAs to designate the important roads 

under their jurisdiction, called the primary route network (PRN). The PRN is a road network of high importance 

for motorists, which appear as green lines on the official road network map. PRN has been designated based 

on the similar procedure as the designation of SRN. First, DfT designated Primary Destinations (PDs) that 

indicate the areas of high importance. The selection of PDs is dependent on the population, the attraction of 

traffic, the nodes that motorists pass through, and the density of PDs in the area. Then, the Primary Route is 

selected from the link that connects two nearest PDs, which may result in the joining of two or more different 

routes numbering and/or roads that do not belong to the same jurisdiction. The difference of the PRN to SRN 

is that the PRN is the superset of SRN covering more road network across the UK.  
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Detrunking led to a subsequent series of structural and funding reforms for the road 

administration in England. The role of the road administrator was changed to become the road 

network operator and asset manager (A. Cook, 2011). However, there were many problems that 

arose after the detrunking. For example, the maintenance responsibility had to be changed from 

the national road authority to the local road authority. Any failure to address the changes in the 

workload and allocation of funding budget would result in the overall degradation of the roads.  

The 2012 White Paper, Action for Road, examined new options to fund new roads and 

recommended that the government secure long-term funding for the SRN managed by the then 

Highway Agency (DfT, 2013). It suggested the structural reform of the Highways Agency into a 

government-owned company (GoCo) in order to provide greater independence from the 

government and reduce the inefficiencies caused by the ‘red tape’ in the bureaucratic process. 

As a result, the Highways Agency transformed into a 100% publicly-owned company in 2014 with 

the establishment of the Road Investment Strategy (RIS), which sets out a stable, long-term 

investment plan for the Strategic Road Network (DfT, 2014a). 

2.4.1.2 Retrunking of the local roads for national funding 

Although the Strategic Road Network had been identified and used as the basis for national road 

funding, there were still debates over the amendment of the methodology to include more roads, 

which can be called “retrunking”. The detrunking methodology was created using mostly the ‘link’ 

criteria, which left out some parts of important roads from national funding. Even though the PRN 

was created, it lacked connections to the road funding arrangements. The new retrunking 

mechanism was then established to include the important roads that were previously overlooked 

using both ‘link and place’ criteria, integrating the physical road network with the administration 

and funding sources. 

Quarmby and Carey (2016) argued that, while the roles of the major roads play a crucial role in 

supporting the national and regional economy, the limited coverage of SRN is a poor 

representation of the economically important roads at the regional level. This has raised the 

question of why the SRN deserves exclusive and stable five-year RIS funding, while the non-SRN 

roads that are also important for the regional connections, managed by 154 local highway 

authorities, are subjected to annual budgeting and lack a comprehensive performance regime. 

This has widened the gap between the SRN and the majority of roads in England.  

Quarmby and Carey (2016) identified the 8,000 miles of the major road network (MRN), which 

comprises 3,600 miles more than the SRN, representing a wider road network that connects 

important regional economic areas across England. Arguably, the selection of MRN has 
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considered more objective criteria, taking into account the volume of traffic, volume and % of 

HGV and other business traffic, seasonality in traffic flow, the average length of the journey on 

that link, ability to connect significant centres of population and economic activity, ability to 

connect future major new developments, need for continuity of route, and the provision of 

resilience for the overall network (Quarmby & Carey, 2015). In particular, the MRN is divided into 

three tiers, integrating movement and place functions, according to the expected services that 

can impact users, communities, and the environment as follows (Quarmby & Carey, 2016b): 

“Tier 1 – limited-access roads largely devoted to ‘movement’, not just 

motorways; but with a subset of these in conurbations, where frequent 

junctions and very heavy traffic flow mean they will be particularly subject to 

the wider transport policy framework and traffic management strategies set by 

the city or regional authority; 

Tier 2 – mainly all-purpose rural A roads that also sometimes serve the ‘place’ 

needs of communities they run through; and  

Tier 3 – roads in urban areas, often with the greatest mix of user types, where 

significant ‘place’ functions will need to be met. As with Tier 1A, these urban 

roads will be particularly subject to locally determined cross-modal transport 

policies, and the prioritisation of some user types.” 

In tandem with the government’s commitment on the annual budget for the newly-established, 

sub-national transport bodies (STBs) (Browne, 2015), the MRN could be an essential engine for 

the funding devolution at a regional level (Quarmby & Carey, 2016b). The MRN could be the 

natural regional road network that provides strategic connections within and across the regions. 

STBs will also interlink the network planning between Highway England and the local authorities.  

The National Road Fund for the strategic roads that hypothecated from vehicle excise duty (VED) 

starting in 2020 will also provide an opportunity for the local authorities to assess how their roads 

could be managed using the objective ‘fit for purpose’ performance measurement derived from 

the MRN criteria. Fitness for purpose means setting target service levels that sensibly consider 

user expectations, effectively coordinate strategic planning and funding, and integrate with other 

transport networks (Quarmby & Carey, 2016b).  

These MRN criteria have received positive feedback from the UK Government as DfT has now 

launched an official consultation for creating a Major Road Network alongside the Strategic Road 
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Network (DfT, 2017). Part of the £5.8bn ring-fenced budget for SRN was allocated to local 

governments for improving their important A-roads3 identified under the MRN.  

2.4.2. Application in the performance measurement 

Road classification specifies the required performance level for usage. The gap between existing 

and desired performance levels indicates the problem that requires attention for network 

improvement. The Link and Place Guidebook (P. Jones et al., 2007) has provided useful steps to 

identify the problems in the road network using Link & Place classification. By comparing the 

intended level of the link and place statuses with the existing levels, the performance shortfalls 

can be identified from the network. The performance indicators are based on the themes of the 

intended uses. For example, an urban street network may have requirement themes for buses, 

cycling, freight, general traffic, parking, and pedestrian traffic. The accumulated values of the 

performance shortfalls are used to evaluate the degree of the problems for further investigation, 

as shown in Figure 2-14. The identified problems can be further prioritised for attention using the 

planning processes discussed later in Chapter 3. 

 
Source: Transport for London  

Figure 2-14: The application of Link & Place to identify the performance shortfall of the street sections  

2.5. Summary 

The findings from the comparison of worldwide road classifications have provided useful 

evidence for further investigation. First, the complexity of road classification has a direct 

relationship with the level of development in the country applying it. This may suggest that the 

 
3 https://www.transport-network.co.uk/Councils-to-get-share-of-VED-under-Graylings-plans-for-major-road-
network/14235 (accessed 6/7/2017) 
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development of road classification could help global south countries further establish their road 

infrastructure in the next stages. The second piece of evidence shows that, while the recognition 

of road classification varies by country and continent, its purposes are for the designation of the 

usage and indication of the performance of road usages. The findings further suggest that link 

role, administration, and function are the three most used classification themes. These findings 

have led to further investigation of the two prominent types of road classifications: administrative 

arrangement and functional classification. Administrative classification can be used to determine 

the appropriate governance and funding structure. The important applications of the functional 

classification in road investment planning are its utilisation in network planning and performance 

measurement.  

It has been observed from the road classification that road development in the developed world, 

especially in Europe and the Americas, has moved from the provision of roads to improve 

movement performance towards more sustainable provision for public transport and non-

motorisation. To improve the sustainability of the road network, the planning must be shifted 

towards more liveable objectives. Thus, it is important that road planning corresponds to the aims 

of sustainable road development.  

Link & Place has been identified as a method that could support the need for more sustainable 

road planning, by integrating the road functions with appropriate road ownership. The 

integration could make the road to be managed under the jurisdiction that serves its users using 

related road performance and provides necessary road development funding. The next chapter 

will discuss the necessary steps for road investment planning process that could be applied to a 

new set of road development paradigms. 
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Road planning and prioritisation 

 

3.1. Transport planning framework 

When funding is limited, road investment has to be decided wisely. To efficiently use the funding, 

the government needs to understand how the road performs and prioritise allocation of funding 

to those areas that impact road users the most. This chapter discusses the decision-making 

framework for road investment planning. 

Planners make decisions on road investment based on informed positions. The development of 

decision-making frameworks for transportation planning has been based on the ‘reasoned choice 

model’ of individual or group decisions (Zey, 1992). One of the frameworks proposed by Garber 

and Hoel (2009) concludes that the basic elements of transportation planning have several 

interrelated processes consisting of situation definition, problem definition, search for solutions, 

analysis of performance, evaluation of alternatives, choice of project, specification and 

construction. 

Government investment is typically arranged into a set of packages consisting of spending on the 

interventions that aim to serve similar targets. Government intervention in transport planning 

can transpire in various forms. In general, the types of intervention can be categorised by the size 

of scope into 4 groups: policy, programme, package, and scheme (Hills & Junge, 2010). The policy 

is the vision that the government constructs in order to achieve certain political goals. The policy 

is delivered towards the desired realistic outcomes via the policymaking process, including the 

interpretation, implementation, enforcement and evaluation of the effects  (Cochran et al., 

2012). The implementation of the policy can be set up into a programme, which involves a series 

of similar coordinated measures over a course of time at a national level or delivered through a 

package, which, in contrast, offers a less-coordinated set of measures to address certain common 

objectives in a targeted local area (Hills & Junge, 2010). Each measure created in response to a 

specific problem is called a scheme or project. 

The Australian framework outlines 7 steps for the transport planning process (ATAP, 2016). The 

first step is the development of goals and objectives. The second step is the identification and 

prioritisation of the problems. Afterwards, the options are identified in the third step. These 
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options are later appraised for the preferred solution. In the fourth step, the preferred solutions 

are developed into business cases. Subsequently, the projects are prioritised and developed into 

programmes, which is the fifth step. These projects are then implemented in the sixth step. 

Finally, in the seventh step involves a review of the performance of the implemented project for 

feedback concerning process improvement. 

Shannon (2003) introduced the five phases of transportation development in the US. The first 

phase is the systems planning phase. In this phase, the goals and objectives are identified at a 

state-wide or national level for all transportation modes. The identified needs are then forwarded 

to the second phase of the programming, where the projects are listed in the transportation 

improvement plans comprising a one-year plan, a five-year plan, and a long-term plan. The 

selection of projects is considered based on the forecast of collected baseline data with additional 

opinions from the public on the local and regional levels. The selected projects are then 

progressed to the evaluation phase, in which a decision is made regarding whether or not further 

appraisal in the preliminary development phase is necessary. Normally, the schemes that do not 

involve the provision of additional right-of-way, determination of the alternative alignments, or 

passing historic sites are advanced through the last development stage for development of the 

detailed design. A project that passes the acceptance of the final plans, specifications, and 

estimates can then be progressed to the construction phase. 

In England, the Highways Agency (2013) has four main stages listed for major road project 

development in the UK. The initialisation of the investment planning starts off at the pre-project 

stage, where the identification of the shortfalls in the network takes place. Afterwards, the road 

agency identifies and selects the preferred options for the problems found. The pre-project 

development and options phases involve three sub-stages: evidence, options assessment, and 

further appraisal (Highways Agency, 2015c). This is followed by the development phase, in which 

the preferred solution is designed and prepared for construction. The final phase is the 

construction phase, wherein the funded solution is built and handed over for operation.  

Figure 3-1 summarises the steps for road planning in the various countries reviewed. Three 

countries in consideration have seven phases for planning process, which include strategic 

development, performance measurement, problem identification, options generation, appraisal, 

programme development, and monitoring and evaluation phases. The strategic development is a 

phase where the goals are formed, after which the problems can be identified by comparing the 

information collected against the targets. The identified problems help planners develop relevant 

scheme options. The selection of the best performing scheme is identified in the appraisal phase 
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before being programmed for funding and implementation. Finally, the monitoring and 

evaluation phase is done to measure the success of the implementation according to the plan 

and provide a feedback loop to the strategic goals and targets. This thesis will focus on the first 

three stages, which are discussed in detail in this chapter. 

 
Source: author 

Figure 3-1: Flow of the transport planning process 

3.2. Strategic development 

The strategic development is the process in which the policies and strategies are identified for 

assessment of the problem. Goals are identified in the strategic development process. These 

products are the backbone for the development of transportation projects on different levels. 

Goals are the statement of purpose for the investment. They may express the social values that 

guide the planning process (Parkin & Sharma, 1999). By setting the goals for the problem, the 

planners can understand what to expect from the investment and deliver the project within the 

right scope and direction. The key criteria for making a goal are to make it clear and operational 

for the development of the performance measures in the subsequent stage (Cambridge 

Systematics, 2000).  

Phase 1: Strategic development

• Policy vision
• Goals and objectives identification

Phase 2: Performance measurement

• Set up scope of measurement
• Set up performance measurement structure
• Identify performance indicators

Phase 3: Problem identification

• Establish baseline performance
• Determine performance target
• Identify degree of problem
• Prioritization for attention

Phase 4-7: Later stages

• Phase 4: Options generation
• Phase 5: Appraisal
• Phase 6: Programme development
• Phase 7: Monitoring and evaluation 

Feedback loop
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The identified issues may directly help to point out the goals of the road investment. For example, 

a delay in the network may lead to the goal of congestion reduction; the noise issues faced by the 

local stakeholders can guide the objective towards the reduction of noise from the road; a high 

accident rate may create attention for improving the road safety (Garber & Hoel, 2009).  

Still, transportation issues are interdisciplinary and formed by various facets of life activities. This 

means that the rationale behind the formation of the goals may relate to the perspectives of the 

planners. Jones (2016) proposed three development stages of transportation policy shifting from 

car-based to place-based development, as explained in Box 3-1. 

Box 3-1: The perspectives of the transport planning policy 

Stage 1 is when the growth of vehicle ownership is high, and planners are focused on the facilitation of road 

space for vehicular movement. At the beginning of the motorised era, the vehicle-based perspective was 

employed by road builders to facilitate the growth of vehicle ownership. This resulted in the ‘predict and 

provide’, road building and expansion schemes (HCTC, 2014). The construction of bigger and better roads, 

prioritising the road development, both within and between major cities, with the installation of the traffic 

control mechanism, were solutions employed to maximise the usage of available road space (Rogers, 2003).  

The provision of more road capacity, however, leads to congestion in urban areas, where there is limited space 

to cater to demands as well as the pollution effects from the noise and contaminated air from car engines. 

As a consequence, the planners have to rethink ways to accommodate urban travel by emphasising the 

movement of people rather than vehicles (P. Jones, 2009). This led to a paradigm shift in the person-trip 

perspective in Stage 2, which brought about the idea of efficiency in accommodating the people taking trips 

rather than merely the movement of vehicles. The policy goals were therefore aimed towards a modal shift 

and demand management. This can be seen in the attempts to increase the provision of public transportation 

services, improving incentives for car-pooling, and the introduction of road pricing mechanisms such as tolls 

and congestion charging, especially for peak-hour commuting trips (May et al., 2009; Rogers, 2003).  

While the modal shift and demand management policies may help increase the transportation efficiency, the 

building up of the demand for transportation still keep going, consuming more natural resources that use to 

drive the vehicles (P. Jones, 2009). This has led to a more basic question of why people have to travel. Stage 

3 employs the activity-based perspective which has enriched the understanding of this respect by revealing 

that transportation is one of the activities that people do every day. It should be better if the activities that 

affected everyday life are compacted together. This resulted in more linkage of the land-use and 

transportation development, which targeted the reduction of urban congestion by employing land use control 

mechanisms to limit the urban sprawl such as relocating the employment opportunities close to large 

residential areas (Rogers, 2003). This also generated interest in the solutions that enhance the shorter 

transportation modes that do not consume natural resources, such as cycling and walking (P. Jones, 2009). 

From the above observations, Jones (2016) summarised in a conceptual diagram in Figure 3-2 which shows 

three stages of transport policy development cycle. It is starting with the rapid growth in vehicle ownership 

and the associated policy response to provide new infrastructure for vehicular movement, and ending with 

policies targeted at reducing car use and encouraging more sustainable travel patterns in high quality urban 

environments. 
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Source: Jones (2016) 

Figure 3-2: Conceptualisation of the three stages of transportation policy cycle 

Increased awareness of different stakeholder perspectives has led to a more inclusive view of 

sustainable transport. The importance of sustainability has been reinforced by the United 

Nations, who proposed the Sustainable Development Goals (SDGs) in 2015 consisting of 17 goals, 

associated with 169 targets and 232 indicators.  

Such movement has seen many transport authorities adopting policies towards sustainable 

mobility, which is rapidly gaining pace all around the world. For example, DfT (2008a) has set five 

main goals for sustainable transport development comprising economic growth, climate change, 

safety, security and health, equality of opportunity, and quality of life. Local authorities have also 

been promoting a new paradigm of movement for its citizens to reduce the impact of greenhouse 

gases. For instance, Copenhagen Mayor Morten Kabell stated4 in 2017 that they were planning 

to reduce car use by promoting a cycling culture. They also planned to make the city more ‘green’ 

by planting 100,000 more trees and increase usage of public transport that will be equipped with 

new, greener emissions, electric vehicle technologies.  

3.3. Performance measurement 

Under the framework of transportation planning, performance is the key term that defines the 

situation of the system. Performance is defined by the Oxford Dictionary as “how well or badly 

something works”. In the context of this study, performance is the outcome of the road function 

towards the success of the goal.  

 
4 https://govinsider.asia/connected-gov/copenhagen-carbon-neutral-2025-morten-kabell/ accessed 16/12/2019 

https://govinsider.asia/connected-gov/copenhagen-carbon-neutral-2025-morten-kabell/
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3.3.1. Scope performance measurement 

The development of performance indicators is a key step in planning. The criteria for selecting 

the type of indicators can be based on several scopes. 

3.3.1.1 Scope of network 

Performance measures can be applied to various levels of the road network. HCM 2000 (TRB, 

2000) defined that there are five levels of the road network that can be measured for 

performance, which include point, segment, facility, corridor and area-wide (see Figure 3-3). 

Point and segment levels are a more detailed scope of the network, in which the planner only 

picks up a few areas of interest to measure the problem, such as road safety or surface conditions. 

Shaw (2003) suggested that only the last three levels are considered ‘system’, in which many 

performance indicators could be wholly applied. This means that the finest level for the 

performance indicators, consisting of many aspects, could effectively be measured at the facility 

or link level. 

 

Figure 3-3: Generalised definitions of highway segments and systems as defined by HCM 2000 

3.3.1.2 Scope of information 

Another aspect of scope is based on the level of information useful for different levels of 

decisions. PIARC (2008) recommended a system of information called Quality Levels (IQL) that 

are applicable based on different types of main stakeholders in five levels of decision. As 

explained in Table 3-1, the higher levels require less detailed data, but more aspects of concern.  
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Table 3-1: Different levels of performance indicators used for various levels of decision 

Level  Explanation 

IQL-5 key performance indicators that are used at a top-level, which generally might combine key attributes from 

several pieces of information 

IQL-4 performance indicators are organised in a summary or key attribute which are used by owner, users, and 

community in planning, senior management reports, or in low effort data collection 

IQL-3 performance indicators are in a simpler level of detail than IQL-1 or IQL-2, typically two or three attributes, which 

might be used by managers and owners for large tasks such as network-level surveys 

IQL-2 performance indicators are typical of many engineering analyses with fewer attributes being measured, which 

are useful for operators and managers in a project-level decision 

IQL-1 performance indicators are of a level of detail used in detailed project-level data collection, engineering research 

and laboratory use by the operators 

Source: author’s compilation from PIARC (2008) 

The structure of the five levels of indicators is depicted in Figure 3-4. There are three types of 

stakeholders that have different levels of interest in the information. The first stakeholder is the 

owner/user/community group, who manages the infrastructure to the best interest of the users 

and community at large. The main body responsible in the first group is the government. The 

second stakeholder is the manager, who is responsible for the medium to long-term management 

of the road network, such as the highway agency. The third stakeholder is the operator, who is 

responsible for the day-to-day operation of the road infrastructure, such as in-house staff and 

contractors. 

 

Source: author’s reproduction of Figure 3 in PIARC (2008) 

Figure 3-4: IQL performance measures structure relationship with stakeholders 

3.3.1.3 Scope of concern 

Generally, the performance indicators are categorised by looking on the aspects of concerns 

consisting of several dimensions of the observed characteristics (PIARC, 2008). Based on a cross-
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country review by Karlaftis and Kepaptsoglou (2012), there are some common groupings of the 

performance indicators for road planning such as infrastructure preservation, safety and security, 

environmental sustainability, economy, and network operations.  

The primary performance indicators for the infrastructure preservation are the conditions of the 

transportation system and measures to keep the system in a state of good repair (Cambridge 

Systematics, PB Consult, & Texas Transportation Institute, 2006). In terms of safety, the causes of 

crashes, either from vehicles or drivers, and the safety of the work zones are given increasing 

attention for the measurement of performance (Cambridge Systematics et al., 2006). From the 

environmental aspect, the air quality and noise level are apparently the two most important 

concerns (Karlaftis & Kepaptsoglou, 2012).  

The measures for economic performance concern the benefits and costs incurred by the direct 

and indirect users of the roads. The direct performance measures are the benefits generated 

from the reduced travel time, vehicle operating costs, and accident costs (FDOT, 2015). The 

indirect economic performance indicators can capture freight mobility, household access to 

goods and services, business access to customers, and workers access to jobs (Reiff & Gregor, 

2005).  

Road functionality is usually applied as the key indicator to express the service quality of the road 

network (Cambridge Systematics, 2000). Mobility and accessibility are also two of the main 

ingredients for network operations performance (Austroads, 2016). Mobility concerns the quality 

of a vehicle's movements, which can be measured by delays and travel speed (Humplick & 

Paterson, 1994). Accessibility is defined by the ability to facilitate movement to particular places 

(Hilling, 1996). The improvement of roads enhances the accessibility in the network. The need for 

more accessibility can be achieved by providing road improvements.  

Besides the traditional mobility and accessibility, Link and Place functional classification gives 

equal consideration to the needs of the people on the side of the road as well as the road users. 

Both needs are balanced by incorporating the importance of link and place performance to 

determine the severity of the issue (P. Jones et al., 2007).  

3.3.2. Structure of performance indicators 

The connections from the goals to the performance indicators can be determined by top-down 

and bottom-up approaches.  
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3.3.2.1 Top-down structure 

The top-down approach establishes the performance indicators by translating the strategic goals 

of the road authority. The official strategic documents from the related road authorities both 

central and local government bear the key visions and goals of the road development. These goals 

carry the values that indicate the desirable outcomes of the road functions and activities, which 

could be selected to measure the existing performance of the road network (P. Jones et al., 2007). 

From the aspect of the planning process, the performance measures represent three products: 

inputs – which look at the resources dedicated to a programme; outputs – which look at the 

products produced; and outcomes – which look at the impact of the products on the goals of the 

agency (Falls & Jurgens, 2003).  

Humplick and Paterson (1994) outlined the framework for the road infrastructure management 

concerning the deliveries of the outputs and outcomes to various stakeholders consisting of road 

network users, road transport service suppliers, road network suppliers, and road transport policy 

sector and institutions. As depicted in Figure 3-5, the road authority is seen as the road network 

supplier who needs to provide the infrastructure with the efficiency of funding usage; response 

to the demands for adequacy of provision and service quality from the road users; and response 

to the effectiveness of carrying out the strategic policy set out by the policymakers. 

 

Source: Humplick & Paterson (1994) 

Figure 3-5: Connections between the demands in the road sector 

3.3.2.2 Bottom-up structure 

Another approach is by looking into the established goals from the baseline studies (bottom-up) 

with the input from the stakeholders (Parkin & Sharma, 1999). By consulting with the 
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stakeholders, the second method should incorporate the key policy objectives that reflect the 

desired values and outcomes of the project into their decision making as well.  

The value tree can be used to assist the planners to systematically establish the linkage between 

the goals and performance measures (Parkin & Sharma, 1999). The tree starts from an abstract 

goal towards a more meaningful set of measurable objectives, such as the case of the social utility 

value tree depicted in Figure 3-6. As seen in the example value tree, the objectives on the right 

are more meaningful and quantifiable to the abstract goals on the left. These objectives could be 

the key inputs for the selection of the performance measures required for the study. 

 

Source: Parkin & Sharma (1999) 

Figure 3-6: Example value tree for social utility in a road system  

3.3.3. Performance indicators in transport planning 

According to the worldwide collection of road performance indicator presented in Appendix B, 

the performance of the road that is related to the investment planning can be categorised into 
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road assets performance, operational performance, and wider impacts. In each category, there 

are groups of performance indicators that have different objectives of measurement, as follows. 

The first category is the road assets. The measurement for road assets focuses on the 

effectiveness of preservation and maintenance. These indicators measure the performance in 

preserving the physical road inventory assets. The second category is the road operations. There 

are two main themes of measurement in road operations, namely system operation efficiency 

and safety. System operation efficiency indicators express usage performance from road 

operations in different aspects. Safety performance indicators identify the safety risk and impacts 

of accidents. The third category is the wider impact. Under the wider impact, the first theme is 

the environmental impact produced from the consequences in the environment, in different 

aspects. Another theme of wider impacts is quality of life, which addresses the consequences of 

the road usage that affects a greater percentage of society.  

A summary of the related road performance indicators in these three categories is shown in Table 

3-2. On the right column are tick marks assessing whether each indicator is compatible with the 

Link & Place framework. This was analysed based on the objective that the performance indicator 

should be addressing the need for users of Link and Place—which need to be inclusive to cover 

motorised transport, public transport, and pedestrians. The PIs that were not selected were fallen 

under one or more of the three criteria below, which does not mean that they are less capable 

of measuring the performance but are incompatible with the desired usage within Link & Place 

applications in this study. 

Criteria for filtering out the performance indicators incompatible with Link & Place: 

(1) Indicators that are too broad to measure a specific roadway (e.g., Per cent of the target 

population that can conveniently reach a specific destination. [30]). 

(2) Indicators that are too technical to be applied given the limited capacity of the 

implementing authorities in the global south (e.g., Average speed for given roadway 

segment or origin-destination pair [29][30][33][38][40]). 

(3) Indicators that are too detailed indicators that are not suitable for describing the general 

symptoms of road use (e.g., Remaining service life/Structural Capacity [30][38]). 
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Table 3-2. Selected performance indicators for road assets 

Theme Indicator Measurement 
Link & Place 
compatibility 

Category 1: Road asset performance indicators 

Effectiveness 
of preservation 
and 
maintenance 

System 
preservation 
effectiveness 

- Riding comfort (RCI) [29][40] 
- Surface distress (SDI) [33][40] 
- Structural adequacy (SAI) [40] 
- Pavement condition (PCI) [30][40] 
- Roughness (IRI) [29][33][34][36][37][38][40] 
- Pavement quality (PQI) [38][40] 
- Bearing capacity (by road class) [37] 
- Comprehensibility of markings, signs and messages [29][34][36] 
- Asset condition/ Condition rating [30][34] 
- Serviceability, technical acceptance and quality of road corridor [33][36]  
- Comfort index/Safety index/Structural index/Environmental index [31] 
- Quality/Adequacy of road surface [33] 
- Evenness adequacy [33][36] 
- Friction adequacy [33] 
- Road furniture condition [33] 
- Structure condition [33] 
- Defect/condition of footpaths [36] 
- Customer rating of asset condition or agency preservation activities [30] 
- Satisfaction with maintenance and operation [36] 
- Bridge condition index [40] 
- Sufficiency rating index [40] 
- Smooth travel exposure [40] 
- Surface condition [37] 
- Satisfaction with road condition [37] 
- Per cent of lane-miles by pavement condition [38] 
- Per cent of pavement asset that does not require further investigation for 
possible maintenance [44]  
 

✓ 
✓ 
- 
✓ 
✓ 
✓ 
- 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
- 
✓ 
✓ 
✓ 
- 
- 
✓ 
✓ 
✓ 
✓ 
✓ 

Preventions - Rate of bridges with preventive maintenance [42] 
- Per cent of VMT on roads with deficient ride quality [30] 
- Per cent of roadway/bridge system below standard condition [38] 
- Remaining service life/Structural Capacity [30][38] 
- Incidence of truck overloading [37] 
- Management system for road furniture [37] 

- 
✓ 
✓ 
- 
- 
- 

Category 2: Road operations performance indicators 

System 
operation 
efficiency 
  
  
  
  
  
  
  

Speed - Actual Travel Speed [41] 
- Nominal Travel Speed [32][41] 
- Travel rate (e.g., minutes per mile) [30] 
- Average speed for given roadway segment or origin destination pair 
[29][30][33][38][40] 
- Mobility index (VMT, PMT or ton-miles times average speed) [30] 
- Traffic flow adequacy [33] 
 

✓ 
✓ 
✓ 
✓ 
 
✓ 
- 

Congestion - Programme-projected level congestion [37] 
- Congested conditions [40] 
- Actual traffic volume/design capacity (V/C) ratio (congestion level) 
[32][34][38] 
- Time lost due to traffic congestion [32][37][38][42] 
- VMT or PMT with congestion level [38] 
- Level of service (LOS) [30][32][37][38][40] 
- Congested road-km [37] 
- Per cent of miles congested (usually defined based on LOS E or F) [32] 
- Per cent of vehicle-miles or person-miles travelled congested [32][43] 
- (Freight) Ton-miles travelled by congestion level, capacity restrictions [38] 
- Average travel time per 10 km [41] 
- Variation from posted speed [41] 
- Average speed/posted speed [34] 
- Travel time index (ratio of peak travel time to free-flow travel time), 
[30][35][43] 

- 
✓ 
✓ 
 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
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Theme Indicator Measurement 
Link & Place 
compatibility 

- Travel rate index (amount of additional time required due to congestion) 
[30] 
- Congestion severity index (hours of delay per million VMT) [30] 
- Incidence of congested flow [33] 
- Adequate, tolerable and acceptable level for % of veh/km [29] 
 

✓ 
 
✓ 
- 
- 

Delays - Total hours of delay (veh-hrs) [29][30][33] 
- Relative delay rate (difference from target or standard) [30] 
- Increase in travel time caused by an incident [32] 
- The time delays due to an incident, a road accident, or a number of 
accidents [30][36][43] 
- The time delay resulting from maintenance interventions and road works 
[36][39] 
- (Freight) Delay per ton-mile travelled [38] 
- (Freight) Number of truck-days of highway closure on major freight routes 
[38] 
- Link closure incidence [33] 
- Bottlenecks (network restrictions) [36] 
- Average delay (time loss per vehicle per mile) [44] 
- Total number of incidences [43] 
- Incident level [43] 
- Incident delay reduction [43] 
- Incident management: percentage of road incidents cleared within one 
hour [44] 
 

✓ 
✓ 
- 
- 
 
- 
 
✓ 
- 
 
- 
✓ 
✓ 
- 
- 
- 
- 

System 
efficiency  

- Network availability: Percentage of road network available to traffic [44] 
- Change in volume/capacity ratio by functional class [39] 
- Change in V/C ratio [congestion reduction per unit (lane-mile)] [30][39] 
- Per cent of VMT on roads with deficient ride quality [38] 
- Ease of movement against road furniture clutter [36] 
- Use/Capacity ratio of roads/footpaths [36] 
- Change in peak-hour person moved due to construction, maintenance, or 
improvement activities [39] 
 

- 
✓ 
✓ 
✓ 
✓ 
✓ 
- 

Access to 
destinations
/ road 
services/ 
modes 

- Per cent of the target population that can conveniently reach a specific 
destination. [30] 
- Per cent of the working population within X miles of employment, PMT per 
capita [30] 
- Change in the number of jobs within reasonable travel time (by mode) for 
the region's population due to project/options [39] 
- Per cent of the population within 1 km or 10 minutes of the road 
[30][34][35] 
- Average travel time from facility to major highway network [30] 
- Accessibility index or composite access index [37][38] 
- Areas adjacent to the network [36] 
- Number of projects (area and population) accessible to designated 
development centres [38] 
- Extent to which projects fall within census urbanised area [30] 
- Rate of major airports and ports with highway access [42] 

- 
 
- 
 
- 
 
- 
 
✓ 
✓ 
- 
- 
 
✓ 
✓ 

Traffic 
volume/ 
amount of 
travel 

- Traffic volume [40] 
- Annual average daily traffic, peak-hour traffic, or peak-period traffic [38][43] 
- Total vehicle-mile travelled (VMT) [30][38] 
- VMT per lane-mile (per capita) or PMT per capita [30][38] 
- VHT or PHT per capita [38] 
- Rate of traffic on high standard roads [42] 
- Average density [43] 
- Users [29][33] 
- Vehicle ownership [30][38] 
- Demography & Macroeconomy [29][33] 
- Modal split by trip purpose [30] 
- (Passenger) Passenger-trips per household [38] 
 

✓ 
✓ 
✓ 
✓ 
✓ 
- 
- 
- 
- 
- 
- 
- 
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Theme Indicator Measurement 
Link & Place 
compatibility 

Vehicle 
occupancy 

- Persons per vehicle (by peak/off-peak, and location) [30][32][41] 
- VMT or PMT average vehicle occupancy [38] 
- Lane Occupancy Rate (Persons) [41][43] 
- Per cent or number of multiple-occupant vehicles [30][38] 
 

- 
✓ 
- 
- 

Travel time - The total time of the trip [36][37][38] 
- Distance divided by speed [32] 
- Change in travel time per mode per destination type [39] 
- Average travel time (by mode or cross modes) for a given origin-
destination pair or trip type [30][36][38][43] 
- 95-per cent reliable travel time [30] 
- Annual change in travel time between major cities [35] 
- In-vehicle travel time [38] 
 

✓ 
✓ 
✓ 
✓ 
 
✓ 
- 
- 
 

Reliability - Variability of travel times or range of travel time (the time taken travelling 
between communities/cities/towns compared to the speed limits and 
normal travelling time) [32][36][37][41] 
- Variation in average speed (location-specific measure) [30] 
- On-time performance [43] 
- Percentage of travellers who arrive at their destination within an 
acceptable time [32][38] 
- Minute variation in trip time [32][38] 
- Per cent delay experienced in the system [40] 
- Standard deviation of travel time [29][30] 
- Fluctuations in traffic volume [38] 
 

✓ 
 
 
✓ 
✓ 
✓ 
 
✓ 
✓ 
✓ 
- 

Customer 
Perception 

- Customer perception of time it takes to travel to places people/goods need 
to go [38] 
- Number of website hits or referring websites [42][43] 
- User information system (y/n) [37] 
- Degree of satisfaction of road users/User Satisfaction Index [41][42][44] 
- Customer ratings of trip time, reliability, congestion severity, travel cost, 
travel time, and so forth [30][37][38] 
- Satisfaction of the resident/user with regard to the sustainability of the 
road network [36] 
- Satisfaction with the road programme delivery [37] 
- Satisfaction with the road programme development process [37] 
- Interviews with groups of road users, typically commercial vehicles (lorry 
and coach drivers) and cars [36] 
- Number of safety-related complaints [30] 
- Customer ratings of transportation facility safety or operational response 
to incidents [30][38] 
- Customer ratings of facility operations and availability [30] 
- User identification of access issues [38] 
 

✓ 
 
- 
- 
✓ 
✓ 
 
- 
 
- 
- 
- 
 
- 
- 
 
- 
- 

Safety 
  
  

Road safety 
impacts 

- Total accident reduction [29] 
- Percentage reduction in fatalities or injuries [29] 
- Percentage reduction in crashes (by type) [30] 
- Change in the number and severity of crashes [39] 
- Change in number of crashes (by type) on a selected type of highway [39] 

✓ 
✓ 
✓ 
✓ 
✓ 

Road Safety/ 
Traffic 
safety 

- Method to assess the safety programmes (Y/N) [37] 
- Percentage of traffic flow speeding (weighted) [37] 
- Number (or per cent) of highway miles driven above the speed limit [38] 
- Percentage of roads not meeting min design standards [37] 
- Exposure of pedestrians and cyclists to vehicle traffic [37] 
- Accident risk: fatalities/injuries per veh-km [33][37][38] 
- IRAP based road safety investigations [44] 
- Existence of national traffic safety programme (Y/N) [37] 
- Accident rates per million vehicle kilometres (MVK) [29][33][34][36][38][40] 
- Fatalities per MVK [29][30][33][34][35][36][38][40][42] 
- Injuries per MVK [29][30][33][34][36][38][40][42] 

- 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
- 
✓ 
✓ 
✓ 
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Theme Indicator Measurement 
Link & Place 
compatibility 

- Accidents (or injuries or fatalities)/PMT [38] 
- Serious Casualty Crashes (Population Basis or Veh-km Travelled Basis) 
[35][41] 
- Road Fatalities (Population Basis or Veh-km Travelled Basis) [41] 
- Persons Hospitalised (Population Basis or Veh-km Travelled Basis) [41] 
- Accident density (number of accidents per one kilometre of road length 
and/or per year) [38] 
- Hazard index (location-specific measure) [30] 
- Blackspot incidence [33] 
- Number of locations with high crash rates or hazard indexes (exceeding 
threshold) [30][38] 
- Number of roadway sections (or per cent of system miles) not meeting 
safety standards [30] 
- Unprotected road user risk [37] 
- Percentage of main roads lighted [37] 
- Street lighting that meets designated standards [49] 
- PERS Link review: lighting intensity and frequency [52] 
- Rest areas per 100 km [37] 
 

✓ 
✓ 
 
✓ 
- 
✓ 
 
✓ 
✓ 
✓ 
 
✓ 
 
✓ 
✓ 
✓ 
✓ 
- 

Accident 
statistics 
(detailed) 

- Run accidents [36] 
- Turning accidents [36] 
- Intersection accidents [36] 
- Crossing/Rail-grade crossing accidents [36][40] 
- Accidents involving oncoming traffic [36] 
- Number of crashes by type, mode, system, location type, and so forth [30] 
- Crash rates—number of crashes (by type) per 100 million VMT [30] 
- Percentage of incidents involving trucks per MVK [40] 
- Property damage only incidents [40] 
- Number of accidents in which speed or traffic violation is a factor [38] 
- Number of accidents occurring in highway construction zones [38] 
 

- 
- 
- 
- 
- 
✓ 
✓ 
✓ 
- 
- 
- 

Category 3: Wider impact performance indicators 

Environment
al impacts 

Noise 
impacts 

- Site-specific noise (dB variation with time) [29] 
- Number of residences or per cent of the population exposed to highway 
noise exceeding established standards (or greater than X decibels) 
[30][34][36][37][38] 
- Percentage of the road network (including concrete sections) with quieter 
road surface by year X [30] 
- Constraints to utilisation due to noise (hours of operation) [38] 
- Number of noise important areas mitigated [44] 
- Rate of achievement of night-time noise limits [42] 
 

✓ 
✓ 
 
 
- 
 
- 
- 
✓ 

Air quality/ 
emissions 

- Existence of air quality standards [37] 
- Emission (kg/MVK) [29][33][39][42] 
- Vehicular emissions by type—GHGs, CO2, CO, ozone, SOx, NOx, VOC, SPM, 
fine particulate matter (PM2.5) [30][34][36][40] 
- Tons of pollution (vehicle emissions or greenhouse gases) generated 
[30][38] 
- Number of days that pollution hazard index is in an unhealthy range [38] 
- Emissions per capita for CO2, NOx, VOC, PM [37] 
- Pollutant concentrations in road run-off [37] 
- Percentage of pop exposed to emission levels violating air quality 
standards [37] 
- Air Quality Exposure (AQE): Percentage of the network with measured 
values below the applicable threshold value [36] 
- Highway emissions levels within non-attainment areas [38] 
- Forecast of the policy impact [36] 
- Customer perception or satisfaction with air quality [38] 
- Air-quality rating [38] 
 

- 
✓ 
✓ 
 
✓ 
 
✓ 
✓ 
✓ 
✓ 
 
✓ 
 
✓ 
- 
✓ 
✓ 
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Theme Indicator Measurement 
Link & Place 
compatibility 

Quality of 
Life 
  
  
  
  

Landscape - User satisfaction ratings for the area [36] 
- Set appropriate management level by balancing the desires of the road 
users with the capability of the road manager [36] 
- Rate of trunk roads in urban areas without power/telephone poles [42] 
 

✓ 
- 
 
- 

Land Use - Sprawl: difference between changes in urban household density and 
suburban household density [38] 
- New land area taken for roadway use [37] 
- Cumulative land area taken by roads (%) [37] 
- Percentage of region which is developed [38] 
- Integration, accessibility and general sustainability of communities and 
their surroundings [36] 
 

- 

 
- 
- 
✓ 
✓ 

Aesthetic 
and 
historical 
heritage 

- Number of archaeological and historical sites that are not satisfactorily 
addressed in project development before construction begins [30] 
- cleanliness, tidiness [36] 
- accessibility to historical heritage, picnic areas [36] 
- provision of advance information (signage) [36] 
 

- 
 
✓ 
- 
✓ 

Community 
participation 

- Processes in place for market research and customer feedback (y/n) [37] 
- Processes for public participation [37] 
- Customer perception of satisfaction with involvement in pre-project 
planning [38] 
- Customer perception of satisfaction with completed projects [38] 
- Satisfaction with the number and types of feedback mechanisms [37] 
- Contribution towards the sustainability of the community [36] 
- Percentage of the project in which the community is actively engaged [30] 
 

- 
- 
- 
 
✓ 
✓ 
✓ 
- 
 

Equity - Percentage of the population within 1 km of a surface road (Accessibility 
by road class) [34] 
- Travel cost, travel time by user group [37] 
- Accident risk by user group [37] 
- Change in level of service (LOS) or delay for disadvantaged and non-
disadvantaged neighbourhoods [39] 
- Surplus (deficit) of road expenditures relative to road user charges 
collected by region 
- Regional distribution of roads [37] 
- Laws for mobility limit (y/n) [37] 
- Bus stops [36] 
- Connections to terminals for buses, trains and to the airport [36] 
- Miles of highway rated good and fair for bicycle travel [38] 
- Number of new roads upgraded with crossings for cyclists, walkers and 
other vulnerable users [44] 
 

✓ 
 
✓ 
✓ 
✓ 
 
- 
 
- 
- 
- 
✓ 
✓ 
✓ 
 

Source: compiled from various studies, with the reference number of sources in brackets as detailed in Appendix B 

3.4. Problem identification 

The problems found on the road may require more resources than the road authority has the 

ability to support. The road authority has to prioritise these problems based on their importance. 

Addressing the gaps in the performance of the existing operation for the road is a way that helps 

the planners to determine the priority of the problems.  

The gap in performance is the difference between the baseline and the perceived target 

(Austroads, 2016). The gap of the performance can be identified by comparing the existing 

performance level with the targeted level. 
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3.4.1. Baseline performance 

The aim of the baseline study is to grasp the understanding of the underlying issues and set out 

the overarching intended outcomes (Ray, Ferguson, Knudsen, Porter, & Mason, 2014). Some 

literature calls this the project initiation phase, pre-feasibility studies or pre-project development 

phase (J. R. Cook, Petts, & Rolt, 2013; Parkin & Sharma, 1999; Ray et al., 2014). The basic factors 

that affect the demand for road improvement are collected and analysed in this phase (Garber & 

Hoel, 2009).  

The identified context for project development can be reported in a descriptive manner 

addressing the multidimensional problems that arise from the topics of population and 

employment, land use, economic base, transportation system, travel patterns, social value 

factors, financial resources, ordinance, statutes and regulation (Shunk, 1992). This helps to 

project the size of the problems in the foreseeable future, assuming there is no countermeasure 

applied. 

For further investigation within the selected network, the planners can use a wide array of data 

to enhance understanding of the situation. 

a. Government  

Government sources are the common point of information for project development. The 

government policy can give a general overview of key issues commonly found at the national 

levels, such as air quality, congestion, and transportation equity (USDOT, 2015). The priorities for 

attention are ranked at the network-level and corridor-level plans such as master plans, regional 

plans and local plans, which are created by various governmental subdivisions and can be the 

sources for identification of the scheme development priorities.  

b. Stakeholders 

Stakeholders who have an interest in road projects, such as the people who might be affected by 

the development of a road project or the key decision-makers, can be another source of 

information for the existing conditions of roads (SATCC, 2003). Public servants and community 

leaders can be great sources of information for the existing issues in specific areas (Parkin & 

Sharma, 1999). The methods for consultation include interviews, public hearings, direct 

community consultation, workshops and brainstorming sessions (Parkin & Sharma, 1999; SATCC, 

2003). In the rural context, the stakeholder participation methods such as the participatory rural 

assessment (PRA) and rapid rural assessment (RRA) techniques are tailor-made for the reduction 

of data collection costs (Airey, 2014).  
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c. Collected asset data 

Road authority collected data from various management systems is another source of input for 

project identification. Traffic data can be collected to assist decision-making in the baseline 

studies (SATCC, 2003). The traffic data will be used later to indicate the appropriate design for 

road geometric features in the option and design phases (NYDOT, 2015). Vehicle composition 

data is useful for the structural design of the road that can restrain the damage from heavy 

vehicles. Travel survey results indicate the origin-destination of the vehicle users and can help 

predict the likely amount of traffic that is affected by the proposed intervention in a network 

(SATCC, 2003). Other types of data that can be used include topography, axle load surveys, speed 

studies, geological surveys, accident data, IRI, and pavement conditions. Using such data may 

help the planner to understand the issue in a more technical manner as well as help to identify 

more specific interventions. 

d. Prediction models 

In this process, the measurement of the future level of performance is commenced. The diagnosis 

of the problem may require forecasting to predict the likely impact of the status quo (Parkin & 

Sharma, 1999, p. 32). Predictions of the future situations can be projected 10, 15 or 20 years into 

the future (Parkin & Sharma, 1999). Possible development plans on housing and employment and 

projections of the populations based on the realistic limits can be used as the assumption inputs 

for the modelling. The results from the forecasting models can be plugged into the selected 

performance measures in order to compare the difference between performance in the present 

and future. 

The forecast for future performance is commenced by using computer models. Transportation 

demand model packages are recommended for the prediction of traffic changes within the 

network. The modelling process requires various degrees of data precision. One popular model 

that has been developed for the prediction of transportation demand is the four-stage sequential 

model, which is made up of four sub-models. Demographic data is applied in the model to analyse 

the generation of trips, the distribution among TAZ, the split of transportation modes, and assign 

the populated traffic into the network (Ortuzar S. & Willumsen, 2011; Parkin & Sharma, 1999).  
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3.4.2. Performance target 

The performance target is the specific performance level achieved to accomplish a specific goal. 

There are two main methods to identify performance targets. The first method is to use historical 

data, while the second method is to use the targets from external sources5. 

a. Historical data 

If there is an existing performance measurement system, the planner may use it to derive the 

desired performance target. Cambridge Systematics et al. (2006) recommended several ways to 

establish performance targets.  

For a start, targets can be set to align with the nationally based targets (e.g., the national highway 

safety target of 1.0 fatality per 100 million VMT). If there is an established relationship between 

the user costs and the performance indicator of a specific road asset, the ranges of acceptable 

performance levels (e.g. good, average, and poor) can be identified at the points where the user 

costs tend to increase rapidly. 

Alternatively, a minimum threshold level of performance can be set as a baseline target, which 

can be generated from the user costs/performance level relationship or established from the 

customer surveys and complaints. Setting up an achievable target requires considering the 

budget scenarios. Finding the trade-off between different expenditure scenarios (e.g., low-, 

medium-, and high-level of budgets) and resulting performance level can help the authorities to 

identify the expenditure level to meet a specified target performance level. 

b. External sources 

If the performance indicator is newly established, historical data may not be available. In this case, 

the performance target could be derived from external sources. Examples of the targets derived 

from external sources include the standard levels of design required for road infrastructure (e.g. 

road width, footway width), the policy targets set out by the government (e.g. to reach a certain 

level of road deaths within a given year), and the legal limits that are set to ensure the safety and 

wellbeing of society (e.g. the limit of air pollution level). 

3.4.3. Identification of degree of problem 

The degree of problem is identified from comparing the existing level of performance with the 

desired target of performance level. Performance indicators are measured in different metrics, 

meaning they may not be comparable together. The multi-criteria analysis (MCA) has been used 

 
5 https://www.gallaudet.edu/accreditation-certification-and-licensure/assessment/assessment-of-student-
learning/instructions-and-examples/setting-performance-targets accessed 17/12/2019 

https://www.gallaudet.edu/accreditation-certification-and-licensure/assessment/assessment-of-student-learning/instructions-and-examples/setting-performance-targets
https://www.gallaudet.edu/accreditation-certification-and-licensure/assessment/assessment-of-student-learning/instructions-and-examples/setting-performance-targets
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widely in performance measurement and planning. Within the framework of MCA, the process 

of scaling, weighting and aggregation can be employed to combine multiple performance 

indicators into a single value of measurement (Singh, Murty, Gupta, & Dikshit, 2012). As different 

types of performance indicators might have a different range and type of values, a unifying scale 

for the measurement needs to be created by normalising into the same scale. Each type of 

performance indicator may be perceived by the decision-maker in a different level of importance; 

thus, the weighting can be given according to their relative significance. The performance index 

is then calculated by the aggregation of all indicators. Normally, the aggregation is the sum of all 

weighted values.  

3.4.3.1 Scaling methods 

The scale of the criteria impact is established to help the decision-makers address their 

preferences among the quantitative and qualitative criteria in the same unit of measurement 

(Sinha & Labi, 2007b; Ward, Dimitriou, & Dean, 2016). The value theory is used to determine the 

scalar index of decision-makers’ preferences that represent the values attached to each level of 

a performance criterion (Keeney & Raiffa, 1976). The value function, which is a representation of 

the decision-makers’ preference structure, is expressed in linear or non-linear mathematical 

form. The value function can be developed by difference-scaling, direct rating method, mid-value 

splitting technique, and regression analysis (Sinha & Labi, 2007b).  

a. Difference-scaling 

For the performance values that contain only quantitative data, difference-scaling methods 

deriving from the distribution of the minimum and maximum values in linear or standard forms 

(e.g. normal distribution or t-distribution) can be applied to derive the strength of preference 

(Booysen, 2002). A score of 0 to 100 is often used, where 0 represents the least preference and 

100 represents the highest preference (Dodgson, Spackman, Pearman, & Phillips, 2009; Sinha & 

Labi, 2007b). The negative performance criteria, such as costs, are converted inversely into the 

scale of preference.  

b. Direct rating 

The direct rating method is a simple method that can be carried out by asking respondents to 

directly assign the strength of preference for each level of performance criterion (Hobbs & Meier, 

2000). In the case of qualitative criteria, a Likert scale representing poor, average and good 

performance can be used (Booysen, 2002). The direct rating method is useful when there is a 

nominal level of performance criteria involved (Sinha & Labi, 2007b).  
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c. Mid-value splitting 

The mid-value splitting method solicits the information from survey respondents to find the 

indifference between changes in levels of performance criterion (Keeney & Raiffa, 1976). The 

decision-makers may be individually asked to find the middle point of performance value (X50), 

where a change from ‘the minimum performance value to this value (X50)’ feels indifferent to the 

change from ‘this value (X50) to the maximum performance value’. Then again, the X25 and X75 can 

be found using a similar technique. A consistency check can be done by asking whether the 

decision-makers have equal satisfaction when the performance changes ‘from X25 to X50’ and 

‘from X50 to X75’. Otherwise, the respondents are asked to restart the process. This method is 

useful when the performance criteria have a large domain of possible levels.  

d. Regression analysis 

The statistical regression technique can be employed to determine the weightings when there 

are many respondents who assign the relative importance of the performance criteria. The 

regression analysis seeks to obtain the line of best fit through the observed responses (Hobbs & 

Meier, 2000). This helps to construct the overall value function that incorporates the 

performance value and the relative weights along the process.  

3.4.3.2 Weighting methods 

Weighting methods are applied to initiate the values for the qualitative measures and help to 

identify the importance among different criteria. There are many approaches to establishing the 

weights, such as equal weighting, direct weighting, Delphi technique, pairwise comparison, and 

the value swinging method (Sinha & Labi, 2007b). 

a. Equal weighting 

Equal weighting is the simplest form of weighting method. It allocates equal weight to all criteria 

for the assessment. It is useful when the criteria involve similar unit of measurement such as 

costs. However, it does not incorporate the relative importance among criteria.  

b. Direct weighting 

The direct weighting method asks decision-makers to directly assign the weight to the 

performance criteria. It can be done either by allocating a number of points (e.g. 100) in 

proportion to the relative importance of the criteria or by ranking the importance of the 

performance criteria (Dodgson et al., 2009).  

c. Delphi technique 

Delphi technique is a group decision-making tool that allows the decision-makers to amend their 

decisions to reach a group consensus (Dalkey & Helmer, 1963). The process starts by asking the 



Chapter 3: Road planning and prioritisation 

92 

respondents to individually assign scores to the decision criteria. Then the group results are 

summarised and returned to the respondents for further adjustment. The process runs iteratively 

until there is no change in scores. Finally, the relative weights are identified from the averaged 

final scores.  

d. Pairwise comparison 

Pairwise comparison weighting is identified by using expert judgments, which can be enhanced 

by employing the Analytical Hierarchy Process (AHP) to assist the creation of consistent 

weightings (Booysen, 2002; Saaty, 2004).  

e. Value swinging 

The value swinging method helps the decision-maker to determine the relative importance of the 

criteria by hypothetically assigning the worst value to all criteria (Goicoechea, Hansen, & 

Duckstein, 1982). Then, the decision-makers can choose the criterion that is most preferred when 

the value swings from the worst to the best. This process repeats until all criteria are chosen. 

Finally, the highest weight is assigned to the most important criteria and then weights are 

assigned to the remaining criteria for the relative proportion of importance. 

3.4.3.3 Combination of performance criteria 

The combination of scaling and weighting for appraisal is often referred to as the compensatory 

MCA technique (Dodgson et al., 2009). This is because solutions usually do not completely 

outperform (i.e. dominate) each other in every performance aspect. Hence, Pareto optimality, 

where the best solution has to compensate for the less desirable level of one performance 

criterion with a more desirable level on some other criterion, must be allowed (Sinha & Labi, 

2007b).  

Performance measures are generally bundled up together, covering multiple dimensions or goal 

areas such as mode of transportation, road asset condition, or aspects of concern (e.g. economic, 

environmental, safety, efficiency, etc.) into a single measure, called the performance index 

(Cambridge Systematics, 2000). The performance index can help planners and decision-makers 

to reduce the complexity and volume of data used for factoring into a specific decision.  

3.4.4. Prioritisation for attention 

Priority setting is done by ranking the overall degree of the problem. Attention is given to the top 

of the list in descending order until the funding limit is reached (Sinha & Labi, 2007a). While 

quantitative tools are available for prioritisation, decisions are usually linked to a funding 

allocation policy. Many transport authorities use nontechnical criteria for the prioritisation. Part 
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of the attention is based on political considerations such as to satisfy prior commitments, 

statutory requirements, or legislative mandates (Sinha & Labi, 2007a; Van de Walle, 2002).  

Various forms of scale are used to determine the priority of the problem in transport investment, 

such as star ratings and a red/amber/green (RAG) index. 

a. Star rating 

Using stars is one of the most universal ratings systems that can be easily understood. Star ratings 

have been made famous by their use in the hotel industry. It creates expectations among visitors 

in terms of how well the hotel can facilitate their requirements. A 3-star hotel may have a 

restaurant, gym facilities, a spacious lobby, and a conference room. However, a 4-star hotel will 

have a bar, multiple swimming pools, lounge, spas, gym, fitness centre, concierge service, 

extensive business facilities, various restaurants and valet parking6. Recently, the star rating has 

been used in online marketing to create impressions for customers who have multiple products 

to compare. A product with 4-5 stars with a high number of positive reviews gives a good 

impression to potential customers, thereby resulting in increased sales.  

As evidenced from both examples, however, it shows that the expectations for the star ratings 

vary from business to business. This means that interpretation of expectations has to be clearly 

defined when using star rating for transport performance measurement.  

b. Red/amber/green (RAG) 

RAG scale is another popular type of rating system. It is more widely used in professional settings 

such as project management reports. The three colours clearly distinguish the current situation 

of a project7. Normally, green means that a project is going well. Amber warns the management 

to be attentive as there may be potential risks to the issues. Red shows that a problem is arising, 

which alerts the project manager to resolve the issue. Different levels of performance thresholds 

may be used to identify the cutting points of the three levels of performance. These thresholds 

are derived from the specific targets set out by the planner. 

c. Level of service (LOS) 

Level of Service (LOS) is an index that indicates the quality of service of network operations, 

displayed from A (the best) to F (the worst) based on the perceived service conditions from 

different road users (TRB, 2010). The advantage of LOS is that it provides non-technical language, 

 
6 https://tutorcruncher.com/tutoring-online/star-rating-remains-the-most-important-part-of-a-review/ accessed 
16/12/2019 
7 https://pmtips.net/article/what-does-rag-status-mean accessed 16/12/2019 

https://tutorcruncher.com/tutoring-online/star-rating-remains-the-most-important-part-of-a-review/
https://pmtips.net/article/what-does-rag-status-mean
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which enables a wide range of stakeholders to engage in network operation planning (Austroads, 

2015). 

3.4.5. Practical usage for different prioritisation methods 

a. iRAP star ratings 

iRAP star ratings are a simple and objective measure for the level of safety provided by the road 

infrastructure. It measures safety levels for each road user type based on crash studies from 

around the world. The number of stars can be used as a performance indicator to demonstrate 

the reduction in risk after a project. Figure 3-7 provides an example of the measures that indicate 

the different star ratings used by iRAP8. 

 

Source: https://www.irap.org/3-star-or-better/ 

Figure 3-7: iRAP star ratings for roads 

b. Comparison of road deaths in European countries 

The European Transport Safety Council (ETSC) set a target for the number of road deaths for its 

28 European member countries in 2020 to be half the number in 2010. The number of each 

country can be represented by the percentage of reduction/increment from the baseline year in 

2010. An example of road safety performance in 2018 is shown in Figure 3-8. 

 
8 https://www.irap.org/3-star-or-better/ accessed 17/12/2019 

https://www.irap.org/3-star-or-better/
https://www.irap.org/3-star-or-better/
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Source: ETSC (2018) 

Figure 3-8: Relative changes in percentage of road deaths among 28 EU member countries between 2010 and 2017 

c. Performance measurement of highway structures 

The use of performance indicators to identify and prioritise the problem is prevalent in the 

technical field. It has been applied by the Highways Agency to diagnose the condition of highway 

structures such as bridges and culverts, retaining walls, tunnels, signs, and high masts (Atkins, 

2007).  

Although the ratings for the structure condition have been developed externally in separate 

systems, they have been translated into the same scale of 0-100 with criteria for the average (PIAv) 

and critical (PICrit) conditions, as described in Table 3-3.  

Table 3-3: Description of the structural condition scale used by the Highways Agency 

 

Source: Table 19 in Atkins (2007) 
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The resulting scores for all elements could be presented in the histogram to give a general feeling 

of how well highway structures perform, as illustrated in Figure 3-9. Detailed condition per type 

of structure could also be presented using a stacked bar graph, as shown in Figure 3-10. 

 
Source: Figure in Atkins (2007) 

Figure 3-9: Histogram used to indicate the overall distribution of condition score for highway structures 

 

 

Source: Figure 8 in Atkins (2007) 

Figure 3-10: Stacked bar graph used to illustrate detailed categories of condition for each type of highway structure 

d. Transport for Buckinghamshire 

Transport for Buckinghamshire (2016) employed RAG ratings for road condition as a part of the 

information for prioritising the road maintenance scheme based on the Value for Money (VfM) 
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method. Prioritisation takes into account the various treatment options such as resurfacing, 

surface dressing, microsurfacing, plane and patch, and jointing. In addition to the road condition 

data, other factors have also been incorporated for the prioritisation method, including hierarchy, 

requests from the public, reactive spending, insurance claims, and safety (skidding resistance). 

Prioritisation identifies the roads that need funding for different types of schemes. For example, 

the location of a road that needs carriageway surfacing treatment using different methods is 

shown in the map illustrated in Figure 3-11. 

 

Source: Transport for Buckinghamshire 

Figure 3-11: Locations of the prioritised roads for surfacing treatment in Buckinghamshire 
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e. Corridor assessment (RAG) 

In the selection process, the performance criteria have to be selected to measure the gap of the 

corridors. The performance of the network from the baseline and the predicted future conditions 

can be compared to each other in order to estimate the size of the gaps. For example, the case 

of the Highways England’s A27 corridor performance gaps identification shown in Box 3-2 

identified a set of performance conditions in the existing terms, while the traffic conditions can 

be forecasted into the future.  

Box 3-2: A27 corridor performance gaps analysis (Highways Agency, 2015a) 

Along with the policy considerations and environmental conditions, 6 types of performance measures, 

calculated from the various studies data in the area, were used to identify the current travel conditions along 

the A27 corridor. This includes carriageway standard, on-time reliability measure, the ratio of flow to link 

capacity, vehicles delay, the average speed at peak times, and total casualties per billion vehicle-miles. The 

bands of colour ratings are used to indicate the travel conditions in each aspect on both directions of road 

segments along the corridor, as shown in Figure 3-12.  

Future travel conditions were predicted from the land-use and traffic impacts models that take into account 

the developments in the vicinity of: ‘do minimum’ transport infrastructure improvements; planned growth of 

the jobs, housing and office space projected from the strategic economic plans and the local authority 

aspirations; and the additional job creations from the planned Gatwick Airport expansion. The results of the 

traffic prediction were shown in the ratio of flow to link capacity comparing the baseline year with the future 

years of 2021 and 2031.  Comparisons of the baseline and future travel conditions showed that there was a 

mismatch between policy ambition and the route performance in the future. This indicated the need for 

intervention. 
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Source: Highways Agency (2015a) 

Figure 3-12: Current performance of the A27 corridor  
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f. Network operation performance (LOS) 

Austroads (2015) developed level of service ratings (LOS) that combine various aspects of 

performance measures for the measurement of network operation performance in terms of 

mobility, safety, access, information, and amenity. One of the indicators is delays. As exemplified 

in Table 3-4, the LOS of operational delays is perceived as the stopping time thresholds according 

to the different types of users.  

Table 3-4: Examples of the delays LOS perceived by different road users in the Christchurch NOP  

 

Source: Austroads (2015) 

3.4.6. Later stages 

After the initial stages of performance measurement have been completed, to identify the 

existing road performance and any gaps, the planners/engineers can later use this information to 

create options for solutions and determine the one that generate the highest net positive impact 

in an appraisal process. Subsequently, the programme for action is developed based on these 

outcomes, before being monitored and evaluated to assess the outcome. 

3.4.6.1 Options generation 

The options generation stage is intended to generate all relevant options and scenarios for the 

intervention. It is a brainstorming stage in which the options can be identified from various 

sources such as previous studies, current on-going studies, stakeholder engagement, other 

research and expert inputs (Garber & Hoel, 2009; Highways Agency, 2015b).  

Development in the different funding possibilities on various modes of transport including non-road 

investment or non-infrastructure provision strategies could be considered for the generation of 

scenarios (DfT, 2014b; Parkin & Sharma, 1999). The options that do not provide a complete solution 

to the problem can be chosen in case they can add value to the other options when combined (DfT, 

2014b). The ‘do-nothing’ or ‘do-minimum’ scenario is also included in the list of options in order to 

provide a baseline comparison against the generated options (European Commission, 2008).   
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3.4.6.2 Appraisal  

Appraisal is a primarily desk-based exercise to filter down the options and assess the impact of 

potential solutions (DfT, 2014b). The assessment of options usually occurs in two phases: the long 

list of identified options are initially sifted through a shortlist with some qualitative criteria before 

using a more rigorous assessment method to rank and select the preferred options (European 

Commission, 2008). Filtering the options using this process provides a cost-effective way to rapidly 

screen out the options that are unlikely to pass the detailed appraisal before focusing resources on 

a rigorous assessment of the solutions that have a reasonable chance of success (ATAP, 2016).  

In the detailed appraisal, the economic, financial and environmental assessments are the areas 

of focus (Parkin & Sharma, 1999). There are two general approaches to appraisal. The first 

approach involves using the cost-benefit analysis (CBA) framework (see for example: Banister & 

Berechman, 2000; Garber & Hoel, 2009; H. Jones, Moura, & Domingos, 2014; Parkin & Sharma, 

1999; TRL, 2005). The second approach is to use the multi-criteria analysis (MCA) framework 

(Bana e Costa, 1992; Dodgson et al., 2009).  

3.4.6.3 Programme development 

Mathematical programming is usually employed for the technical allocation of resources. It aims 

to maximise the total benefits of selecting schemes subject to various constraints (Sinha & 

Muthusubramanyam, 1981). There can be different circumstances that determine the allocation 

of funding. Part of it is based on political considerations to satisfy prior commitments, statutory 

requirements, or legislative mandates (Sinha & Labi, 2007a; Van de Walle, 2002).  

3.4.6.4 Monitoring and evaluation 

Establishing consistent performance monitoring is the key to successful transportation planning. 

Performance monitoring provides an essential feedback loop to the policy directions for scheme 

planning. It helps to track the delivery progress in terms of existing performance, costs and 

benefits, as well as execution times (Sinha & Labi, 2007a). This helps the road authority to alter 

the road investment schedule and budget accordingly. 

3.5. Evaluating the suitable performance measurement methods for Link & Place 

This section investigates the performance measurement methods compatible with the Link & 

Place framework, starting from exploring Link & Place's core methodology. The different 

performance measurement modules explored earlier are then analysed for their strengths and 

weaknesses in applying with the Link & Place. 
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3.5.1. Link & Place performance measurement framework 

The 'Link and Place' performance measurement method can be used to identify road sections 

with a performance gap. The process starts with designating the city areas into different place 

status based on the levels of land use activities (P. Jones et al., 2007). Afterwards, the intended 

road link statuses are identified from the existing map, starting from the highest level to the 

lowest level, and boosting the link statuses by overlaying the priority mode routes (e.g. public 

transport routes, cycle routes). Subsequently, the link and place levels or roads are updated for 

each major intersection segment. Box 3-3 highlight the implications of the link and place approach 

to identify the priorities of the problems based on the link and place guidebook. 

Box 3-3: Link and place approach for prioritisation of the problems 
 

Step 1: Selection and scaling the performance indicators 
  

Normally, the road authority may have a specific set of indicators that can determine the performance of the 

road network. These could be selected for assessment of the road performance gaps. It is recommended 

that these indicators should be assessed for the overarching themes, which are called the ‘strategic 

performance indicators’ (SPIs). The number of SPIs should be between 8 and 12 with an equal balance 

between the link and place aspects.  
 

Each indicator may have its own measurement unit, which may not be ready for comparison to others. Thus, 

the selected performance indicators are normalised into the same scale. It is suggested that the range of 

scale should not be greater than 10. The non-linear scales can be employed, such as the level of service. 

These indicators can be aggregated into each SPI, weighting by the importance of the indicators, or select 

the worst performance as a representative of the issue in the SPI (see Table 3-5). 
 

Table 3-5: Example of SPI weighting criteria (adapted from P. Jones et al., 2007) 
 

Theme Aggregation weights Performance indicator 

Buses 35% 

45% 

20% 

Bus Journey time 

Bus journey time variability 

Bus stop provision 

Cycling Worst 

Worst 

Cycling conditions 

Cycle safety 

Freight and servicing 75% 

25% 

Freight delay 

Freight delay variability 

General traffic 75% 

25% 

Traffic delay 

Traffic delay variability 

Accessibility 40% 

40% 

20% 

Accessibility of crossings 

DDA compliance at bus stop locations 

Public transport accessibility level 

Loading 100% Loading violations 

Parking 100% Parking violations 

Urban realm 85% 

15% 

Urban realm assessment 

Vertical elements (clutter) 

Environment Worst 

Worst 

Worst 

Air quality 

Greenhouse gases 

Noise 

Pedestrians Worst 

Worst 

Worst 

Condition of the pedestrian environment 

Corridor permeability 

Pedestrian safety 

Safety 100% Road safety 
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Step 2: Establish acceptability thresholds and ranges 
 

Each SPI has its acceptability performance level that proves satisfactory for usage. The indication of 

acceptability level can be a certain performance threshold level or a range of satisfaction degree (e.g., good, 

average, poor), as shown in Figure 3-13. For a more sensitive assessment, each link and place level may 

constitute different acceptability points. Once all the performance levels are measured, it is possible to show 

the colour-coded performance profile in different road segments, as illustrated in Figure 3-14. The 

acceptability points for each type of SPI can be found from the national or international standards, targets 

in the strategic plans, stakeholder attitude surveys, current benchmarking practices, and expert opinions.  

 
Figure 3-13: Example of the acceptable performance levels for different SPIs (adapted from Jones et al., 2007) 

 

 
Figure 3-14: Example of colour-coded performance profile in each road segment (adapted from Jones et al., 2007) 

 

Step 3: Determine the degree of the problem 
 

The degree of the problem can be determined by the gap of the score below the threshold levels weighted 

by the importance degree. While the importance degree is affected by the type of road, policy priorities, the 

number of street users affected, or future usage plan, the Link and Place Guide used Link and Place status 

levels as the primary weighting. The corresponding Link and Place status weightings use to weight the Link- 

and Place-related SPIs, respectively. The priorities can be calculated, increasing in sophistication, by (i) 

counting the total number of performance indicators that are below the threshold level, (ii) taking the 

summation of the total gap values below the acceptable thresholds, or (iii) summing up the weighted degree 

of the problem for all performance indicators based on the link and place weighting. 
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The primary strength of the Link & Place performance measurement framework lies in its 

flexibility to accommodate the different requirements of road uses. However, the current method 

of prioritization is based on the pre-existing indicators that may not be compatible in the context 

of global south countries such as Thailand. This means that the method for problem identification 

and prioritisation may need to be adapted to suit their existing institutional capacity.  

3.5.2. Methods recommended for the use in Link & Place framework 

This section aims to identify the strengths and weaknesses of the different performance 

measurement methods presented in this chapter, when applying them within the Link & Place 

framework. Earlier, the performance indicators compatible with the Link & Place framework were 

identified in Table 3-2. This section further assesses the methods that will be useful for measuring 

road performance.  

3.5.2.1 Recommended source of data  

According to section 3.4.1, there can be four primary sources of data that can be used for 

performance measurement: government, stakeholders, asset data and prediction models. This 

section analyses the strengths and weaknesses of collecting and using the data from these 

sources and describes the recommended ways to use them as detailed below. Table 3-6 

summarises the strengths and weaknesses of obtaining and using these data.   

The government data offer highly structured information which could be useful for an overview 

of the country’s situation over time. While government data is available in almost any country, 

the quality of data obtained from official sources may be lower in some countries, especially those 

with limited institutional capacity in the global south. Thus, government data could be used to 

initiate performance measurement objectives in the goal-setting stage.   

Stakeholder data is an alternative way to get road performance information. However, it requires 

a careful deliberation on data collection to get the relevant information. Otherwise, the 

stakeholders may report things that are not relevant to the answer that planners intended to 

convey, or may not be reliable. Much of this information could be irrelevant, but some could 

become vital information for the existing performance measurement gap. Given the strength in 

the data's broader insight, the planners could use stakeholder data to complement the 

government data in developing meaningful performance measurement objectives. 

Collected asset data could be useful to collect in-depth and practical performance data. The data 

collected could be tabulated to suit the nature of road performance measurement, such as on a 

road segment basis. Different jurisdictions may have different set of tools and skills available to 

collect certain types of data. A set of tailor-made data collection forms may be useful to the 
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authority to ensure consistency of date collection in the long run. Thus, this study recommends 

that asset data be the primary source of performance measurement information. 

The prediction data, on the other hand, offers valuable insight that may not be possible to obtain 

from collected asset data alone. However, the prediction models usually require skilled analysts, 

and its quality depends on the quality of input data—both of which are in scarcity in the global 

south countries.  Therefore, the prediction models should be supplementarily used to provide 

additional forecast evidence to the collected data. 

Table 3-6: Strengths and weaknesses of different sources of data used for performance measurement 

Method Strength Weakness Recommendation 

Government - Structured information 
- Easy to obtain 

- Not detailed enough for 
performance 
measurement 

- Useful for goal setting 

Stakeholders - Provide wider insight 
- Low budget 
 

- Need to develop proper 
data collection procedure 

- Result may not be relevant  
- Can be subjective 

- Useful for goal setting 

Collected 
asset data 

- Provide in-depth insight 
- Objective 
- Useful for filtering the 

applicable performance 
measures 

- Need to develop proper 
data collection procedure 

- Primary source of 
data for performance 
measurement 

Prediction 
models 

- Provide in-depth insight 
cannot be achieved in 
other ways 

- Objective 

- Require skilled analyst 
- Quality is subject to the 

input data 

- Supplementary 
information to aid the 
collected asset data  

Source: Author 

3.5.2.2 Recommended method for performance measurement  

Performance measurement involves three main stages in scaling, weighting, and aggregation. 

While these three mechanisms for performance measurement are vital to interpreting results, 

they need to be considered later when the performance indicators suitable for the case study in 

Thailand have been developed. Therefore, this section evaluates an appropriate method to 

identify performance rating. 

Previously in section 3.4.4, there are three methods used for prioritisation by road authorities 

worldwide: star rating; red, amber, and green ratings (RAG); and level of service (LOS). While 

these three methods can indicate different performance levels that allow the comparison of the 

degree of the problem, RAG stands out as the most compatible with the Link & Place framework 

according to the following considerations. 

The first consideration is the clarity to the users. All three methods offer ease of use to the users 

as most users easily understand them. However, the difference is that the star rating and LOS 
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may create unique expectations for different users. For example, one person may interpret that 

anything below five-star is inadequate, while another may consider three-star as the baseline for 

problem indication. The LOS may also confuse non-expert users as different types of road may 

have different thresholds for acceptability. 

On the other hand, RAG performance levels provide a greater clarity in interpreting the 

performance rating, in which red means unacceptable, amber means warning and green means 

acceptable. The second consideration is the flexibility to be applied with Link & Place framework. 

RAG rating provides an additional benefit in terms of the flexibility for representation of the 

different acceptability levels per Link and Place status and land-use types. Therefore, this study 

proposed using RAG rating while considering using star ratings and LOS as the alternatives 

recommended in Table 3-7. However, a more thorough interpretation of the acceptability levels 

between red, amber and green is needed for identification in different contexts.  

Table 3-7: Strengths and weaknesses of different methods to identify the performance rating 

Method Strength Weakness Recommendation 

Star rating - Easy to understand - Different people may 
possess dissimilar 
expectations 

- Use as an alternative 
to RAG 

Red, amber, 
green (RAG) 

- Easy to understand 
- Can be applied in 

accordance with Link & 
Place statuses 

- The interpretations of 
acceptability levels must 
be defined in different 
context 

- Use with Link & Place 
framework 

Level of 
service (LOS) 

- Easy to communicate with 
experts 

- The acceptability level of 
LOS can very according to 
the road status 

- Use as an alternative 
to RAG 

Source: Author 

3.6. Summary 

Transport planning is the process used to objectively realise the problems and find the best 

solutions for intervention. Since many potential problems can be identified and many options 

available to solve such problems, the decision-makers need to start from screening the problem 

areas down to a sizeable number of sites before focusing their effort to appraise the identified 

solution options.  

This chapter focuses on three stages of the transport planning process. The first stage is strategic 

development, which sets out the overall policy goals. The performance measurement identifies 

the performance indicators for the investigation, while problem identification is the process 

where the performance measures based on the existing condition are compared against the 

desirable target to generate priority for attention. In the later stages, the identified problems are 

investigated for options, which are assessed for feasibility in terms of funding. 
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The Link & Place framework can be linked to the performance measurement and problem 

identification stages. Link & Place statuses could indicate different thresholds at which the 

acceptable performance lies. This chapter has evaluated and recommended suitable 

performance measurement methods compatible with the Link & Place framework. Some 

performance indicators were already assessed for compatibility. 

However, given a limited institutional capacity in the global south, the direct application of Link 

& Place framework used in the developed countries may not be applicable. A simpler 

performance measurement method based on Link & Place framework is needed to be developed. 

To get a better picture of how Link & Place framework could be applied to the global south, next 

chapters, 4 and 5, will investigate the existing practices in transport and road planning in Thailand 

as a selected global south case study. The findings in these two chapters will recommend the 

necessary adaptations that will be appropriate for Thailand, later in Part B. 
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 National transport planning framework in Thailand 

National transport planning framework in Thailand 

 

One of this study's main objectives is to understand the existing situations in transport investment 

planning in Thailand, before recommending an improved way forward. This chapter establishes 

the framework for carrying out the background study and reporting the existing national 

transport planning framework in Thailand and related issues.   

4.1. Method for the background study in Thailand 

Since knowledge of road investment and its shortcomings in Thailand is limited, the author has 

carried out a background study to draw out the existing practices and shortcomings, using 

government data aided with the findings from the interviews with government officials who are 

the key stakeholders in road investment planning.  

4.1.1. Sampling of data 

To gather the most relevant information, this study identifies the relevant sampling frame for 

selecting interviewees from authorities that have jurisdictions in transport and road investment.  

The Administrative Organisation of the State Act of 1991 defines three types of administration 

structure: central administration, provincial administration, and local administration (Siriprakob, 

2007). The central administration consists of the Prime Minister’s office, ministries, and 

departments. The provincial administration consists of the provincial and district governments. 

Each district is divided into a number of sub-districts, which consist of several villages. The local 

administration consists of provincial administrative organisations (PAOs), municipalities, and sub-

district administrative organisations (SAOs). Bangkok Metropolitan Administration and Pattaya 

City are two special cases of local administrations that have more ability in terms of funding 

decisions. Figure 4-1 illustrates the administrative structure of Thailand. 
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Source: Sakkayarojkul (2013) 

Figure 4-1: Administrative structure of Thailand 

According to the administrative structure of Thailand, it was found that the authorities who have 

direct involvement in road and transport planning are within the central and local 

administrations. Figure 4-2 shows the structure of selected government authorities involved in 

road and transportation investment planning in Thailand. To clarify the roles of authorities in the 

figure, the stakeholders are categorised into three groups of actors: funders, policymakers, and 

infrastructure providers. These actors will be explained in detail in the subsequent sections. 

 

Source: author 

Figure 4-2: Structure of organisations involved with road and transport investment in Thailand 

Funders 

The first group of actors comprises the funders. Funders are the people in the central government 

who make the decisions for funding allocation of different plans and policies. The relevant 

authorities within the funder group include the Bureau of Budget (BB), who makes decisions for 
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funding allocation of the central government, and the Department of Local Administration (DLA), 

who determines grant funding for local authorities. Funding is also allocated based on the area in 

which the provincial mayor has the authority to allocate funding to the government offices 

situated within the province. 

Policymakers 

The second group of actors is comprised of policymakers. They form the think-tank that 

recommends policies for transport development. There are two main policymakers for 

transportation. The first is the Office of National Economic and Social Development Council 

(NESDC)9, who sets up the goals for the future of national development. The second authority 

involved in policymaking is the Office of Traffic and Transport Planning (OTP), which initiates the 

transport strategy that is implemented by authorities under the Ministry of Transport (MOT). 

Infrastructure providers 

The third group of actors is comprised of road infrastructure providers. There are three 

authorities working across Thailand. The first is the Department of Highways (DOH), which 

provides national road network infrastructure. The second is the Department of Rural Roads 

(DRR), which administers the secondary non-national road network infrastructure. The third is 

the group of Local Government Organisations (LGOs) that are the infrastructure providers in the 

local areas. LGOs work in three sublevels depending on the local jurisdiction (i.e. PAO, MPO and 

SAO). Table 4-1 provides a brief overview of the selected authorities according to the three roles 

mentioned above.  

Table 4-1: Roles of selected government authorities for data collection 

Group of actors Government authorities Roles 

Funders Bureau of Budget (BB) Allocator of fiscal budget to all government 

authorities 

Department of Local Administration (DLA) Allocator of grant funding to LGOs 

Provincial Mayor Allocator of area funding to provincial government 

offices  

Policymakers Office of National Economic and Social 

Development Council (NESDC) 

Primary national policymaker who sets the direction 

of the country development 

Ministry of Transport (MOT) Regulator of the country’s transport infrastructure 

and services 

Office of Transport and Traffic Policy and 

Planning (OTP) 

Think-tank for the Ministry of Transport 

 

Infrastructure 

providers 

 

Department of Highways (DOH) Main provider of the national roads 

Department of Rural Roads (DRR) Main provider of the secondary roads 

Local Government Organisations (LGOs) Providers of the local roads 

Source: author 

 
9 Formerly known as the National Economic and Social Development Board (NESDB); NESDB changed its 
name to NESDC due to government reform in 2019 
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Having identified the authorities involved in transport and road investment, both centrally and 

regionally in Table 4-1, the researcher sent letters to invite the officials within these organisations 

to participate in this study (see example of the letter in Appendix M). The sampling of the 

participants was at the discretion of the authority, as the letters were addressed only to the 

relevant authorities. It is only at the time of interview when the researcher met in-person with 

assigned personnel to conduct the interviews.  

4.1.2. Interview procedure 

Semi-structured interviews with a customised topic guide was selected as the method for primary 

data collection. This interview method is helpful to draw out the wider problems that are not 

explicitly stated when using more structured forms of data collection. 

There were two rounds of interviews. The first round was to collect general data on the problems 

related to road investment planning. The second round was to let the participants give their 

reactions towards the solutions proposed in this thesis. This chapter will describe only the types 

of participants who took part in the first round of interviews. 

Forty-five officials from national policymaking bodies and road practitioners were involved in the 

first round of interview sessions. At the national level, central DRR officials specialising in design, 

planning, construction, and maintenance were interviewed. At the sub-national level, the 

interviews focused further on two regions of Thailand, one in a mountainous region and the other 

in a flat region since the technicalities and costs of roadwork might be affected by the terrain.  

The mountainous terrain in northern Thailand was selected for the first set of interviews. The 

interviews in the north are with the officials of DRR and LGOs in Chiang Mai, Lamphun, and 

Lampang Provinces. This was followed by the second set of interviews in the flat terrain in the 

eastern part of Chonburi, Rayong, Chantaburi and Trat Provinces. The locations of the interviews 

are shown in Figure 4-3.  
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Figure 4-3: Selection of subnational-level interviews in two regions of Thailand based on topography  
(picture source: https://upload.wikimedia.org/wikipedia/commons/e/e3/Thailand_location_map_Topographic.png) 

4.1.3. Ethics consideration  

According to the UCL research ethics committee, interviews with government officials involving 

anonymised records and datasets that exist in the public domain are exempt from the full ethical 

approval procedure. As a precautionary measure, the researcher also consulted with academic 

supervisors to carefully lay out the questions in order to remain clear of any sensitive information 

to prevent an unforeseen violation. The study also got approved from the CEGE Department 

Graduate Tutor at UCL to conduct the study on-field (shown in Appendix M). 

The interviews were carried out with the consent of the government officials. Letters asking for 

interview permission with the list of questions were sent prior to the interview sessions. The 

interview sessions took place at the sites of each authority. At the start of the interviews, the 

respondents were asked to give their consent for the discussion being recorded. Respondents 

were informed their names and titles would be anonymised. They were also advised that they 
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could inform the interviewer if they wanted to prevent the disclosure of any of the information 

that had been recorded. 

4.1.4. Topics for investigation 

The topic guide questions were individually prepared to suit each type of authority selected for 

the interviews, as summarised in Table 4-2. The key topics for the funders included the sources 

of funding, budget allocation, and evaluation of funding effectiveness. The key topics for 

policymakers included the vision of future development, impact assessment and evaluation of 

success, while the key topics for road infrastructure providers included road management 

structure, project selection method and source of funding.  

Table 4-2: Topics for interviews with related authorities in transport and road investment 

Group of actors Government authorities Interview topics 

Funders • Bureau of Budget (BB) 

• Department of Local Administration 

(DLA) 

• Sources of funding on transport infrastructure 

• Method for allocation of budget 

• Method to evaluate the effectiveness of 

investment 

Policymakers • Office of National Economic and Social 

Development Council (NESDC) 

• Office of Transport and Traffic Policy 

and Planning (OTP) 

• Vision of country development in the next 20 

years 

• Method to assess transport investment impact 

• Method to evaluate the success of national plan 

and policy 

Infrastructure 

providers 

• Department of Highways (DOH) 

• Department of Rural Roads (DRR) 

• Local Government Organisations (LGOs) 

• Administrative structure of road management 

• Method of selecting road investment project 

• Sources of funding for roads 

Source: author 

4.1.5. Data analysis method 

Since the aim of the interviews was to complement and enhance the understanding of the 

information found from government data, this study used content analysis as a method to analyse 

the interview data. Content analysis is a data analysis method that describes and quantifies 

specific phenomena from inferences of verbal, visual, or written data (Downe‐Wamboldt, 1992; 

Kohlbacher, 2006). The main advantage of using content analysis is that it could identify broader 

issues related to the official government data, enhancing the understanding of road investment 

planning in Thailand.   

The interview topics were used as the central guides on how the information is coded. At the first 

round of interviews, the researcher manually summarises the information in flashcards and 

rearrange the contents that shared similar context to form the findings in each topic. Later in the 

second round of interviews, a computer software NVivo was used to aid such a lengthy process. 
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4.1.6. Organisation of the result 

Based on the roles of the authorities, the findings from the background study are reported in two 

chapters, as illustrated in Figure 4-4. Chapter 4 discusses the process involved in national 

transport investment planning by funders and policymakers, while Chapter 5 discusses the road 

investment planning process by road infrastructure providers on both national and sub-national 

levels in more detail. 

  

Source: author 

Figure 4-4: Arrangement of background study in two chapters 

4.2. Findings: Funding national transport investment 

In Thailand, the fiscal budgeting process is the primary method for funding government’s 

schemes, including the transportation infrastructure investment. This process starts from the 

sourcing of revenue to the allocation of funds to the different government units for 

implementation.  

4.2.1. Sources of government funding 

Sources of revenue in public finance are categorised into budgeted entities and off-budget 

entities. Budget entities revenue is collected from the goods and services that the government 

provides to the users. Such revenue sources are called the government’s revenue. They come 

from three types of taxes (i.e., revenue tax, excise tax, and tariff), duties, and state commerce 

revenue (the revenue from state-owned enterprises). On the other hand, revenue from off-

budget entities is not collected from the users, but by other means. For instance, the government 

can borrow money from other bodies via loans, issuing bonds or sharing ownership with the 

funders.  
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All budgeted revenue sources are gathered into one pool and allocated to different government 

units by the Bureau of Budget (BB). Tax earmarking, which is revenue kept from a specific activity 

to be used for a specific investment, is not currently practised in Thailand. The off-budget revenue 

sources are sourced and allocated project-by-project by the Public Debt Management Office 

(PDMO). PDMO also has the ability to do a deficit financing loan to balance out the country’s 

deficit resulting from a deficit budget policy. Figure 4-5 illustrates the sources of national revenue. 

 

Source: transcribed from an interview session with an interviewee from the Bureau of Budget  

Figure 4-5: Sources of government's revenues in Thailand 

4.2.2. Transport Infrastructure sources of funding 

Transportation is one of the largest spending parts in the economic sector in Thailand. Based on 

the 2015 fiscal budget document (Bureau of the Budget, 2014), transportation investment 

accounted for 125.3 billion Baht out of 549.9 billion Baht in the economic sector (or 22.8 per 

cent).  

Fiscal budgeting is the primary method of funding for the entire infrastructure. However, in the 

case where a large amount of money is needed, the infrastructure can be funded by domestic 

and international loans. PDMO has the responsibility to approve the loan budget and control it 

within the targeted financial discipline. Alternatively, the revenue from state commerce (i.e. toll 

revenue) can be used to sustain the transport system for revenue-generating projects. Publicly 

sourced funding, such as a public-private partnership (PPP) contract and infrastructure fund10, 

 
10 Infrastructure fund is a financial instrument for raising capital in order to finance infrastructure projects 
that require huge amounts of capital. The fund provides an alternative source of financing for the private 
sector involved in infrastructure projects. The return from the projects will be shared among investors.  
(Source: The Stock Exchange of Thailand https://www.set.or.th/ accessed 08/01/2020)  

https://www.set.or.th/
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could also be used if the project can generate some return on investment to the public, who 

shares ownership.  

An interviewee from OTP stated that the method of financing is restricted by the type of 

infrastructure and the activities. Table 4-3 shows a summary of how each type of funding can be 

used on different kinds of activities for each type of transport infrastructure. It is worth noting 

that the funding source for general roads, which does not have revenue-generating activity, is 

limited to only the fiscal budget. However, a motorway, which is a larger road that collects toll 

revenue from users, can use PPP and infrastructure funding to finance the toll collection system, 

maintenance, and extension. 

Table 4-3: Sources of transport investment funding based on types of transport investment and activities 

 

Source: OTP criteria for financing transport infrastructure project (2014) 

4.2.3. Allocation of the budget 

Since most of the public roads in Thailand, except motorways, are funded by fiscal budget, this 

section focuses on the method of fiscal budget allocation to the transport investment projects. 

The fiscal budget is set up annually based on the annual budget strategy. At the time revenue 

from various sources is gathered centrally as the annual national spending budget, the 

policymaking unit (i.e. NESDC), along with fiscal budget units (i.e. BB), consults the National 

Economic and Social Development Plan and the Country Strategy to create the annual budget 

strategy. This strategy sets up the goal for the deficit budget or the balanced budget, which 

indicates where spending should be focused and how much will be allocated to each government 

unit. 

The interviewee from BB suggested that, ideally, the principle of the budget allocation should be 

based on the priorities of the implementer’s role in the strategy. This means that the authorities 

who play a significant role in the country strategy will get more funding. However, in practice, the 

annual budget has to be allocated based on a yearly incremental basis, which is based on the 

previous year’s budget plus (or minus) a little proportion depending on the last year’s spending 

performance. The reason for allocating on an incremental basis is that the government cannot 

Key: 

L = Land expropriation

N = Construction supervision consultant

C = Construction 

S = Railway signaling system

T = Toll collection system

M = Maintenance

X = Extension 

R = Rolling stock

Infrastructure type Fiscal 
Budget

Loans State 
Commerce

PPP Infra. Fund

Metro rail transit L, N C R R -

Rail L, N C, S R R -

Road L, N, C - - - -

Motorway L, N - T, M, X T, M, X

Maritime L, N, C - - - -

Border checkpoints L, N, C - - - -
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abruptly change the amount of money to one unit as it may result in decreasing the quality of 

service it provides. Therefore, setting a goal of budget allocation with a strategic role in mind and 

fine-tuning with the incremental amount based on the previous year’s performance is the 

method currently employed for fiscal budgeting in Thailand. 

4.2.4. Evaluation of funding effectiveness 

In order to ensure that the money spent is worthwhile, the interviewee from BB stated that the 

3Es principle was used as an assessment method. The first E is ‘economy’, which ensures that the 

government pays a fair price on items bought. For example, the price for road construction is 

competitive to the market value. The second E is ‘efficiency’. The efficiency principle measures 

the quantity of output from productions and services per unit of money spent to ensure it is high 

enough. The third E is ‘effectiveness’, which measures the outcome of the productions and 

services towards the goal of spending. For example, buying medicine is effective if it cures the 

illness. 

These 3Es are incorporated into the key performance indicators (KPIs) of the implementing 

agencies, which will reflect the effectiveness of their business to the general public. While KPIs 

are developed by the implementing agencies, independent central government units will 

evaluate performance using tools such as the ‘balanced scorecard’.  

4.3. Findings: Policymaking in national transport planning 

The NESDC interviewee revealed that policymaking takes three principal policy documents as the 

guide for the country’s investment directions. The first is the National Economic and Social 

Development Plan (NESDC Plan). This is the most important document that steers the country’s 

role and direction. The NESDC Plan is laid out by NESDC. NESDC has been issuing the national 

plans every five years since 1961. The current NESDC Plan is the twelfth plan for the fiscal years 

2017-2021. This plan follows the previous ninth to eleventh plans, which focused on sustainable 

development. According to this plan, the main goal for transport development was to promote 

mode-shifting from road to rail transportation.  

The second document is the Country Strategy. This is a strategy document created by the 

permanent secretaries of all ministries, who envision the role of the Thai government for the 

foreseeable future. The third is the Government Policies from the elected cabinet. Government 

Policies draw out the cabinet’s visions together with the most important plans from the NESDC 

Plan prioritised for practice in the government. 
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The Ministry of Transport (MOT) derives its policies from these three documents as The Ministry 

of Transport Strategy. The departments under the MOT then create master plans as the action 

plans based on the goals set out by the MOT. Transport investment projects are drawn from the 

master plans and action plans of each implementing department. In the past, there was only a 

top-down chain of command from these three policy documents to the implementers. Nowadays, 

the government is more flexible and listens to the master plans of the implementers in order to 

try to incorporate them into the major goals of the national policies.  

4.3.1. Problem identification 

To get the facts about the current transport infrastructure in Thailand, the government takes the 

worldwide view from the outside to comparatively study the current transportation performance 

as well as use the internal data produced by the transport authorities to investigate the detailed 

causes. The following subsections describe the transport problems in Thailand, as identified from 

national policymakers. 

4.3.1.1. Connectivity 

Thailand has a good strategic location for connecting all 10 Southeast Asian countries11. Thailand 

has land border connecting with Laos, Cambodia, Myanmar and Malaysia. There are 42 road 

border checkpoints, nine of which are major checkpoints which have high potential for trade. 

Combined with its highly-developed Laem Chabang and Bangkok ports on the eastern coastline, 

Thailand can easily connect the majority of Southeast Asian countries. The emergence of the 

ASEAN Economic Community (AEC)12 in 2015 provided an opportunity for Thailand to become the 

regional commercial centre. The aim of the AEC is to create regional economic integration as a 

single market and production base (ASEAN, 2008). These factors give advantage for Thailand to 

be the centre to facilitating the movement of goods and people in the region. 

The NESDC interviewee stated that the Thai economy is highly production dependent at present, 

which has been matured and has no longer created substantial growth. NESDC envisioned that 

Thailand will shift its role from a production-based to commercial-based economy with a role as 

the commercial hub in the Southeast Asia region. To become the region’s commercial hub, 

Thailand has to provide good transport infrastructure to facilitate door-to-door services.  

The government identified that there are two bottlenecks for the connectivity: at the border and 

domestic linkages. To improve border connectivity, OTP plans to establish special economic zones 

 
11 Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam 
12 AEC is the economic cooperation of the countries in the Association of the Southeast Asian Nations 
(ASEAN) 
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along the high potential border checkpoints. It is expected that such improvement will 

substantially increase cross-border trades. To improve the connectivity domestically, NESDC 

suggested that the missing link and bottleneck of the transportation network must be resolved.  

A high-level assessment of bottleneck problem could be done by looking at the origins and 

destinations (O-Ds) for the goods to be distributed. The main assumption for the analysis 

concerns production activity. It is mainly based on the understanding that, if there are 

productions, there must be channels to distribute them into the market. A missing link can be 

identified at the location where there is no channel to distribute the goods in a certain O-D, or, if 

the O-D has lower capacity than potential flow, there is a bottleneck. To improve the performance 

on that O-D, an upgrade that increases the distribution capacity is needed.  

4.3.1.2. Logistics cost 

The policymakers from OTP stated that the main problem for Thailand transportation efficiency 

was the high logistics costs, which tend to inhibit growth in the market and reduce the 

competitiveness of the country in terms of trade and economic development. As illustrated in 

Figure 4-6, Logistics costs comprise three main contributors: transportation cost, warehousing 

cost and administration cost. While Thailand’s logistics costs per GDP have improved slowly from 

15.1% in 2009 to 13.4% in 2018, the sources of cost reduction have been in warehousing and 

administration. Transportation cost, which makes up the largest share of total logistics costs, 

remains stable at 7%. This may indicate that recent investment in transport has yet to produce 

substantial improvement in terms of logistics competitiveness.  

 

Source: Thailand’s Logistics Report 2018, NESDC (2018) 

Figure 4-6: Historical trend of Thailand’s logistics costs per GDP 

Administration cost Total logistics costs

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
(predicted)

Unit: percentage of total GDP
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According to the information from the policymaker respondents, the major reason for the high 

transportation cost is that, for many decades, Thailand has been focused on transport provision 

for road infrastructure. As seen in Figure 4-7, the road has been dominated as the main 

transportation mode for more than 87% of all freight volume. It has the second-most expensive 

cost per ton-kilometre after air. The other inland transport modes such as rail and waterways 

have not been widely used because they have not been properly maintained or developed.  

 

Source: OTP (2014) 

Figure 4-7: Proportions of movement volume by modes and their costs in Thailand 

4.3.1.3. Safety 

A high accident rate is another pressing concern among transport planners in Thailand. Various 

sources of news13 have reported that the roads in Thailand are among the worst in terms of death 

statistics. While the government has set a target for reducing the number of deaths to 664 people 

in 2020, it seemed to be quite distant from the reality of the situation. The WHO’s Global status 

report on road safety 201814 reported a summary of the annual number of deaths from road 

accidents in Thailand, which stood at 21,745 people. Comparing the number of road accidents 

per 100,000 inhabitants, the number of deaths in Thailand is at 32.7 people. This figure is among 

the worst in terms of road accidents in countries of the world. Kitamura, Hayashi, & Yagi (2018) 

reported that the number of deaths from road accidents in Thailand is the highest among 

motorcyclists at 72.8% when compared with other modes, as illustrated in Figure 4-8. 

 
13 See for example: https://www.independent.co.uk/news/long_reads/thailand-roads-deadly-traffic-
accidents-class-inequality-a9071696.html, https://www.nytimes.com/2019/08/19/world/asia/thailand-
inequality-road-fatalities.html, https://www.bbc.com/news/world-asia-38660283 (accessed 09/01/2020) 
14 Online report is available at 
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en/ (accessed 09/01/2020) 

https://www.independent.co.uk/news/long_reads/thailand-roads-deadly-traffic-accidents-class-inequality-a9071696.html
https://www.independent.co.uk/news/long_reads/thailand-roads-deadly-traffic-accidents-class-inequality-a9071696.html
https://www.nytimes.com/2019/08/19/world/asia/thailand-inequality-road-fatalities.html
https://www.nytimes.com/2019/08/19/world/asia/thailand-inequality-road-fatalities.html
https://www.bbc.com/news/world-asia-38660283
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en/
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Source: Figure 6 in Kitamura et al. (2018) 

Figure 4-8: Percentages of road fatalities by modes in Southeast Asian countries 

4.3.1.4. Environmental impact 

Increased levels of greenhouse gases (GHG) produced by human activities have been linked with 

climate change, which gradually produces increasing negative consequences on society in 

general. According to the Second Biennial Update Report of Thailand by the Office of Natural 

Resources and Environmental Policy and Planning (ONEP) in 2017 using data from 2013, total 

GHG emissions were estimated at 318,662 Giga grams of carbon dioxide equivalent (GgCO2e), as 

illustrated in Figure 4-9. It can be observed that the transport sector, listed under the energy 

sector, produced the second-highest amount of GHG at 61,175 GgCO2e.  

Thailand Greenhouse Gas Management Organisation (TGO)15 produced an analysis on the 

emissions of GHG for all four modes of transportation (i.e. road, rail, waterways, and air) and 

found that, in Thailand, the road produced the largest share of GHG emissions, accounting for 

almost an equal amount as the emissions of all other modes combined at 97.59%. 

 
15 http://conference.tgo.or.th/download/tgo_or_th/Article/2016/Article_GHG_Emissions_TransportSector_Final.pdf 
(accessed 09/01/2020) 

http://conference.tgo.or.th/download/tgo_or_th/Article/2016/Article_GHG_Emissions_TransportSector_Final.pdf
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Source:  OTP (2019) using data from ONEP (2017) 

Figure 4-9: Breakdown of total GHG emissions in Thailand (2013) 

ONEP projected that the levels of GHG would continue to increase at an average rate of 2.8 per 

cent per annum. Based on the business-as-usual scenario, it is projected that the total GHG 

emissions in Thailand will be at 555,000 GgCO2e by 2030. This increase will be largely due to the 

growth of GHG produced by the energy sector, as illustrated in Figure 4-10. It has been reported 

by the Intergovernmental Panel on Climate Change (IPCC) that GHG emissions from the transport 

sector will continue to increase at a faster rate than emissions from other sources within the 

energy sector, due in large part to the continuing growth of passenger and freight activity  

(Edenhofer, 2015).  

 

Source: author’s modification from OTP (2019)  

Figure 4-10: Projected trend of GHG emissions in Thailand up to the year 2030 

4.3.1.5. International index on country’s competitiveness 

The need for transport investment is also supported by the data produced by international 

organisations such as the World Economic Forum, which produces an annual report on global 

competitiveness. The report ranks the relative competitiveness of the country among its peers 
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using multiple indicators. One of the indicators is transport performance. As illustrated in Figure 

4-11, the historical trends in the quality of infrastructure for three main transportation modes 

indicate the declining quality of transport infrastructure of Thailand, which pressures the 

government to focus on transport investment to improve its long-term competitiveness.  

 

Source: Author’s reproduction of ranking trends based on the World Economic Forum’s Global Competitiveness Reports (2009-2019) 

Figure 4-11: Global indices to compare transport infrastructure rankings 

4.3.2. Scheme development 

According to the problem of high logistics costs, the NESDC and OTP interviewees’ vision involves 

Thailand encouraging a mode shift to other cost-effective modes. The Ministry of Transport 

(MOT) has gathered transport investment projects from transport authorities under the MOT. In 

2018, the Thai government proposed a mega-transport investment scheme called “One 

Transport for All”. The scheme consists of a 20-year plan for coordinated development of 

strategic transportation networks such as dual-track railway construction, high-speed railway 

construction, motorway construction, ports and airports development.  

As the initial projects gathered require larger amounts of funding than it would be possible to do, 

OTP set the criteria to select the most important projects for investment which are: (i) relevant 

to government policy, (ii) flagship projects for the national development, (iii) urgent and essential 

projects, (iv) approved or suggested by accredited group of committees.  

Table 4-4 summarises the total funding required for the development under this plan over the 

timeframe of 20 years. The total amount of funding required is over 3 trillion baht (96 billion USD). 
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Indications are that the focus is on rail transport development, with almost 90% of the total 

funding being geared toward investment in various forms of rail transport.  

Table 4-4: Proposed transport development plan under the “One Transport for All” scheme 

Development phase 
Total investment budget by mode (in billions of baht) 

Rail Road Marine Aviation Total 

First phase (2018-2022) 1,506  94  10  105  1,714  

Second phase (2023-2027) 527  81  23  6  637  

Third Phase (2028-2032) 375  39  3  2  418  

Fourth Phase (2033-2037) 292  26  -    -    318  

Total 2,700 240 35 113 3,088 

Source: Translated from OTP study on transit-oriented development (2018)  

4.3.3. Economic development of places 

Shifting focus towards rail transport has enabled place development throughout the country. The 

effects of such development could result in trade improvement, increased productivity, and 

quality of living improvement. There are three stellar schemes on place development that are 

focused on different objectives, as follows.  

4.3.3.1. Special Economic Zones (SEZs) 

Special Economic Zones (SEZs) are defined as those areas the government has specifically 

designated to attract investment from the public, create jobs and boost exports. In return, the 

government provides infrastructure support and incentives such as fiscal incentives, as well as 

relief from customs duties and tariffs. The development of SEZs is also distributed into rural areas, 

where it can reduce inequality, improve the quality of lives, and increase political stability. 

The Thai government identified that there are five areas that have the potential for international 

trade activities, comprising the cities of Mae Sot, Songkhla, Mukdahan, Sa Kaeo and Trat. 

According to data from NESDB16 in 2015, the planned budget for the development of the SEZs is 

at 10.4 billion baht (USD 337 million). The proposed investment is categorised into transport, 

customs and border, industry and other infrastructure.  

4.3.3.2. Eastern Economic Corridor (EEC) 

Chachoengsao, Chonburi and Rayong Provinces have been designated for the development of 

the Eastern Economic Corridor (EEC), a pilot project for the economic development of Thailand’s 

Eastern Seaboard. The government has launched measures to support and accelerate the 

economic growth in the EEC. There are various large-scale projects with the total budget of 1.6 

 
16 Presentation document on Special Economic Zones development in Thailand by NESDB on 10 April 2015 [In Thai: การ
พฒันาเขตเศรษฐกิจพิเศษของไทย] 
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trillion baht (USD 47 billion) proposed for the development of the areas covered in the EEC, such 

as to develop public utilities, transportation systems, logistics, human resources, and investor 

facilitation. The government has envisioned that the EEC will grow into a modern metropolitan, 

a hub of trade and investment, a centre for regional transportation and logistics, a significant 

source for human resources, and tourist attractions, as illustrated in Figure 4-12. 

 

Source: National News Bureau of Thailand
17

 

Figure 4-12: Proposed development schemes under the EEC plan 

4.3.3.3. Smart City initiatives 

The Smart City is a solution to create public space that is sustainable and more liveable, 

particularly for people who already have access to public services. Thus, the initiation of the Smart 

City solution often relies upon access to public transportation. The success of the Smart City 

initiative requires a sustainable source of funding, which often hinges on participation between 

the government and private investors. 

Having addressed the local problems that could not be solved by the government’s centralised 

funding system, business leaders in the larger cities within Thailand formed a non-profit private 

company to initiate decentralised solutions that are aimed at efficiently tackling specific day-to-

day problems (Taweesaengsakulthai, Laochankham, Kamnuansilpa, & Wongthanavasu, 2019). 

There have been three major cities that have received private cooperation to establish the City 

Development Companies: Khon Kaen, Chiang Mai and Phuket. The primary solutions in these 

 
17 Retrieved from https://www.thailand-business-news.com/business/72095-four-major-eec-
infrastructure-projects-reviewed.html (accessed 11/02/2020) 

https://www.thailand-business-news.com/business/72095-four-major-eec-infrastructure-projects-reviewed.html
https://www.thailand-business-news.com/business/72095-four-major-eec-infrastructure-projects-reviewed.html
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cities involve the development of local public transit systems, such as light rail trains and bus 

services, before providing additional IT-based solutions to meet certain goals in providing 

meaningful socio-cultural space for public interaction. 

4.3.3.4. Summary of current place-based development 

The locations of the three place-based development exemplified were matched with the 20-year 

“One Transport for All” plan, as illustrated in Figure 4-13. It shows that the national strategy for 

mode-shifting has enabled place-based development all over the country. 

 

Source: Translated and annotated using a figure from OTP study on transit-oriented development 
18

 (2018)  

Figure 4-13: Locations of Place-based Development Plan matched with 20-year One Transport for All Plan (2018-2037) 

 
18 Retrieved from http://www.otp.go.th/uploads/tiny_uploads/PDF/2562-01/25620214-TODDr.PairinFinal.pdf 

(accessed 11/02/2020) [In Thai: โครงการศกึษาพฒันาเมืองกบัระบบโครงสรา้งพืน้ฐานดา้นคมนาคมขนสง่ (TOD)] 
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4.4. Summary 

This chapter is a part of the background study, which aims to gain better understanding of the 

underlying transport and road investment planning process as well as problems in Thailand. It is 

focused on the national transport investment planning process, which involves two main actors: 

funders and policymakers.  

The primary source of funding for road investment is the fiscal budget. However, motorways can 

be funded using revenue generated from road users as they are larger roads intended for 

significant motor vehicle travel.  

The policymakers identified that the current problems in Thailand national transport lie within its 

reliance on the road, which results in problems in terms of logistics efficiency and safety in 

addition to creating increased negative repercussions for the environment. According to their 

analysis, the focus on transport planning in Thailand must be shifted towards more sustainable 

modes such as rail and non-motorization. With recommendations from the government, a 20-

year plan on national transportation development focusing on rail investment has been 

proposed. This proposal allows various place-based developments to become feasible all over the 

country. 

The next chapter will discuss how the road planning in Thailand is carried out and the underlying 

problems experienced by the three main road infrastructure providers, comprising the 

Department of Highways (DOH), Department of Rural Roads (DRR) and Local Government 

Organisations (LGOs). 
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Road planning framework in Thailand 

 

This chapter summarises the results from the detailed interview sessions with national and  

sub-national government officials involved in road infrastructure provision, as outlined in Chapter 4. 

A detailed summary of interviews with subnational road authorities that is a core material of this 

chapter is provided in Appendix C. Part of the findings was previously discussed in a conference 

paper produced by the author (Paraphantakul, 2015). Additionally, data from web searches and 

legislation were also used to accompany the details of the information collected from the 

interviews. 

The structure of the chapter starts from the description of the road administrative arrangement, 

classification of roads and funding. Afterwards, the chapter further investigates the road 

investment planning process for each authority.  

5.1. Road administrative arrangement in Thailand 

5.1.1. Historical View of Road Development in Thailand 

As recorded in the Department of Highways’ journal (DOH, 2012), the first forty years of road 

development in Thailand faced significant periods of turbulence. Established in 1912 as the 

Department of Ways under the Ministry of Transport, the department had responsibility for canal 

and road development. It was not long before the first change came in 1917, when the 

Department of Ways was transferred to the Department of Railways, which at that time had 

responsibility for both road and railway development. A second change came after the revolution 

in 1932, when the Thai governmental system changed to a constitutional monarchy. As a result, 

the Department of Railways was moved to work with other government authorities from the 

Ministry of Commerce and Ministry of Agriculture. Afterwards, road work was transferred from 

the Department of Railways to the Department of Civil Works under the Ministry of Interior in 

1934. At that time, the organisation of the Department of Civil Works had started to expand into 

the central and regional levels. Later, in 1941, the Department of Civil Works transferred their 

main roads to the Department of Ways under the Ministry of Transport, and subsequently the 

Department of Highways in 1952. Since this change, the main roads in Thailand have been rapidly 

improved in terms of both quantity and quality.  
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While the main roads were transferred to the Department of Highways in 1941, responsibility for 

the smaller roads in rural areas was retained by the Department of Civil Works. As an introduction 

of roads that influenced the economic boom in Southeast Asia during that period, the 

government then established the Accelerated Rural Development Department (ARD) in 1966 

(Notification of the Office of the Prime Minister on Establishing Office of Accelerated Rural 

Development, 1966). ARD had the organisation structure in both the central and regional levels 

and proceeded to rapidly construct and improve the quality of rural roads. In 1999, the Thai 

government began a decentralisation process (The Act on Decentralisation Plan and Procedure 

for the Local Government Organisation, 1999). The local roads centrally managed by both the 

Department of Civil Works and ARD were transferred to the Department of Rural Roads (DRR) 

(Ministerial Regulation on Establishing the Department of Rural Roads, 2002). DRR retained some 

roads that had the potential to become major roads under their responsibility. The rest of the 

roads, around 350,000 km19 (approximately 4/5 of total road length nationwide), belonged to 

local government organisations. These roads were either acquired from the decentralised road 

transfer or were built by them.  

The report on local road master plan phase 3 (DRR, 2011) stated that the roads transferred to 

LGOs were mostly deteriorated because the local governments could not raise enough money for 

the maintenance of these roads. The LGOs had voiced their opinions that they had been unable 

to maintain the transferred infrastructure, even considered transferring them back to the central 

government. In 2008, the government started to allocate a part of the fiscal budget to aid in the 

cost of maintenance for the infrastructure transferred (Notification of the Committee of the 

Decentralisation of the Local Government Organisation on Decentralisation Plan and Procedure 

for the Local Government Organisation (2nd issue), 2008). The plan was to allocate no more than 

30% of the fiscal budget for funding the LGOs works. As the local roads had been insufficiently 

maintained for almost 9 years, a major problem arose about how to allocate the budget to help 

local governments properly maintain the transferred tasks. Figure 5-1 illustrates the historical 

timeline of the changes for the road authorities and management in Thailand. 

 
19 There is no official information available for the total length of LGO roads. A source from interview has estimated 

the road length around 350,000 km, while the road length counts from the internet open-source road GIS database, 
Open Street Map (OSM) in 2016, had amounted the total of the possible LGO road length of approximately 238,000 
km. 
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Source: author 

Figure 5-1: Timeline of local road development 

5.1.2. Road administration in Thailand 

The Highway Act (2006) stated that there are five classes of road including concession road, 

special road, national road, rural road, and local road. Table 5-1 reveals that these five types of 

roads operate under two different ministries, comprising the Ministry of Transport and Ministry 

of Interior.  

Table 5-1: Road classification and the road authorities 

 

Source: Compiled by the author 

According to data from the Ministry of Transport (2015), DOH owned 68,399 km of road in 

Thailand, while 47,507 km of the road belonged to DRR. More than 350,000 km of local roads 

belong to local government organisations (DRR, 2011). Additionally, there are 207.8 km of 

expressways that belong to the Expressway Authority of Thailand (EXAT), which is a government-

owned state enterprise. 



Chapter 5: Road planning framework in Thailand 

131 

5.1.2.1. Management structure of DOH 

The Department of Highways (DOH) is a central government organisation that specialises in 

national road provision. DOH has approximately 14,000 employees20 working in one central office 

and 102 district offices operating in Bangkok and 76 provinces throughout Thailand (Notification 

of the Ministry of Transport on Designation of the Highway District, 2015). The Director-General 

is the head of the DOH with two operating branches on technical and management. The heads of 

both branches have their delegated tasks for various parts of the organisation. Figure 5-2 shows 

the detailed structure of management under the Department of Highways. 

 

Source: DOH website (www.doh.go.th) 

 

AD = Office of Administrative System 
Development 
IA = Office of Internal Auditor 
SC = Office of Secretary 
FA = Finance and Accounting Division 
PS = Personal Division 
LW = Office of Law 
MD = Office of Medical Service 
PR = Office of Public Relations 
MW = Inter-City Motorway Division 
TR = Training Division 
MA = Bureau of Material Analysis and Inspection 
IC = Bureau of International Highways 
Cooperation 

IT = Information Technology Centre 
PC = Procurement Division 
HC (1-3) = Bureau of Highway Construction 1-3 
ME = Bureau of Mechanical Equipment and 
Communication 
RW = Bureau of Right of Way 
MN = Bureau of Highways Maintenance 
Management 
BH (1-15) = Bureau of Highways 1-15 
HD (1-102) = Highway District 1-102 
HM (1-17) = Highway Maintenance District 1-17 
BC = Bureau of Bridge Construction 
TC = Office of Road Construction Training Centre 
Management 

TC (1-5) = Road Construction Training Centre 
1-5 
AC = Office of Beautification and Architecture 
Management 
WC = Office of Traffic Weight Control 
PD = Highway Police Division 
DS = Bureau of Location and Design 
PL = Bureau of Planning 
EP = Office of Environment and Public 
Involvement 
SF = Bureau of Highway Safety 
RS = Bureau of Road Research and 
Development 
SD = Office of Standard and Evaluation 

Figure 5-2: Management structure of the Department of Highways 

 
20 http://www.doh.go.th/content.aspx?c_id=1&sc_id=5 (accessed on 28/05/2015) 

http://www.doh.go.th/content.aspx?c_id=1&sc_id=5
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5.1.2.2. Management structure of DRR 

The management structure of the Department of Rural Roads (DRR) is quite similar to the DOH. 

With approximately 4,000 employees, DRR has offices operating in both central and regional 

areas. The central offices consist of bureaus that work in four main categories: (1) construction, 

(2) maintenance and safety, (3) local government mentoring, and (4) supporting offices. Most of 

the central bureaus work as central administration offices. The construction and maintenance 

jobs worked centrally are those deemed to be highly-technical or high-value projects.  

The regional offices are categorised into two groups: (1) Regional Rural Roads Bureau and (2) 

Provincial Rural Roads Office. There are 18 Regional Rural Roads Bureaus. Each bureau 

administers a number of Provincial Rural Roads Offices in the region. The Regional Bureau works 

mainly on extensive maintenance tasks and small-to-medium construction projects. There are 76 

offices run by the Provincial Rural Roads Office. Each office is located in a province of Thailand, 

excluding Bangkok. The Provincial Offices work mainly on maintenance tasks and small 

construction projects.  

The part of DRR works that differ from DOH is that it has the mission to guide LGOs for road 

development through setting up road design standards and training in the Bureau of Local Road 

Development (seen in the figure below as LD, but which will later be called DRR-LD). Figure 5-3 

shows the detailed structure of management under the Department of Rural Roads. 

 

Source: DRR website (www.drr.go.th) 

AD = Office of Administration Development 

IA = Office of Internal Audit 

CA (p) = Part of Bureau of Central 

Administration 

LG = Bureau of Legal 

RC = Bureau of Road Construction 

BC = Bureau of Bridge Construction 

 

ME = Bureau of Mechanical Equipment and 

Communication 

BR (1-18p) = Part of Bureau of Rural Roads 1-18 

OR (1-76p) = Part of Office of Rural Roads 1-76 

MN = Bureau of Maintenance 

PL = Bureau of Planning 

TR = Bureau of Training 

RS = Bureau of Testing, Research and 

Development 

LD = Bureau of Local Road Development 

DS = Bureau of Location and Design 

SF = Bureau of Traffic Safety 

IT = Information and Technology Centre 

 

Figure 5-3: Management structure of the Department of Rural Roads 
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5.1.2.3. Management structure of LGOs 

The local roads are under the responsibility of Local Government Organisations (LGOs). LGOs are 

entitled as juristic entities that can collect money and use it to manage properties under their 

responsibility. There are three primary types of LGOs (i.e. PAO, MPO and SAO) and two special 

LGOs, with a total of 7,853 LGOs. Details for the LGO structure are shown in Table 5-2. 

Table 5-2: Types and number of LGOs in Thailand 

Type of LGO Total number 

of LGO21 

Description 

Provincial Administrative 

Organisation (PAO) 

76 PAO governs all other LGOs within provincial boundaries, except 

special LGOs. They have the power to allocate, or grant money to 

lower LGOs; however, they are not permitted to directly 

implementing the investment activities in the areas. 

Municipality (“Thesaban”) 

(MPO) 

2,440 MPO is the higher order of LGOs that have the power to directly 

implement the investment activities in the areas. Mostly Municipal 

areas are the areas that have high economic activities. There are 

three levels of MPOs. Metropolitan Municipality (30 MPOs), City 

Municipality (176 MPOs), and Sub-district Municipality (2,234 MPOs).  

Sub-district Administrative 

Organisation (SAO) 

5,335 SAO is the lowest level of LGO. Each SAO can work directly on the 

investment activities within their boundary. 

Special LGOs: Bangkok and 

Pattaya 

2 Bangkok and Pattaya have extra power to collect local taxes and 

implement larger projects that standard LGOs do not. 

Source: Data compiled by the author 

There are two parts of key administrative organs in each LGO: the local council and the executive 

board. The local council consists of the local MPs who are elected by the local people. The local 

council can formulate the LGO regulations, such as the LGO fiscal budget. The appointment of an 

executive board may be from the local vote or from the approval of the local council (Department 

of Health, 2016). The responsibility of the LGO executive board is to manage LGO affairs and 

facilitate the enforcement of LGO legislation. Although LGOs are independent, which allows them 

to quickly invest in their roads based on local users’ needs, the quality of road delivered varies 

depending on the individual capacity of management. For these limitations, LGOs may require 

more help, especially in terms of infrastructure investment.  

The Thai government established the Department of Local Administration (DLA) as a mentor to the 

LGOs. The main responsibility of DLA is to facilitate the smooth administration of local governments 

by providing administrative training to the LGOs. DLA is also the treasurer for the local governments. 

This allows LGOs to submit projects that need extra funding to DLA for central government grants. 

As a result, the management of LGOs still has strong ties to the central government. 

 
21 The number according to data from 2014. A recent proposal for the reforming of the Thai government 
has suggested that the SAO is to be removed and their responsibilities transferred to the nearest MPO 
(TCIJ, 2015). 
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5.1.3. Classification of roads under each authority 

5.1.3.1. Road classification under DOH 

Road classification by design 

According to the design specification produced by DOH, there are 6 types of road designs 

designated as class 1 to class 5, and a special class, as shown in Table 5-3. The road surfaces that 

DOH frequently used include asphaltic concrete (AC) and reinforced concrete (RC).  

Table 5-3: Design specifications for the DOH roads 

 

Source: Author’s translation from DOH standard design criteria 

5.1.3.2. Road classification under DRR 

According to the information from the interviews and public document, there can be many ways 

that DRR classifies its roads for different purposes. 

a. Road classification by ownership 

The road classification by ownership is used to identify the roads that belong to DRR. This is 

because DRR and LGOs are working closely and may transfer their road assets to each other. DRR 

called the roads that belong to them “network roads”, while the roads that do not belong to them 

are called “non-network roads”. 

b. Road classification by design 

According to legislation, there are 4 classes of design used by DRR (Notification of the Department 

of Rural Roads on Road Design Standard, 2006). Table 5-4 shows the criteria used for the 

classification of roads by design. The table specifies the minimum thresholds for qualifying into 

each class, which depends on various design criteria such as type of surface, lane width and total 

carriageway width. 

Qualifying average daily traffic volume (ADT)

Type of surface

Carriageway width per direction (m)

Shoulder width each side (m)

Roadway width on bridge (m)

Right of way (m)

Design speed (km/hr)

- Flat and moderately rolling terrain

- Rolling terrain

- Mountainous terrain

Maximum gradient (%)

- Flat and moderately rolling terrain

- Rolling terrain

- Mountainous terrain

Maximum superelevation rate (%)

Varies

6%

8%6% 8% 12%

70 - 80

70 - 80

60 - 70

(See below)

4%

High Medium - high

7.0

11.0

60 - 80 40 - 60 30 - 40

2.0 

or sidewalk

-

10%

4%

Ultimate design or min 11.0

(See below)

90 - 110

80 - 110

Frontage road

-

Medium - high

3.0 - 3.5 (per lane)

2.5 

or sidewalk

Varies

6%

Varies

60

60

60

Varies

Urban area

-

High

-

60 - 80

50 - 60

30 - 50

8%

Class 5

<300

Laterite

8.0

1.0

70 - 90

55 - 70

40 - 55

10%

Class 4

300 - 1,000>8,000 4,000 - 8,000 2,000 - 4,000 1,000 - 2,000

70 - 90

6%

Left: 2.5 - 3.0

Right: 1.0 - 1.5
2.5 2.0 1.5

Design Criteria
Special Class Class 1 Class 2 Class 3

Thresholds for qualification
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Table 5-4: DRR road classification according to legislation 

 
Source: Legislation on notification of DRR road design standard (2006) 

The design specifications are not only limited to those stated by law. Table 5-5 shows the DRR 

roads according to the standard drawings and designs. This specification focuses on the road 

surface and road width, which qualify under traffic volume and composition thresholds. 

Table 5-5: Road designs in real usage based on DRR recommended standard drawings 

 

Source: DRR road standard drawings and design 

c. Functional classification 

The funding scheme for road investment may not be related to the classification by design. In 

2014, DRR developed a new road design standard by integrating the functions of the roads, which 

resulted in six types: rural road, urban road, tourist road, scenic road, mountainous road, and 

logistics road (Bureau of Location and Design, 2014; Praphananurak, 2014). This reflects the usage 

of the road by certain types of users, as indicated by different scheme activities. Each class has its 

functional role, as shown in Table 5-6.  

Type of surface *

Maximum weight (tonnes)

Number of lane(s) per direction

Lane width (m)

Total carriageway width (m)

Footpath or shoulder width each side (m)

Right of way (m)

Terrain type ** L R M L R M L R M L R M

Design speed (km/hr) 90 80 70 90 80 70 90 80 70 90 80 70

Maximum gradient (%) 4 6 8 4 6 8 4 8 12 4 8 12

Maximum superelevation rate (%)

Minimum radius (m)

Minimum vertical width of tunnel (m)

* RC = Reinforced concrete surface, AC = Asphalt surface

**  L = level terrain, R = rolling terrain, M = mountainous terrain

Class 4

Thresholds for qualification

5 5 5 5

Design Criteria
Class 1

10 10 10 10

5 5 5 5

1.5 1.5 1.5 N/D

20 20 15 15

3.25 N/A N/A N/A

13 7 6 Laterite: 8

Paved: 6

25 25 25 25

2 N/A N/A N/A

RC or AC RC or AC RC or AC Laterite

Class 2 Class 3
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Table 5-6: Functional classification of DRR roads 

Type of road 

by functions 

Purpose 

Rural road A rural road has the objective to improve quality of life for the people living in rural areas. The quick 

expansion of rural roads to remote areas in Thailand has successfully lifted the living quality of Thai 

people. Nowadays, the goal of rural road investment is to pave all the dirt roads in the network. 

Urban road An urban road is designed to relieve traffic in the areas connecting densely populated urban settlements. 

Urban roads are built according to the city plans established by the Department of Public Works and 

Town & Country Planning. These roads are the ring roads and some core bypass networks.  

Tourist road 

and scenic 

road 

The purpose of a tourist road is for recreational activities. Tourist roads link to tourist attractions. A 

scenic road has the purpose for recreational activity as well. These roads pass along beautiful scenery 

which may have cultural, natural, or historical value, making the routes tourist attractions.  

Mountainous 

road 

King Rama IX of Thailand established the Royal Project scheme to build roads to improve the quality of 

living for the hill people living in the northern mountains to access to public services.  

Logistics 

road 

A logistics road is a road that provides an efficient route for trucks to transport goods with reliable speed 

and safety. It usually links between the production sites (i.e. farm, factory, industrial estates) to the 

higher tier of production chains or to the distribution channels (i.e. ports, warehouses). 

Source: Bureau of Location and Design (2014); Praphananurak (2014) 

5.1.3.3. Classification of LGO roads 

a. Road classification by jurisdiction 

The respondents reported that, in general, the road hierarchy is based on the four administrative 

levels of the township: village, sub-district, district, and province (see Figure 5-4). Sub-provincial 

LGO roads (i.e., roads that belong to SAO and MPO) connect villages within sub-district. PAO roads 

act as the sub-district to sub-district connectors. DRR roads connect district-district and district-

sub-district, while DOH roads connect province-province and province-district (DOH, 2013).  

 
Source: author’s illustration based on interviewees concepts 

Figure 5-4: Conceptualisation of the road hierarchy in Thailand  

PAO roads connect
between settlements 

at subdistrict level

DOH roads connect between
settlements at provincial 
level and beyond

DRR roads connect
between settlements 
at district level

SAO and MPO roads are 
within local subdistrict 
areas
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b. Road classification by design 

The design of local roads depends on the local government decision. However, roads usually 

require a comparatively large amount of funding for LGOs. They are often designed to be small 

but durable for the long-term use of vehicles in the area. Often, the roads are designed with a 

concrete surface, which requires less maintenance.  

The road design by LGOs may vary dramatically from small towns to urbanised metropolitan 

areas. The Bureau of Local Development (DRR-LD), as a technical mentor for LGO road 

management, has recommended 12 classes of design standards for the roads built by LGOs, in 

which five classes are for urban areas, and seven classes are for rural areas (DRR, 2007b, 2007a). 

5.1.3.4. Other forms of road labelling 

There are some forms of labelling that are used to indicate a different type of road for investment. 

These labels do not universally apply to all roads, but for the roads that are selected for a funding 

proposal. The use of labelling for a road scheme is important for the central road authorities as it 

helps the funders to allocate funding according to the objectives of the proposed schemes. 

a. Scheme activity 

Based on data from the Bureau of Budget, DOH road schemes that received fiscal budget funding 

can be classified into three main activities: road network development, maintenance of the roads 

and bridges, and road safety operations. DRR also has the same kind of scheme labelling, which 

can be categorised into investment scheme and maintenance scheme. Under these two primary 

schemes, the road investment activities are arranged related to the government policies.  

In fiscal year 2015/2016, the DRR worked to serve 10 government activities consisting of 8 

investment activities and 2 maintenance activities, as described in Table 5-7. However, the 

naming of a scheme is temporary in nature as they are related to government policies that may 

evolve over time. 

Table 5-7: Arrangement of road investment schemes in different policy activities 

Scheme activity Objective 

Investment scheme 

Upgrading the road standard Upgrading the road to a standard level has been the primary activity of DRR since its 

establishment. This activity aims to improve the quality of life of the people in rural 

areas. 

Bridge improvement Bridge improvement activity has the goal to improve the connectivity of the DRR road 

network. 

Traffic problem reduction in 

Bangkok perimeter and other 

provinces 

The suburban areas outside Bangkok keep growing and need proper infrastructure to 

support. DRR has a responsibility to construct high capacity roads and bridges that 

can help alleviate the problems in these areas. 

Transportation systems 

support 

This activity aims to improve efficiency and reduce transportation cost in the urban 

environment.  
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Scheme activity Objective 

Tourism support Tourism support activity aims to develop the roads that provide easy and safe access 

to the important tourist spots. 

Special economic zones 

support 

The current government has the policy to develop the new economic zones from the 

cities near the neighbouring countries’ borders (Special Economic Zones Policy 

Commission, 2015). DRR roads and bridges that connect these cities are planned to 

be upgraded for higher capacity. 

Logistics support The logistics road has the aim to reduce the transportation costs that are caused by 

delays in the network. Any DRR road that is identified as serving the logistics systems 

is then chosen to be upgraded for truck traffic. 

South border provinces 

development 

The Southern bordering provinces are currently facing insurgency problems. They 

need the roads to improve the quality of life and safety for people working in the area. 

Maintenance scheme 

Road maintenance The maintenance scheme is done systematically. The schemes can be categorised 

into four types based on the lowest urgency to the highest urgency: routine 

maintenance, periodic maintenance, special maintenance, and emergency 

maintenance. 

Road safety operations Road safety operations have the main objective to remedy the faults in the road 

design after opening for use. Accident data is used to measure the dangerous spots 

from the whole DRR road network. 

 Source: Thailand fiscal budget document 2015/2016 

b. Scheme size 

The Thai government uses a threshold of the project cost to identify the size of the scheme. This 

is carried out to aid the decision of funding process. Large schemes are schemes that generate 

significant economic impact, while small schemes do not generate a tangible amount of economic 

impact. Such categorisation allows the government to make decisions regarding preparation of 

the budget for different funding purposes. For a large scheme, the purpose of funding is purely 

economic, which means that the planning is more meticulous. On the other hand, the investment 

for small scheme is more equity-related, which means that the scheme is designed to provide a 

standard level of road all over the country. The thresholds for scheme size vary from one authority 

to another. For example, a scheme that is considered a large scheme by DRR must cost more than 

50 million baht.  

5.1.4. Funding arrangement 

This section explores the different sources of funding by central and local road authorities. The 

comparison of the amount of road funding is also observed to indicate the relative importance of 

road investment in Thailand. 

5.1.4.1. Sources of central road authorities funding (DOH and DRR) 

Central road authorities’ (i.e. DOH and DRR) sources of funding come from both fiscal budget and 

non-fiscal budget. 
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a. Fiscal budget  

The fiscal budget is the primary source of DOH and DRR road investment. According to historical 

data from 2010-2019, the DOH fiscal budget has been increased by almost six times, from 26 

billion baht to 117 billion baht, while the DRR budget for road investment has been increased by 

27 billion baht, starting from 20 billion baht to 47 billion baht between 2009 and 2019, as shown 

in Table 5-8.  

Table 5-8: Historical budget for DOH road investment in 2010-2019 

Fiscal year DOH fiscal budget (Million Baht) DRR fiscal budget (Million Baht) 

2009/2010 26,386    20,436  

2010/2011 47,000    25,078  

2011/2012 50,422    29,597  

2012/2013 52,966    33,951  

2013/2014 52,759    38,045  

2014/2015 60,334    40,095  

2015/2016 77,510    46,078  

2016/2017 91,280    46,215  

2017/2018 105,747    46,336  

2018/2019 117,139    46,786  

Source: Budget in Brief, Bureau of the Budget (2009-2019) 

According to the interviewees from DRR, the fiscal budget can be subcategorised based on origin. 

The fiscal budget can be broken down into four other subtypes: planned fiscal budget, amended 

fiscal budget, leftover budget, and provincial budget. Table 5-9 summarises the usage of these 

four types of fiscal budgeting. 

Table 5-9: Types of fiscal budget used to fund DRR roads 

Type of fiscal budget 

used to fund DRR roads 

Description 

Planned fiscal budget The planned fiscal budget is used to fund the roads based on the planned investment 

proposed by DRR. 

Amended fiscal budget The amendment of the budget takes place during the government’s consideration of the 

ministerial fiscal budget. The road budget is determined based on the appropriateness of the 

projects by the commissioners. They may suggest amendments for the submission of 

projects. 

Leftover fiscal budget The unused spending can be pooled together and reallocate to additional projects. The 

leftover budget for central and regional DRR is returned to central DRR before redistributing 

again to both units. However, the leftover budget for the provincial DRR is under control of 

the provincial mayor who has the power to assign the budget to any type of projects in the 

area under control. 

Provincial budget Provincial integration committee (PIC) may use the area-based fiscal budget to fund 

infrastructure projects requested by local authorities. The provincial governor, as the chair 

of PIC, can assign the projects with the allocated funding to any government authorities who 

are capable of constructing the road. 

Source: author’s compilation from interviews with DRR officials 
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b. Non-fiscal budget 

There are other sources of funding that the central road authorities may get, which are loans, aid 

and public-private partnership (PPP). The DOH interviewees explained that these sources of 

funding are used for specific cases, as summarised in Table 5-10.  

Table 5-10: Sources of non-fiscal budget funding used to fund DOH roads 

Source of non-fiscal 

budget funding 

Usage 

Loan DOH can fund big projects through soft loans, which are the low-interest loans targeted for 

infrastructure investment, from international organisations such as World Bank, Asian 

Development Bank (ADB), and Japan Bank for International Cooperation (JBIC). The debts are 

then accumulated annually into the ‘loan principal repayment’ budget category in the fiscal 

budget. 

Aid During the past, DOH had received monetary aid from international organisations such as the 

Japan International Cooperation Agency (JICA). However, as Thailand became an upper-middle-

income country, nowadays, the funding from this source is fairly limited. 

PPP Public-Private Partnership (PPP) is not used frequently as a method for funding road investment. 

A build-operate-transfer (BOT) scheme is a PPP method usually employed for financing road 

investment in Thailand. Normally, the concessionaire must finance the construction of the toll 

road and collect the money from toll usage. Then after a certain time, the ownership is 

transferred back to the host government.  

Source: author’s compilation from interviews with transport and road officials in Thailand in 2014-2015 

5.1.4.2. Sources of local road authorities funding (LGOs) 

Based on the findings from the interviews with additional information from related government 

documentation, the sources of LGOs funding can come from (1) revenue, (2) grants, and (3) other 

sources.  

a. Revenues 

LGOs can generate their own revenue by means of taxation. Some types of taxes are collected by 

the LGOs, while others may be collected by the central government, but will then be allocated 

back to LGOs. Local government revenue can be used to fund local roads. According to 2018/2019 

fiscal budget data, the total amount of revenue generated by the LGOs was 465 billion baht. 

Sources of LGO revenues 

The sources of LGO revenues come from self-collected taxes and the local taxes collected by the 

central government but allocated back to the LGO. Types of revenue are different based on the 

type of LGO. For example, MPO and SAO sources of revenue are fixed in place, such as land and 

buildings taxes, while PAO sources of revenue are from the sources that are movable such as 

vehicle tax. The detail types of taxations that generate revenue for the LGOs are summarised in 

Table 5-11. 
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Table 5-11: Types of taxes collected for each type of LGO 

Source of Revenue PAO MPO SAO Pattaya Bangkok 

1. Locally collected taxes      

     1.1 Land and buildings tax  
 

✓ ✓ ✓ ✓ 

     1.2 Local maintenance tax 
 

✓ ✓ ✓ ✓ 

     1.3 Signboard tax 
 

✓ ✓ ✓ ✓ 

     1.4 Slaughterhouse duties 
 

✓ ✓ ✓ ✓ 

     1.5 Bird nest tax ✓ ✓ ✓ 
  

     1.6 Tobacco ✓ 
   

✓ 

     1.7 Petroleum tax ✓    ✓ 

2. Central government collection      

     2.1 VAT (1/9) ✓ ✓ ✓ ✓ ✓ 

     2.2 Specific business tax 
 

✓ ✓ ✓ ✓ 

     2.3 Excise tax  ✓ ✓ ✓ ✓ 

     2.4 Liquor and beer tax 
 

✓ ✓ ✓ ✓ 

     2.5 Vehicle tax ✓ 
   

✓ 

     2.6 Property registration duties 
 

✓ ✓ ✓ ✓ 

     2.7 Royalties on minerals and petroleum ✓ ✓ ✓ ✓ ✓ 

PAO = Provincial Administrative Organisation; MPO = Municipality; SAO = Sub-district Administrative Organisation  

(Source: The Act on Decentralisation Plan and Procedure for the Local Government Organisation, 1999) 

Among all sources, VAT is the largest revenue source for LGOs. Projected from the national 

revenue, VAT accounts for 22 – 26% of the gross national revenue22. One-ninth of the total VAT 

is allocated for use under local government discretion. If excluding VAT, the largest sources of 

revenue differ based on the type of LGO. For PAOs, the vehicle tax is the largest source of non-

VAT revenue. From the data collected by the Fiscal Policy Office (FPO), vehicle tax accounted for 

10% of total LGO revenue23. For sub-provincial LGOs, the largest sources of non-VAT revenue 

come from land and building tax and local maintenance tax, which have a combined amount of 

9% in terms of total revenue.  

b. Grant 

While LGOs may collect revenue from many sources, the interviewees from LGOs stated that the 

revenue budget alone is not enough for roadwork. Grants from the central government are 

designed to help the LGO to fund certain unaffordable projects. Hence, a grant is considered as 

the primary source for infrastructure investment for LGOs.  

There are two types of grant funding: general grant and specific grant. General grants comprise 

funding provided by the Department of Local Administration (DLA), which can be used to fund 

any type of expense. According to the interviewees from LGOs, general grants are typically used 

 
22 Based on the comparison of fiscal years 2007-2017 national income dataset from the Ministry of Finance 

(http://dataservices.mof.go.th/Dataservices/GovernmentRevenue) accessed 11/12/2017. 
23 The total revenues are the result of sample LGOs revenues in fiscal year 2015 which include PAOs, MPOs, Bangkok and Pattaya. 

The type of taxes collected and allocated to each type of LGO is different which might cause some errors in the estimation.  

(http://www.fpo.go.th/fpodoc/การคลงัทอ้งถ่ิน%20FIT%20D108-119/รายไดอ้งคก์รปกครองสว่นทอ้งถ่ิน.xls - accessed 11/12/2017) 

http://dataservices.mof.go.th/Dataservices/GovernmentRevenue
http://www.fpo.go.th/fpodoc/การคลังท้องถิ่น%20FIT%20D108-119/รายได้องค์กรปกครองส่วนท้องถิ่น.xls
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for small routine maintenance by both PAO and sub-provincial LGO, which involve relatively low 

cost. The specific grants are issued specifically for the use of specific road schemes listed under 

the fiscal budget document. These schemes involve construction and maintenance that requires 

a comparatively large amount of funding that the LGO cannot generate alone. A specific grant is 

also the source of funding for a transferred road asset that the central government made in the 

past. According to the respondents from DLA, the consideration to allocate a specific grant for a 

transferred road started in 2012. 

Amount of grant funding for LGO roads 

It is difficult to indicate the amount of grant budget for road investment. The grant budget, 

especially general grant, does not specifically indicate the type of scheme it is used for. There are 

also other activities such as education and agriculture that the LGO requires funding assistance 

for from a grant. Since no official record was available to indicate the amount of funding for LGO 

road investment, the level of funding was estimated by observing the amount of funding listed 

under the relevant schemes in the fiscal budget document.  

The assumption made on the estimation was that the amount of general grant funding for LGO 

road investment was listed under the objective of “supporting the decentralisation of the 

government” and under the activity of “supporting operations under LGO missions”. For a specific 

grant, it was the amount recorded under “road investment”. The specific grant budget can be 

allocated for the specific road scheme and to fund the maintenance of roads that previously 

transferred to LGOs.  

As the process requires the comparison of data from fiscal budget documents spanning multiple 

years, the records may not hold the schemes under the same labels. In this regard, only 

information that grouped in similar labelling starting from fiscal years 2013/2014 up to 

2018/2019, were used. The results of estimation of grant funding for LGO roads are shown in 

Table 5-12. The total budget for road funding is estimated to be approximately 60 billion baht.  

Table 5-12: Estimated amount of grant funding for LGO road investment 

Fiscal year 

General grant budget 

for road funding  

(Million Baht) 

Specific grant budget 

for road funding  

(Million Baht) 

Specific grant budget for 

transferred road  

(Million Baht) 

Total grant funding 

for road investment  

(Million Baht) 

2013/2014  61,635   -     -     61,635  

2014/2015  37,350   20,681   10,000   68,031  

2015/2016  47,618   -     12,817   60,435  

2016/2017  49,355   -     5,869   55,224  

2017/2018  50,946   -     10,703   61,649 

2018/2019  50,022   -     17,274   67,296  

Source: Fiscal budget document, Bureau of Budget (2013-2019) 
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There are some dynamics in the amount of funding for three columns in the table above, including 

a general grant, a specific grant for road investment and a specific grant for a transferred road. In 

fiscal year 2013/2014, the entire grant budget was the general grant. After that year, however, 

the transferred road started to receive a specific grant, which reduced the amount of general 

grant budget in the process. Particularly, there was an attempt to use a specific grant for road 

funding in fiscal year 2014/2015, but this practice has since been abolished.  

It seems that the specific grant funding mechanism negatively affects LGOs. The reason for the 

hostile acceptance from LGOs is, presumably, because the specific grant does not actually 

increase the opportunity to get more funding. This is evident by the decrease in the general grant 

budget, which was replaced by a specific grant budget. Moreover, the net increase of grant 

budget by approximately 7 billion baht from the fiscal year 2013/2014 might not provide enough 

incentive to the LGOs to make more of an effort in writing a grant proposal. Some LGO 

interviewees stated that they lack enough staff, so preparing the data for a grant proposal is a 

burden on their general tasks. The tasks that the engineering personnel work on are not only the 

roads, but also the other local utility infrastructure, such as sewage and lighting. 

c. Other sources of funding 

In case the funding from the grant is not enough for the planned infrastructure work, LGOs can 

ask for higher levels of local and regional government authorities (e.g. PAO and provincial 

governor) to help in scheme funding. However, such a decision is based on the implementing 

authorities deciding whether or not to include the local government’s projects into their fiscal 

budgeting plans. Alternatively, local governments can borrow money from domestic banks. 

According to the interviews, the loaned money is typically used for property development such 

as markets and lodgings, but not used for road investment. 

5.1.4.3. Comparison of the amount of funding among all three road authorities 

To identify the overall focus of road development in Thailand, the trends of change in road 

funding among three road authorities were compared. The trend of the fiscal budget was used 

as a reference for the real term of change. Since the data of grant budget for LGO roads could 

only be traced back to fiscal year 2013/2014, the change in the road funding was compared using 

2013/2014 as the baseline, as illustrated in Figure 5-5. 
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Source: author’s comparison of data from fiscal budget document 2013-2019 

Figure 5-5: Comparison of the trend between fiscal budget and road investment grant to LGOs from 2013-2019 

The trend of change in road budget for the DOH, DRR and LGOs progress at different rates. DOH 

has a fast-growing amount of budget. Over the period of observation between 2013 and 2019, 

the funding that the DOH received increased by 122%. Compared with the trend of increase for 

overall fiscal budget at 19%, the growth of DOH funding was six times faster. This indicates that 

the government prioritised road development, especially at the national level. 

For the funding allocated to DRR, the overall rate of increase (23%) was slightly higher than the 

rate of fiscal budget increase (19%). However, the rate of DRR funding has been flat at around 

21-23% increase compared to the baseline since fiscal year 2015/2016. This may mean that DRR 

road investment has become less important recently. 

LGOs seemed to get the greatest impact from grant budget allocation. The trend of change had 

been swinging from slightly positive to slightly negative over the period of observation. During 

fiscal year 2018/2019, the grant budget increased by only 9% from baseline. Comparing the rate 

of change with the overall fiscal budget, which increased from the baseline by 19%, the funding 

for LGO roads decreased in real terms. From this observation, it may be inferred that the focus of 

the government towards decentralisation has been lost. Thus, it is not surprising that most of the 

respondents from local authorities feel that the funding is inadequate.   

5.1.5. Road ownership transferring 

Road transferring is a method for administrative decentralisation. The transfer of ownership of 

roads between the central and local road authorities is a topic that was brought up by many 
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interviewees during the interview sessions with DRR and LGO officials. This section will reveal the 

principle of the road transfer and point out the road ownership issues that occurred between the 

DRR and LGOs. 

5.1.5.1. Original plan for transferring road ownership 

The Act on Decentralisation Plan and Procedure for the Local Government Organisation (1999) 

stated that all road missions within the jurisdiction area of an LGO should be transferred to that 

LGO within 4 years of the declaration. Any one that was not ready had a goal of transferring within 

10 years.  

According to the decree on decentralisation by The Office of the Decentralisation to the Local 

Government Organisation Committee (ODLOC) shown in Box 5-1, the road transfer was designed 

to transfer all central roads under the class of “rural road” to the PAO and sub-provincial LGOs. 

The decree also does not allow the transferred roads to be returned to the central road 

authorities.  

Box 5-1: Criteria for road transfer from central road authorities to LGOs 

➢ If the rural road (secondary road) passes more than one LGO or connects between LGOs within 

the same province, that rural road is transferred to PAO. 

➢ If the rural road under the responsibility of PAO passes any sub-provincial LGO that has the 

capability to manage it, that PAO road must be transferred to that sub-provincial LGO. 

Source: ODLOC (2002) 

During the transition, the government established the DRR as the caretaker central road authority 

responsible for keeping records of road ownership and training the LGOs staff to maintain the 

road asset. The plan was to transfer 113,000 km of the road held under their control to the LGOs 

and retain 66,000 km of roads responsible by the central government (i.e. DOH). There were three 

phases of the planned road transfer proposed since 2002, as shown in Table 5-13. However, only 

the roads in the first and second phases were successfully transferred according to the actual 

results gathered from the interviewees from DRR. The third phase came to a halt after around 

8,000 km were transferred due to LGOs' inadequate road maintenance funding.  

Table 5-13: Length of roads transferred from central road authorities to LGOs during 2000-2011 

Phase of road 

transfer 

Year Length of roads held by 

central road authorities 

(DOH and DRR) (km) 

Planned transfer length 

(km) 

Actual transfer (km) 

First phase 2002-2006 179,000 52,000 52,000 

Second phase 2008 127,000 6,000 6,000 

Third phase 2009-2011 121,000 14,000 8,000 

Source: DRR interviewees 
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Problems from the original plan of road transferring 

After the initial plan was launched, ODLOC observed problems delaying transferring the central 

government responsibilities to the local governments. There was 52,000 km of the road waiting 

to be transferred. ODLOC identified that the main problem was because the related budget did 

not allocate to the receiving LGOs. LGOs urgently need external financial sources to support 

deteriorating road infrastructure. Many of the LGO officials revealed that they wish to transfer 

the roads back to the road authorities to ease their financial burden. 

Later, ODLOC made the second amendment of the decentralisation plan. The revision allowed 

the funding to be allocated to maintain the transferred road assets and allowed the LGOs to delay 

the road transferring if they were not ready. As a result, many LGOs were reluctant to accept the 

new roads. There was 5,000 km being held from the planned transfer. This left approximately 

47,000 km of rural roads held under central government responsibility. The amendment in the 

decentralisation plan has created subsequent issues that exacerbated into many more extensive 

problems. The next two sections show some of these cases.  

5.1.5.2. Retaining roads under the central government 

While many of the roads being held are used to access the communities which should be 

managed by the local governments, some of them are the core road links to the cities.  Some 

interviewees from DRR argued that some of the roads planned for transfer should be managed 

by the central government as well.  

They suggested to retain some of the roads for development before transferring the roads to the 

appropriate owner. DRR then defined the roads that could not be easily distinguished as 

belonging to either the central government or local government as “secondary roads”, which 

need to be held by DRR for further development. The criteria to identify secondary roads are 

described in Box 5-2. 

Box 5-2: Criteria for secondary road 

A secondary road is a road with a distance longer than 8 kilometres that functions in linking the gaps 

in a national highway network or the roads that gather and relieve traffic.  

The road length of a secondary road can be less than 8 kilometres if any of the following is true:  

➢ it has a special characteristic in linking roads into a network,  

➢ it has high traffic volume,  

➢ it passes through many communities, 

➢ it is a tourism road,  

➢ it involves major projects such as a Royal Project, or 

➢ it has the potential to be improved into a four-lane road. 
Source: DRR (n.d.) 
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Consequences of road retainment 

Establishing the secondary road class may resolve the issue of inadequate road funding by 

multiple LGOs. However, it also creates a problem in practice due to the ambiguity of road 

ownership. The roads designed under the secondary road criteria were reclaimed by DRR 

regardless of the decentralisation plan permission. 

According to the DRR interviewees, the method that the DRR used to reclaim the roads is by 

registering the LGO roads assigned from the provincial mayor. DRR may receive an assignment 

from the provincial mayor who provides area-based funding to construct the LGO roads. These 

roads are over LGO funding capacity and passed ‘secondary road’ criteria. Once DRR finished 

those road upgrades, the LGOs who owned these assets may not be willing to accept the road, 

arguing that it would become a burden on their current financial hardship. This would allow DRR 

to register the new roads into their network. 

This problem also makes it hard for funding allocation since the roads registered under the DRR 

network is not officially transferred back. These roads may be registered in both DRR and LGO 

records under the ambiguity of names and conventions. As a result, the funders could not be sure 

that the fiscal budget allocated to DRR and the grant funding allocated to LGOs would not be 

given to the same road, which implies the double-counting of funding. 

5.1.5.3. Reclassifying the roads 

The problem mentioned earlier has exposed a weakness in the inheritance rules that the 

transferred roads should not be returned in any circumstances. It does not encourage the 

systematic reformation of the road according to their functions while creating a burden for LGOs. 

In 2015, ODLOC then planned to solve the transferring problem by establishing a hierarchy of 

roads consistently. According to the report summarising the network integration plan, the 

proposed road reallocation of road hierarchy considers four main criteria: travel demand, number 

of destinations along the route, connectivity, and community access.  

Changes in the road hierarchies were observed as a result of applying these rules. Figure 5-6 

shows the changes before and after the proposed reallocation of the road network. Two main 

changes can be observed. The first change (pointed by arrows emanating from circles number ) 

has made the secondary roads more useful in providing shortcuts to the main routes. However, 

the proposed changes show some inconsistencies when designating the local roads, as indicated 

by the arrows emanating from circles number . There were omissions of local roads in the city 

areas and the presence of other roads that were not included before.  



Chapter 5: Road planning framework in Thailand 

148 

 

Source: DRR report on the summary of local and rural road network integration (2015) [สรุปโครงการบรูณาการโครงข่ายทางหลวงทอ้งถ่ินและทางหลวงชนบท] 

Figure 5-6: Maps of the rearranged road hierarchies; (top) before the integration plan proposed, (bottom) after the 
integration plan proposed;  observed changes in DRR roads classification,  observed changes in LGO roads 
classification 
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The proposed road hierarchy has made some changes to the structure of road ownership in a 

more flexible way, as summarised in Table 5-14. It enables multiple owners within the same 

category. According to the interviewees, this new road hierarchy was intended to be effective in 

2016. However, the plan has not been announced yet as of the time of this writing. 

Table 5-14: Proposed reallocation of the road hierarchies and ownership 

Before reallocation  

(top map in Figure 5-6) 

Proposed reallocation  

(bottom map in Figure 5-6) 

Line Colour Road Type Ownership Line Colour Road Type Ownership 

Solid Black  National road DOH Solid Black National road DOH/DRR 

Solid Red Secondary Road DRR Solid Red 1st Class 

Secondary Road 

DRR 

Dotted Red 2nd Class 

Secondary Road 

DRR/PAO 

Solid Green Local road LGOs 

(PAO/MPO/SAO) 

Solid Green 1st Class Local 

Road 

PAO/MPO/SAO 

(omitted from the 

map) 
2nd Class Local 

Road 

MPO/SAO 

Source: DRR report on the summary of local and rural road network integration (2015) [สรุปโครงการบรูณาการโครงข่ายทางหลวงทอ้งถ่ินและทางหลวงชนบท] 

5.2. Road investment planning 

Investment planning is the process used to develop and screen the scheme for funding. This 

section describes the road planning process used by the central and local road authorities in 

Thailand.  

5.2.1. Process of investment planning by central road authorities (DOH and DRR) 

Since the fiscal budget is the primary source of funding for roads owned by the central authorities 

(i.e. DOH and DRR), the planning is carried out to accommodate the fiscal budgeting process. All 

road projects are required to be submitted for approval by the Bureau of Budget (BB) in 

accordance with the national transport policy set out by the Ministry of Transport (MOT).  

Generally, the cycle of road investment involves planning, designing and construction. This study 

focuses mainly on the planning phase of road investment which has the relevant stages including 

the scheme identification, collation and prioritisation.  

5.2.1.1. Scheme identification  

During scheme identification stage, the scheme data are identified from the internal and external 

sources. There are two main methods that the central road authorities use to identify a scheme 

for funding. The first is identification by developing the investment master plan, request from the 

area and assignment.  
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a. Investment master plans 

The master plan is a set of projects that contribute to a specific investment scheme for the 

medium to long term. Various forms of technical analysis such as road network analysis and 

spatial analysis may be used to identify the schemes worth investment. Road performance can 

be used to identify problems. According to the DRR interviewees, there are 4 types of data used 

for identification of schemes, which include road network statistics, traffic volume and 

composition, road asset data, and road accident data. Details for the data used in each category 

are provided in Table 5-15. 

Table 5-15: Types of data used by DRR to develop the investment master plan 

Type of data  Description 

DRR road network 

statistics 

Every year, DRR synthesises the collected data to publish a summary of its road network. The 

report is done in order to record the current status of road that is owned by DRR. It consists of 

locational coordinate data, road length, and type of surface. 

Traffic volume and 

composition 

Road traffic data is useful for the development of DRR investment and maintenance schemes. 

The road traffic volume and composition are used to aid the road structure design, road 

intersection design and set appropriate road safety features on the roads. 

Road asset data DRR uses the road asset data to track the changes in their road conditions. There are 4 methods 

that are used to detect changes in the road conditions by DRR: visual inspection, IRI measurement, 

RCI measurement, and road deflection. 

Accident data Road accident data is the primary measure of safety improvement. The frequency and severity of 

the accidents indicate the need for improving the roads that have high accident risks. 

Road accident data is collected from the police records every month. Road accident data can also 

be collected from the road accident rescuing foundations.  

Source: interviewees from DRR 

b. Request  

Road investment requests are often the schemes minor in value, such as short-length 

construction and road surface widening. Requests are received from many sources such as road 

authority provincial offices, other government organisations, LGOs, and political representatives. 

The projects that are collected from all over the country are categorised based on the scheme 

types. In general, there are three types of schemes: 1) new construction, 2) upgrade the existing 

roads and 3) maintenance. 

c. Assignment 

On the other hand, the scheme can be identified from the assignment by the government that 

operates in the area. One of the sources of assignment is the provincial mayor, who can assign 

area-based funding to invest in a beneficial road to the local area. Another source is from the 

planned road development in urban areas published by the Department of Public Works and 

Town & Country Planning (DPT). The assigned projects are often high in value and need 

specialised designs and construction methods beyond the local authorities' capacity. 
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5.2.1.2. Scheme collation and prioritisation for funding 

Scheme collation has the objective to identify and sort projects into activities according to the 

government policy. The road authority will check the progress and prioritise the scheme for 

further development. These selected projects will be sent to the Bureau of Budget (BB) for further 

consideration. Collation and prioritisation are done differently for large and small schemes.  

a. Large scheme 

For a large scheme, the collation is done to ensure that the schemes are ready for funding and 

involves four main criteria to check the scheme merit: design ready, economically feasible, 

environmentally approved, and land ready. If the proposed scheme passes all the checks, it is 

ready to be funded for construction. Table 5-16 gives an example of the criteria for DOH project 

selection for funding set by BB. 

Table 5-16: Criteria for approving a DOH scheme for funding by BB 

Readiness criteria of DOH scheme Description 

Design ready The project is feasible in terms of engineering and construction, meaning it 

already has detailed drawings and specifications. 

Economically feasible The project needs to pass the feasibility study, which must ensure that it produces 

a positive economic impact. 

Environmentally approved The project does not produce a negative impact on the environment, or the 

proposed design has already been proven to pass the environment impact 

assessment (EIA). 

Land ready The project does not need to face a long process of expropriation from current 

landowners, or is ready for expropriation immediately.  

Source: Transcribed from an interview with an official from the Bureau of Budget (2015) 

b. Small scheme 

For a small scheme, merit-based funding cannot be used because there is not enough information 

to justify investment's economic return. Thus, the collation is a quick check to ensure that the 

scheme being funded for investment generates a positive impact on society. Funding is usually 

explicitly allocated for the schemes based on their strategic purposes, such as upgrading the road 

standard and the southern border provinces development exemplified earlier in Table 5-7.  

Since the amount of funding needed is usually far greater than the funding allocated for each 

activity, the road authorities devised three criteria for prioritisation of the schemes for funding: 

selection criteria, prioritisation criteria and budget distribution criteria. The selection criteria aim 

to filter the proposed schemes that are relevant to the funding activity. The scheme in each 

activity is sorted using the prioritisation criteria. For the fairness of budget distribution all over 

the country, the budget distribution criteria may be applied to balance the amount of funding in 

each political area. Table 5-17 shows an example of the collation and prioritisation criteria used 

by DRR for a road upgrade scheme in fiscal year 2015/2016.  
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Table 5-17: Criteria for scheme collation and prioritisation for road upgrade scheme in fiscal year 2015/2016 

Name of criterion Description 

Scheme selection  ➢ The requested projects must be the roads that belong to DRR or the roads that DRR builds 

to support the royal projects 

➢ The road should be beneficial to villagers’ agricultural products transportation 

➢ The unpaved road has been used for general traffic but is under the distress of the local 

population to travel who demand upgrade 

➢ Only the road that has higher than 500 PCU/day is considered 

Prioritisation  ➢ Traffic volume 

➢ Total of beneficial impact on people by the road (i.e. the number of villages and number of 

households) 

➢ Total agricultural areas along the road 

➢ Compliance with the provincial development plan 

Budget distribution  ➢ Distribution of funding to all provinces 

➢ The amount of funding is according to the population in each province 

➢ The distribution criteria apply only to the road paving activity 

Source: unofficial document produced by the Bureau of Budget given to the author during an interview session in 2015 

5.2.1.3. Later stages of scheme development 

There are further stages that the schemes need to progress into before being assigned for 

construction. In general, there are three stages in which road investment schemes are developed: 

feasibility study, survey and detailed design, and expropriation.  

a. Feasibility study 

The feasibility study, or appraisal, is an assessment of a project’s economic and environmental 

impact in terms of the proposed conceptual designs. Economic impact assesses three key 

benefits: the value of time savings, vehicle operating cost savings, and accident cost savings. The 

environmental assessment is required if the project passes the natural sensitive areas. The 

feasibility study is usually done only for large projects that are perceived as having the potential 

for economic returns from investment. 

b. Survey and detailed design  

The survey and detailed design includes the essential steps that all proposed schemes need to be 

done in order to progress into the construction phase. The method for this process varies by the 

size of the scheme. For a minor scheme, the survey and design are done by establishing an office 

located in the area. Standard design is usually used as a guideline for small schemes. For a larger 

scheme, the survey is usually done by the central office personnel that have better skills for 

investigation. A detailed design for a large scheme needs to be developed on its own because it 

often involves more sophistication than the guidelines available in a standard design.  

c. Expropriation 

Two methods can be used to claim additional land for road construction. The first method is land 

devotion. The road authority asks for the private landowner to devote part of the private land to 
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build the roads in exchange for access to their land. The second method is expropriation. This 

requires the government to spend a large amount of money to buy the land. This method can 

only be used for an extensive road investment scheme since it requires a thorough assessment 

of the economic impact. 

5.2.2. Road investment planning process of LGOs 

The LGO process for the road investment works quite differently from that of the central road 

authorities. Each LGO needs to establish its own development plan to create the direction of the 

local road development and planning of the required funding. 

5.2.2.1. LGO scheme development process 

The LGO schemes are derived from an annual meeting based on public participation processes, 

such as town hall meetings and civic forums (Krueathep, 2004). The annual meeting involves the 

people and relevant government sectors in the local area to draw out the current situation and 

the demands for local development. There are three development plans that each LGO must 

establish: strategic plan, three-year plan and action plan (Department of Local Administration, 

2009). LGO development plans link to the national plan, government policy, central 

administrative strategy and provincial administrative strategy, as illustrated in Figure 5-7. 

 

Figure 5-7: Relationship of the LGO development plans (adapted from Department of Local Administration (2009) 
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The strategic plan is a long-term plan that usually lasts for five years, envisioned for the strategic 

development of the economic and social aspects of the LGO. This plan lays out the long-term 

vision, mission and objectives of LGO developments. It must comply with the direction given by 

the government policies, area-based strategy and related ministerial policies.  

The three-year plan is a plan that states the investment programmes for three years into the 

future. The projects in this plan are revised annually on a rolling basis. The three-year plan is 

directly linked to the LGO fiscal budgeting process as it must identify the schemes that could be 

funded using LGO revenue and those required additional funding from outside sources.  

The action plan is an LGO document showing the projects that are going to be funded in the stated 

fiscal year. The schemes under the action plan are selected from those in a three-year plan that 

are capable of being funded by the LGO themselves based on revenue constraints.   

5.2.2.2. Decision-making on investment funding 

The process of funding decisions depends on the funding sources. The types of funding required 

are identified during the planning of a three-year plan. The revenue schemes and specially-funded 

schemes that required outside aids are placed into two separate lists.  

a. Revenue scheme 

Two committees are appointed to drive the investment and funding process, which are the local 

development supporting committee (LDS) and local development committee (LDC) (Ministry of 

Interior Ministerial Rule on LGO Development Planning, 2005). LDS is the main functioning body 

of LGO infrastructure planning. It is responsible for gathering and collating the results from the 

annual meeting into draft plans. LDC is the main policymaking body for LGO infrastructure 

planning. It has the responsibility to make the decisions for the LGO plans. The organisation of 

LDC and LDS is shown in Table 5-18. 

Table 5-18: Organisation of the committees involved in planning infrastructure investment for sub-provincial LGOs 

Organisation of LDC Organisation of LDS 

(i) Chief Executive of LGO (Chairman) 

(ii) All Deputy Chief Executives of LGO  

(iii) Three local MPs chosen by LGO council 

(iv) Three experts chosen by LGO executive board 

(v) A combination of at least three civil servants and/or 

state enterprise staff chosen by the Chief Executive 

of LGO 

(vi) Three to six community members chosen by the 

community 

(vii) Chief Administrator of the LGO (Secretary) 

(viii) Head of the administrative planning division of LGO 

(Assistant secretary) 

(i) Chief Administrator of the LGO (Chairman) 

(ii) Head of the administrative division of LGO  

(iii) Three community members chosen by the 

community 

(iv) Head of the administrative planning division of LGO 

(Secretary) 

(v) Policy analyst or other staff chosen by Chief 

Executive of LGO (Assistant secretary) 

 

Source: Ministry of Interior Ministerial Rule on LGO Development Planning (2005) 
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Annually, the local people will discuss the current problems and state their development 

demands during the community forum organised by LDC. LDS will use the demands and requests 

stated from the community forum, together with the community development plans and the 

other government development plans, for the prioritisation of the projects to include in the three-

year plan. The plan has to be consistent with the strategic plan. The draft three-year plan is then 

forwarded to the LDC for its consideration and any revision. The final draft of the three-year plan 

will be approved by the LGO executive or the vote of the council if the plan belongs to SAO. The 

LGO fiscal budget will be planned annually based on the projects included in the three-year plan. 

Once the three-year plan has been settled, the LDS committee then analyses the projects that 

are capable of LGO investment funding. Generally, the schemes that are affordable in terms of 

funding use revenue for routine maintenance, which repairs damage on a spot-by-spot basis. The 

selected projects are put into the draft action plan and forwarded to the LDC to make revisions. 

The final action plan is then approved by the Chief Executive of LGO (Ministry of Interior 

Ministerial Rule on LGO Development Planning, 2005). 

b. Specially-funded scheme  

During the process of three-year planning, if the project is over the investment capability of the 

LGO, it can be funded by outside sources such as a higher order decision-making body. There can 

be two types of specially-funded scheme. The first type (referred to herein as “type 1 specially 

funded scheme”) is a scheme that has an impact within the LGO jurisdiction, but is in need of 

funding beyond the available budget, such as road maintenance and road construction for a new 

settlement within the LGO. The second type (referred to herein as a “type 2 specially-funded 

scheme”) is a scheme that has an impact beyond the jurisdiction of the LGO, such as the widening 

of a road that passes multiple LGOs. Both types of schemes can be funded by different sources. 

Process of funding for type 1 specially-funded scheme 

A type 1 specially-funded scheme is generally within the ability of the LGO to fund. However, they 

are the priority schemes that could not be funded using the LGOs own revenue. Thus, additional 

funding from government grant is needed to help the immediate need temporarily. The funding 

allocation was proposed to be done using specific grant (see the definition in 5.1.4.2), which can 

help identify the need for funding based on road scheme merit. 

The prioritisation method for the allocation of specific grant funding mechanism has been 

proposed in the Local Road Master plan Phase 3 Report (DRR, 2011). The LGO may request 

additional funding from the Department of Local Administration (DLA). DLA will have to consult 

the ODLOC for a decision in the allocation of a specific grant for LGO road investment. The 
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requested projects need to be cross-checked with the local road database hosted by DRR’s 

Bureau of Local Development (DRR-LD). The screening for the scheme for funding is a score-based 

prioritisation system which involves two primary criteria, including quality of life improvement 

and economic development, as illustrated in Figure 5-8. From the proposed prioritisation criteria, 

the “quality of life improvement indicators” only measure the contribution of roads based on 

their movement function. The contribution of roads as a place is clearly missed.  

 

Source: DRR (2011) 

Figure 5-8: Criteria for prioritisation of schemes for grant funding 

The amount of funding that each LGO gets is not equal, depending on the distribution criteria 

that aim to aid the less capable LGOs. The first 20% of the total grant budget is shared equally 

among all LGOs. The next 20% is distributed proportionally based on the length of the roads 

within each LGO. The next 50% is distributed reciprocally based on the size of the LGOs; the 

smaller the size, the more money it gets (e.g. SAO gets a higher amount of funding than MPO). 

The last 10% is distributed proportionally to the population of the LGOs. 

 

Source: DRR (2011) 

Figure 5-9: Criteria for grant funding distribution quota to each LGO 
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Process of funding type 2 specially-funded scheme 

A type 2 specially-funded scheme has an impact on more than one LGO jurisdiction. This type of 

scheme cannot be funded by one LGO since it is unfair to use local revenue to invest in the scheme 

that may provide benefit to other LGOs. Therefore, additional mechanisms are designed to help 

in funding these schemes. 

The first mechanism involves using shared funding, which uses the available revenue from the 

LGOs that benefit from road investment. Through this shared funding mechanism, the adjoining 

LGOs may mutually fund the road by sharing funding responsibility. Using this mechanism ensures 

that ownership remains the same. 

The second mechanism entails using area-based funding. Multiple levels of decision-makers will 

be involved in this mechanism. The first level is to be considered by the PAO in terms of whether 

the requested scheme could be funded using its own revenue. If so, the scheme is included as an 

addendum in the PAO three-year plan. However, if the PAO considers that the scheme requested 

is also over their capacity to fund, they may forward the request to the provincial mayor to be 

funded using area-based Provincial Development Funding. If the scheme has the potential to 

impact more than one province, it may be integrated with other similar connecting schemes and 

funded by a higher order of area-based authorities, which is not discussed into detail in this thesis.  

The drawback of funding under the second mechanism is that there is no guarantee that the road 

funding this way will be transferred back to the original owner as it may be upgraded to become 

a higher class of road that no longer fits the capacity of the original LGO to maintain. For instance, 

PAO may declare that the road scheme that they fund is in the adjoining scheme from multiple 

sub-provincial LGO jurisdictions and claim ownership. Similarly, the scheme may be funded using 

the provincial mayor’s budget, who assigns the scheme to DRR for construction of the road. A 

road that is constructed by DRR will be upgraded to a higher class and, therefore, ownership of 

the road needs to be transferred to DRR for more specialised maintenance.  

5.2.2.3. Overview summary of the flow of the LGO investment funding process 

The comprehensive flow of decision for the funding of LGO is depicted in Figure 5-10. It shows 

that, while the LGOs may have many opportunities to get funding for road investment, they are 

still weak as they often require support from outside sources. The effort to develop the LGO road 

scheme is primarily focused on proposing aid from outside. It would be better if such effort was 

put into designing the schemes to fit the needs of the local people. Hence, there is a need to 

strengthen LGO capacity in order to sustainably manage their roads.  
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Source: author 

Figure 5-10: LGO investment funding process 

5.3. Assessment of current arrangements and research gaps 

This section identifies weaknesses in the current road planning arrangements based on the 

findings from Thailand in Chapters 4 and 5 in Part A. The review of literature in Chapters 2 and 3 

is used as a basis for the assessment of the proposed conceptual framework that could solve the 

problems in Thailand. Afterwards, the plan to test the outcome of the proposed solutions will be 

drawn out for implementation in Part B of the thesis. 

5.3.1. Assessment of problems from current road planning in Thailand in Part A 

The aim of Part A was to explore the current road classification practices worldwide in both high-

level administrative structures and the project-level planning process.  

5.3.1.1. Reviewing current practice in road classification and planning worldwide 

In Chapter 2, the road classification system worldwide has been reviewed. There are two main 

types of road classification used for planning. The first type is an administrative classification, 

which is used to determine ownership. The second type is a functional classification, which allows 

the road to be planned and funded sensibly based on the gap between expected performance 

and existing performance levels.  

Applications in the UK show that road classification has been used as a tool to identify the wider 

road functions for both road users and roadside users, leading to better attribution of 

performance. The road functions were used to identify the appropriate ownership that leads to 

administrative reform for better funding arrangement. 
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In Chapter 3, the method for planning the road for funding have been reviewed. It is found that 

performance measurement and prioritisation are building blocks for the road authority to identify 

the roads that need funding. However, the goals and objectives of road development have been 

changing from facilitating car users towards providing more quality spaces for less resource-

intensive and sustainable non-motorised users (see Figure 5-11 for the conceptual three-stage 

diagram recalled from Figure 3-2 in Chapter 3).  

 

Source: Jones (2016) 

Figure 5-11: Three stages of transport policy development cycle. Stage 1 is rapid growth in vehicle ownership 
associated with policy response to provide new infrastructure for vehicular movement. Stage 2 concerns stagnant 
vehicle growth from congested infrastructure, which prompts a policy response to shift to person-based movement. 
Stage 3 involves policies targeted at reducing car use and encouraging more sustainable travel patterns in high-quality 
urban environments. 

5.3.1.2. Findings from Thailand case study 

From the literature review, introducing functional classifications could help identify the 

performance that allows roads to be efficiently planned and funded. This led to the investigation 

of the related issues from real-world implications in road administration and planning. 

To address the issues, key stakeholders in transport policymaking and road practitioners were 

interviewed, in addition to gathering documents from official sources. Numerous issues emerged 

from the findings, but three problems appear to be the most pressing, as detailed below. 

a. Roles of the road are too narrowly defined to support new transport policies and forms of 

economic development 

As evident in Chapter 4, the transport policy in Thailand has been moving towards the provision 

of Stage 2: person-based movement. Policies such as mode-shifting towards rail transportation 
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and new economic zones have been introduced to increase the Kingdom’s productivity and 

competitiveness. 

Although the government has promoted sustainable modes such as public transport systems and 

non-motorisation, the evidence from Chapter 5 shows little to no effort from the road authorities 

to develop their road schemes towards such a vision. According to the scheme types proposed 

by DRR, it was found that most of the road schemes focused on increasing road capacity for 

vehicle-based movement (see Table 5-7: Arrangement of road investment schemes into different 

policy activities). There is a gap in providing a transport facility that supports access to the public 

transport system, such as providing more footway infrastructure and place enhancement 

facilities that support road users’ activities alongside the road. 

b. Lack of effective indicators for non-national road scheme development 

It was found that the non-national roads owned by the local authorities and DRR have garnered 

less attention from the government. Although road funding in Thailand has increased sharply in 

the past decade, it appears that it only applied to the Department of Highways (DOH), which is 

the leading national road authority. The rate of funding increase in real terms, relative to the fiscal 

budget increase for the secondary central road provider, the Department of Rural Roads (DRR), 

was relatively flat. In contrast, the amount of funding for the local authorities (LGOs) decreased.  

Lack of effective indicators could be a cause that has made them prone to be judged by the central 

government's funders and policymakers as being unworthy of funding. According to the scheme 

identification process, the central road authorities' identification of large schemes used concrete 

KPIs towards tangible objectives such as accident rates, traffic volume, and composition. 

However, the local authorities' scheme identification and the identification of minor schemes by 

the central road authorities employed arbitrary political requests as the primary method. This 

practice produced less credibility towards scheme impact, which did little to secure the much-

needed grant funding from the government. Even though the central government endeavoured 

to instigate higher accountability in local road funding by introducing specific grant funding that 

required an impact assessment of the proposed schemes, the effort has negatively affected the 

LGOs. This adversity is evident by the abrupt ending of a specific grant budget provided only 

briefly in 2014/2015. 

c. Inappropriate arrangement of road ownership and funding 

While all stakeholders have widely accepted that the local road authorities have lower technical 

and funding capacity, the current road ownership arrangement seems to add insult to injury. 

Since 1999, central roads have been transferred to LGOs according to the decentralisation plan. 
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Many of these roads add to the already heavy burden on the limited LGOs funding since they 

span over one local jurisdiction which could not be sustainably funded using the revenue from an 

individual LGO. Although the government later introduced grant funding specifically allocated for 

the transferred roads, the problem persists as the LGOs lack the requisite skills to develop these 

roads up to desired standards. 

To make matters worse, LGOs lack access to reliable funding sources, namely the fiscal budget, 

to which the central government counterparts had access (see Table 5-19 for the summary). This 

calamity results from silo-based funding arrangement allocated to the owner rather than based 

on the scheme merit. The access to fiscal budget allowed the central road authorities to plan 

schemes into the future continuously. On the contrary, the local governments, whilst having more 

funding sources, received funding for their roads from less reliable sources such as an area-based 

budget given for an arbitrary set of objectives and grant budget. It has been reported that the 

LGO funding was usually inadequate as it was shared by all other spendings—not to mention the 

revenue collected by LGOs, which was usually an inadequate amount for road investment. 

Table 5-19: Analysis of reliability among the main sources of funding for all types of road authorities in Thailand 

Source of 

funding 

Usability Reliability for road investment 

spending 

Amount Ownership 

DOH DRR LGO 

Fiscal 

budget 

Schemes proposed 

under government 

policies 

Reliable source for road expenses 

as it is given for the entire lifecycle 

of road investment (i.e. planning, 

construction and maintenance)  

150 billion baht 

annually with a 

steady 

incremental rate 

x x - 

Area-based 

budget 

Schemes requested 

by area-based 

committees (e.g. 

chaired by the 

provincial mayor) 

Unreliable source as the scheme is 

subject to a long process for 

decision making from various 

groups of committees who may 

not share similar objectives 

Depends on the 

requests 

x x x 

Grant budget Schemes requested 

by DLA or allocated 

for generic usage on 

any type of spending 

Unreliable source for road 

expenses as the funding is shared 

for all types of spending unless a 

specific grant which is allocated for 

the road schemes, but subject to a 

long process for decision making 

60 billion baht 

annually with 

stagnation on 

the rate of 

increment 

- - x 

Revenues Use for all types of 

spending by LGOs 

Highly unreliable as it is usually 

used for activities other than 

spending on road investment 

Very limited - - x 

Source: data from Chapter 5 

5.3.2. Gap analysis  

From the practical issues of road planning in Thailand, the Thai road authorities need clarity in 

the road planning process to secure more government funding, especially for non-national roads 

that have a less-tangible impact. Moreover, the planning process could help further the 

government aims in Stage 2 policies onwards if the more comprehensive performance 
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requirements from the roadside users are addressed. Producing more relevant indicators 

produces higher accountability in funding. In practice, the burden of funding will be shared by 

appropriate authorities if arranging the road ownership according to capacity. Therefore, 

Thailand needs to have a systematic road planning method that can further its road development 

towards a more sustainable goal. Simultaneously, they need to produce more accountability in 

road funding and reduce the funding burden from the inappropriate ownership arrangement. 

According to the literature reviewed, the implication of various road classification forms could 

help guide the planners towards the requirements above. Administrative classification could 

introduce a better arrangement for ownership and funding. The functional classification could 

bring in the relevant performance indicators to identify and prioritise problems according to the 

new paradigm of road development policy that addresses road-and-roadside users' needs. 

Therefore, a coordinated approach is needed for both administrative classification and functional 

classification. What still left unknown is whether there is any universal road classification that 

could be applied to define ownership and funding, and consistently applied for performance 

measurement and prioritisation.  

5.3.3. Proposed framework for the application of Link & Place in Part B 

Link & Place has the potential to become a suitable framework for the required solution. As 

illustrated in Figure 5-12, Link & Place is compatible with the performance measurement method 

to prioritise the problem for investment funding. Link status addresses the road movement 

functions (for people, goods and vehicles). Place status addresses the functional requirement for 

roadside activities. Both Link & Place functional requirements relate to setting appropriate 

performance indicators for the road and roadside users. Link & Place could also be used to decide 

the appropriate ownership and funding arrangement. Link status identifies the significance of 

connectivity, which could relate to the road ownership hierarchy in Thailand. Moreover, Place 

status indicates land development level, which could relate to the potential revenue gained from 

the land taxation that could provide the additional funding much needed by LGOs.  
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Source: Author’s modification from Link & Place matrix produced by TfL in Figure 2-10  

Figure 5-12: Linkages of the Link & Place with the administrative arrangement and performance measurement 

5.3.4. Plan for Part B of the thesis 

Part B of this study proposes to apply a Link & Place framework in performance measurement 

and prioritisation and ownership and funding arrangement using Thailand as a case study. 

Reclassifying the roads in Thailand using the Link & Place method according to the stated 

ownership system can better align functional requirements, road operation performance and 

investment funding. That is by linking the intended functional performance with the appropriate 

road design with a suitable funding mechanism.  

Chapter 6 is designed to develop a Link & Place classification framework that is compatible with 

the transport development objectives of Thailand and the context of use. The proper structure 

of Link & Place levels that fit the context of Thailand will be developed. Afterwards, the developed 

Link & Place structure will be tested for applicability by using it to classify the roads in Thailand at 

various levels of detail.  

Chapter 7 aims to apply a Link & Place classification framework for rearranging the ownership 

and funding structure that create sustainable sources of funding for all road authorities. Criteria 

for the ownership arrangement and funding arrangement using Link & Place status will be 

established. A feasibility test for the ownership and funding arrangements will also be carried out.   

Chapter 8 is designed to develop the performance measurement system for problem 

identification and prioritisation based on a Link & Place classification framework. Initially, the 

Link status is associated with:

• Connectivity to different 
levels of destinations

• Varying degree of 
movement performance 
requirement

• Funding requirement from 
various roadway design 
standards

Place status is associated with:

• Level of land use activities
• Varying degree of roadside users’ performance requirement
• Funding requirement from various roadside design standards
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objectives and performance indicators for vehicular movement and roadside activities will be 

created. Subsequently, the method for problem identification and prioritisation for attention will 

be developed. 

In Chapter 9, the developed problem identification and prioritisation method will be tested and 

assessed in the case study area in Thailand. It will also identify the key practical implication steps 

that will need to be accomplished in order to carry out the actual planning process based on the 

Link & Place framework.  

Chapter 10 aims to evaluate the practical feasibility from the potential stakeholders. In-depth 

interviews will be carried out to ascertain the perspectives of professional stakeholders and their 

opinions concerning the application of the proposed Link & Place classification in terms of its 

applications for ownership and funding as well as performance measurement. 

Finally, Chapter 11 concludes the thesis as a whole. It summarises the main outcome and provides 

conclusions and recommendations. 
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 Application of Link & Place to road reclassification 

Application of Link & Place to road reclassification 

 

6.1 Conventions 

There are several conventions that are used to represent different usages for Link & Place within 

this study, as shown in this section. 

a. Number of link and place statuses 

Based on the previous interviews with national and local road authorities in Thailand, it has been 

suggested that road ownership should follow the hierarchy of the Thai administrative system. 

There are five levels of administrative hierarchy in Thailand, which were implied as the levels of 

Link & Place in this study.  

Link I and Place A constitute the Link and Place of national and international significance. For the 

second level, Link II and Place B represent the Link and Place of provincial and regional 

significance. Link III and Place C are the third level of Link and Place, implying significance at the 

District level. Link IV and Place D are at the fourth level, referring to sub-district significance. 

Lastly, local significance Link and Place status is shown as Link V and Place E. 

b. Colour coding of Link & Place 

The identification of Link status can be done by colour coding the roads. In the Thailand case 

study, national importance is red, provincial or regional importance is blue, district importance is 

green, sub-district importance is yellow, and grey is for village importance and the rest  

(see Figure 6-1). 

 

Figure 6-1: Colour-coding representing the five Link & Place levels (Source: Author) 

The sign convention for mapping of the Link status is shown as a coloured line, while the Place 

status is shown as a colour projected outside the line (see example in Figure 6-2). The red colour 

is used to indicate Link I and Place A. For Link II/Place B, Link III/Place C, Link IV/Place D, and Link 

V/Place E, the line colours are represented by blue, green, yellow, and grey, respectively. 

Link I / Place A Link II / Place B Link III / Place C Link IV / Place D Link V / Place E

National level Provincial level District level Subdistrict level Local level
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Source: Author 

Figure 6-2: The sign convention indicating a segment of road with a 1-E classification that shows the inside colour of 
the road as red (Link I) and outside colour as grey (Place E) 

c. Link & Place matrix 

The summary of Link & Place status is done in matrix form to show the levels of significance for 

both Link and Place. For each cell in the matrix, the Link & Place significance is represented by 

variations of icon colours and alphanumeric values. For example, a cell shown as I-E means Link I 

and Place E, meaning a road that has the requirement for the top level of Link function and the 

lowest level of Place function, as represented in Figure 6-3. The resulting 5x5 Link and Place matrix 

for the classification of roads in Thailand can be shown in Figure 6-4.  

 

Source: Author 

Figure 6-3: Representation of the Link & Place status within each cell in a Link & Place matrix 

Place status is indicated as 
a colour outside a road line

Link status is 
indicated as a 

colour inside a 
road line 

I-EI-E

Place status is indicated as a colour 
outside the road classification icon

Link status is 
indicated as a 
colour inside a road 
classification icon

Roman numerals and English letters 
indicate the classes of Link & Place 
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Source: Author 

Figure 6-4: Proposed matrix of the Link & Place status colouring used in Thailand 

d. Definitions of the terms used in this chapter 

Link is the area on the road which (mostly) motorised modes use for movement. The Link status 

is usually classified at one particular level for the entire route. Place is the area on the road where 

non-motorised modes are used, such as for roadside movement and other activities. Place status 

is classified per segment basis, meaning that there can be many Place statuses along the same 

route. 

In the original Link & Place classification method, Place has been used as a point or zone to analyse 

the demand for Link as well as the point or zone for user activities in Place classification. This 

analogous terminology has the potential to cause confusion. To prevent this problem, the term 

Place will be used only for Place status and define different terms used for the point or zone for 

Link & Place classification. For Link classification, the word ‘destination’ will be used to indicate a 

point or zone of trip attraction. In contrast, the term ‘premises’ and ‘site’ will be used to represent 

the point that contributes to various Place activities alongside the road.  

The ‘destination’ and ‘premises’ can be the same (e.g. airport). For example, an airport is a 

‘destination’ for attracting trips of a significant Link status, while the segment of road at the 
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entrance of an airport ‘premises’ is classified as a Place of significance, meaning that it serves a 

high level of roadside activities as well.  

6.2 Link Classification  

This section explains the development of the Link classification method and the process of 

application using Thailand’s road network as a case study. 

6.2.1 Link classification method 

6.2.1.1 Link classification criteria development 

After consulting the literature that mainly considering the Link classification criteria (Budhiraja et 

al., 2014; COTO, 2012; ICSM, 2006; Quarmby & Carey, 2016a), the themes of criteria that are 

frequently revisited can be generalised into 11 groups: connectivity, type of place served, 

composition, speed, continuity, trip length, capacity, criticality, and ownership, as described in 

Table 6-1 (see detailed examples of actual usage in Appendix D).  

Table 6-1: Criteria potentially used for Link classification according to the literature 

Potential Link 

classification criteria 

Description 

Connectivity Determines the significance of Link by the significance of the destinations it connects. The 

significance of destinations can be the size of settlements or the population size. 

Type of place served Places of attraction along the route such as scenic areas for tourism determine the 

importance of the Link. 

Composition The significance of Link is according to the volume of traffic and the composition of the 

heavy goods vehicles (HGV) on the road. 

Speed The existing speed on the road determines the significance of the movement function.  

Continuity The more significant Link on the network is the route with continuous and uninterrupted 

movement. 

Trip length The longer distance of the trip that the road intends to serve signifies the higher status of 

Link.  

Capacity The Link with higher significance has a higher design capacity for high volume traffic and 

stronger surface for HGV. 

Criticality The Link that is more critical to movement when disrupted is considered to have higher 

importance. 

Ownership The level of authority responsible for managing the road determines the level of Link 

importance. 

Source: Author’s summary from the criteria used in related literature 

With the goal of classifying roads based on the Link function, the criteria in Table 6-1 were 

critically reviewed, with a number of them eliminated. The latter included speed and ownership. 

Themes that have close definitions were combined. Type of place served has a close relationship 

with the definition of destination and becomes part of connectivity. Trip length is longer if the 

route is designated for higher connectivity, so it was merged into connectivity. Criticality is also a 

part of connectivity since the only route that connects between two destinations is automatically 
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selected on the connectivity basis. This left four criteria that could be used to classify Link: 

connectivity, composition, continuity and capacity.  

From these four criteria, the most important indicator for Link classification is connectivity. 

Connectivity is a theme that the vast majority of road authorities use to determine the 

importance of roads. Thus, the Link classification will be primarily classified based on the 

connectivity criterion. Connectivity is defined by the connection of a road to two destinations. 

The higher the level of those destinations suggests the corresponding road has a higher Link 

status.  

According to the connectivity criterion, the Link is classified based on the significance of the 

destinations served. As shown in Figure 6-5, Link I connects destinations of national and 

international significance. Link II represents connections to destinations of provincial and regional 

significance. Link III implies a connection with destinations at a District level of significance, while 

Link IV refers to connections for destinations of sub-district significance. Lastly, the local 

significance connectors are shown as Link V. 

 

Source: Author 

Figure 6-5: General criteria for classifying destinations for Link classification 

If there are multiple routes between a pair of destinations, secondary criteria are used to 

determine the relative importance of the competing routes. The other three criteria in 

composition, continuity and capacity are then used to make decisions.  

The first consideration after connectivity is continuity. It is preferable to choose the route that 

provides an uninterrupted connection between two destinations. The continuity of the route is 

considered the most desirable secondary classification criterion. Continuity is measured by the 
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length of the road that maintains a uniform design and designation, such as similar route 

numbering. If there are two or more roads that have similar connectivity, the road that has more 

extended continuity should be regarded as the link with higher importance. The directness of the 

route is also considered as a factor in continuity. The route which is more direct to the destination 

is more efficient for movement than one with a detouring route. 

If a decision cannot be made from the continuity criterion, the capacity of the route is then used 

for consideration. It is preferable to choose the road that can facilitate a higher quantity of traffic 

and has a better surface. The design of the road can be used as a proxy for such qualities. Hence, 

when comparing between two routes, the route with the higher design standard is chosen.  

If a decision still cannot be made after applying all the previously mentioned criteria, the last 

criterion to help determine the hierarchy of the competing route is composition. Traffic 

composition of heavy goods vehicles (HGV) indicates the use of the road for the delivery of goods. 

The HGV composition is used for a more economic purpose and requires movement functionality. 

If the roads in consideration have a relatively similar percentage of HGV, traffic volume can be 

used to determine their importance. The traffic volume is an indicator of the current use of the 

road. It provides comparative movement functionality. However, comparison of the traffic 

volume should be made with the roads that have the similar context of use. For example, a core 

urban road may have higher traffic volume but lower importance for movement than a provincial 

connector road.     

6.2.1.2 Process for Link classification 

Link classification is done in order, starting from the top level of the Link down to the bottom 

level. Thus, the classification order is Link I (national), Link II (provincial), Link III (district), Link IV 

(sub-district), and Link V (village).  

For the highest Link status, the selected route is based on the desire line for the specified O-D. 

Only one link is needed per desire line. The other routes that pass the primary criteria but do not 

get selected should automatically demote to one level below. This is to prevent essential routes 

from being overlooked when selecting routes based on the desire lines at a lower level. 

Afterwards, the lower level links can be constructed using a similar approach.  

These steps are repeated until reaching the level before the last. The roads in the lowest Link 

level are automatically classified from the unselected roads. Table 6-2 lists the overall process for 

the route selection steps.  
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Table 6-2: The process for route selection steps 

Link level Process of route selection 

Top-level links • Select only one route per desire line. 

Subsequent level links 

before the last  

• Automatically classify the link at this level if it fit the previous 

classification level criteria but does not get selected. 

• If there is no route for a desire line, select one route. 

Last level links  • The rest of the unselected roads 

Source: Author 

6.2.2 Adjustment of the Link Classification method for the Thailand Case Study 

6.2.2.1 Area of classification 

Link classification was applied in 4 spatial areas of the Thailand case study. Area 1 focused on the 

classification of Link I for the entire country. Area 2 is the top half area of the country where a 

Link II classification is developed. Area 3 targets Link III classification in the mountainous Northern 

region and flat/coastal Eastern region. Lastly, area 4 selects two areas that consist of large and 

minor built-up areas in Chiang Mai and Rayong Provinces for Link IV and Link V classification. An 

overview of spatial classification areas is shown in Figure 6-6. 

 

Source: Author 

Figure 6-6: Link classification areas in Thailand 

Area 1: Whole Country

Area 2: Half Country

Area 3: Northern Region

Area 4: Northern Region
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Area 4: Eastern Region
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6.2.2.2 Steps in applying Link classification to the case study 

a. Step 1: Classifying destinations 

The destinations for Link classification are classified by their importance on the different level of 

jurisdiction. The main criterion for the classification of destination status is the trip attraction and 

generation level. The destinations for each level of Link status can be point or zone, depending 

on the level of detail. A point destination is a destination that appears as a point on the map, such 

as a port, airport, school, etc., while a zone destination, which appears as an area with boundaries 

on the map, is more complex to determine. It is usually designated by the town planning 

department. An example of a zone destination is the central business district in a built-up area of 

a city. The zonal destination may appear as a point when classifying the Link at a higher hierarchy 

such as national or provincial level.  Table 6-3 shows the types of destinations for each Link level.  

Table 6-3: Summary of the destinations for each Link level 

Type of 

destination 

Link I 

National/international 

level 

Link II 

Provincial/regional 

level 

Link III 

District level 

Link IV 

Sub-district level 

Link V 

Local 

level 

Transport 

interchanges 

- National level border 

checkpoints 

- National/ 

international ports 

- National/ 

international airports 

- National/ 

international train 

station 

- Provincial/regional 

level border 

checkpoint 

- Provincial/regional 

ports 

- Provincial/regional 

airports 

Provincial/regional 

train stations 

- Provincial/regional 

bus terminals 

- Other border 

checkpoints 

- Other ports 

- Other airports 

- Intracity bus 

terminals 

- Public transport route - N/A 

Economic 

activities 

- Commercial zone of 

national/international 

significance 

- Tourism zone of 

national/international 

significance 

- Production zone of 

national/international 

significance 

- Commercial zone of 

provincial/regional 

significance 

- Tourism zone of 

provincial/regional 

significance 

- Production zone of 

provincial/regional 

significance 

- Commercial zone of 

district significance 

- Tourism zone of 

district significance 

- Production zone of 

district significance 

- Commercial zone of 

sub-district 

significance 

- Tourism zone of sub-

district significance 

- Production zone of 

sub-district 

significance 

- Dense residential 

zone 

- N/A 

Public services - N/A - Government and 

public service zone of 

provincial 

significance and 

above (e.g. 

government complex) 

- District level and 

above public service 

premises (e.g. 

hospital, school, 

police)  

- District level and 

above religious 

establishment 

- Sub-district level 

public service 

premises (e.g. 

hospital, school, 

police)  

- Sub-district level 

religious 

establishment 

- N/A 

Source: Author 

The exact type of destination may be set according to the locally accepted land-use zoning 

system. In the case of Thailand, the zoning map of DPT is used as a guideline. At high Link levels, 

the provincial land zoning plans can be used to roughly specify the main built-up zones for road 
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connections. Greater detail of destination zoning for classifying the road at lower Link levels can 

also be achieved by consulting city land zoning plans or using the points of interest locations 

(POIs) in GIS (See Figure 6-7 for different types of land-use maps in Thailand).  

 

Source: DPT 

Figure 6-7: (left) Chiang Mai provincial land zoning plan24, (right) Chiang Mai land zoning city plan25 

b. Step 2: Define the desire lines 

The desire lines are the direct lines between a pair of origin-destination (O-D) for each respective 

level of significance. While the one-to-one desire lines for each pair of O-D can be constructed, in 

actuality, the shortest paths or a set of paths that minimise the cost of travel and number of links 

(e.g. minimum spanning tree) should be chosen for all destinations to prevent the construction 

of unnecessary desire lines. Note that the method for desire line construction in this study may 

differ from the ones used in modelling which indicate all-to-all connections to every O-D. 

c. Step 3: Select the route for each link status 

The desire lines are constructed for each level of Link Status from the highest level to the lowest 

level.  For the highest Link status, the selected route is based on the desire line for the specified 

O-D. Only one link is needed per desire line. Selection of the appropriate Link for the desire line 

is based on the five criteria discussed earlier in 6.2.1.1.  

 
24 แผนผงัก าหนดการใชป้ระโยชนท่ี์ดินตามที่ไดจ้  าแนกประเภททา้ยกฎกระทรวงใหใ้ชบ้งัคบัผงัเมืองรวมจงัหวดัเชียงใหม่ พ.ศ. 
2555 https://www.dpt.go.th/wan/lawdpt/data/01/2553_4/129_36a_250455_3.pdf 

25 แผนผงัก าหนดการใชป้ระโยชนท่ี์ดินตามที่ไดจ้  าแนกประเภททา้ยกฎกระทรวงใหใ้ชบ้งัคบัผงัเมืองรวมเมืองเชียงใหม่ พ.ศ. 
2555 https://download.asa.or.th/03media/04law/cpa/mr56-cm.pdf 

https://www.dpt.go.th/wan/lawdpt/data/01/2553_4/129_36a_250455_3.pdf
https://download.asa.or.th/03media/04law/cpa/mr56-cm.pdf
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After the top-level links are designated, the lower level links can be constructed using a similar 

approach based on the constructed desire lines discussed in 6.2.1.2. In practice, there can be 

many other special cases of link classification in which the original rules cannot be applied. This is 

considered case-by-case as it happens in the real example in the following case study sections. 

6.2.3 Applying the method for road classification to the case study (Link I) 

Steps 1-3 were applied to classify the roads in Thailand. For brevity, only the process to classify 

Link I-II is shown. The detailed classification steps for Link III-V are shown in Appendix E. 

6.2.3.1 Step 1: Classifying destinations 

The data from Thailand used to identify the destinations of national significance are major 

provinces, main international border checkpoints, major ports, and major international airports. 

At this level, the area-type destinations may appear small on a national link level and may be 

represented by points on the map. 

a. Major provinces  

According to a study from Thailand’s Ministry of Transport (2014), there are 18 provinces that 

have been classified as centres of economic activity in their regions (see Table 6-4).  

Table 6-4: Provinces by region that are important for economic activity as classified by MOT 

Region Province classified as a main economic centre 

Central Bangkok 

Northern Chiang Mai, Phitsanulok, Nakhon Sawan 

North Eastern Khonkaen, Udon Thani, Nongkhai, Nakhon Ratchasima, Ubon Ratchathani 

Western Prachuab Kirikhan, Phetchaburi 

Eastern Chonburi, Rayong 

Southern Phuket, Pang-Nga, Krabi, Songkhla, Surat Thani 

Source: Ministry of Transport 
26  

b. Tourism provinces 

In addition to the major provinces based on economic importance, the importance of a province 

from the tourism aspect is another criterion for identifying destinations for Link I classification. 

According to data from the Thailand Tourism Authority, there are 14 provinces that have a 

significant number of domestic visitors (i.e. over 5 million visitors per year) or generate significant 

tourism revenue (i.e. more than 20 billion baht per year). Table 6-5 shows the provinces that are 

important for tourism in Thailand. 

 

 
26 A presentation on Thailand Transport Infrastructure Development, 29 July 2014 
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Table 6-5: Provinces that are important for tourism in Thailand 

Province Region Number of Visitors Total Revenue  
(Millions of baht) 

1. Bangkok Central   50,972,772                 634,803  
2. Phuket Southern   11,958,603                 259,291  
3. Chon Buri Central   10,843,412                 108,092  
4. Chiang Mai Northern     8,665,502                   73,757  
5. Krabi Southern     4,735,217                   73,239  
6. Surat Thani Southern     4,832,512                   59,313  
7. Songkhla Southern     6,124,972                   42,825  
8. Prachuap Khiri Khan Central     4,660,994                   25,906  
9. Rayong Central     6,150,336                   25,124  
10. Phetchaburi Central     5,700,319                   19,117  
11. Kanchanaburi Central     6,641,111                   15,265  
12. Nakhon Ratchasima Northeastern     7,063,059                   13,511  
13. Phangnga Southern     3,730,398                   29,330  
14. Chiang Rai Northern     2,869,008                   20,424  

Source: 2014 Tourism data from the National Statistical Office Thailand27 

c. Border checkpoints  

A border checkpoint can be used as a proxy for trades on the national and regional levels. Hence, 

the roads that lead to a border checkpoint can be classified as Link I and Link II. The destinations 

for Link I are those that have significant trade volume for neighbouring countries. The following 

are international destinations for border trade from Thailand: southern border trade is aimed at 

Malaysia and Singapore; north western border trade is aimed at Myanmar; northern and north-

eastern border trade is aimed at Laos, Vietnam and the southern part of China; and eastern 

border trade is aimed at Cambodia and Vietnam. 

Based on statistics from the Department of Foreign Trade (2016), there are 41 border checkpoints 

that are active for trade along the borders of Thailand. Per the dataset, 5 classes of natural break 

statistics according to trade volume were applied, as shown in Table 6-6. The border checkpoints 

that are within class 1 and class 2 are proposed to be the destinations for Link I and called “major 

checkpoints”. The border checkpoints within class 3 are used as the destinations for Link II. Class 

4-5 border checkpoints are the destinations for Link III. 

 
27 http://service.nso.go.th/nso/web/statseries/statseries23.html (Accessed 08/05/2017) 
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Table 6-6: Five natural break classes by trade volume were used to determine the significance of the border checkpoints 

Border Checkpoint Province/Region Trade Volume 
(Millions of 

baht) 

Natural Break Class 

1. Sadao Songkhla/South 373,910.96 Class 1  
(significant for Link I classification) 

2. Padang Besar Songkhla/South 184,684.05 Class 2  
(significant for Link I classification) 3. Mukdahan Mukdahan/Northeast 93,650.63 

4. Nakhon Phanom Nakhon Phanom/Northeast 84,389.35 

5. Mae Sot Tak/Northwest 80,696.12 

6. Sangkhlaburi Kanchanaburi/Northwest 70,052.57 

7. Nongkhai Nongkhai/Northeast 64,048.52 

8. Arunyaprathet Sakaeo/East 60,759.66 

9. Klong Yai Trat/East 33,981.23 Class 3  
(significant for Link II classification) 10. Thung Chang Nan/North 20,130.70 

11. Ranong Ranong/Southwest 19,519.46 

12. Chiang Khong Chiang Rai/North 19,372.93 

13. Chong Mek Ubon Ratchathani/Northeast 17,227.81 

14. Chiang Saen Chiang Rai/North 16,503.96 

15. Chantaburi Chantaburi/East 14,566.59 

16. Mae Sai Chiang Rai/North 9,081.56 Class 4  
(significant for Link III classification) 17. Thali Loei/Northeast 4,913.61 

18. Chong Chom Surin/Northeast 3,732.26 

19. Bueng Kan Bueng Kan/Northeast 3,444.95 

20. Su-Ngai Kolok Narathiwat/South 3,184.22 

21. Baan Khao Din Sakaeo/East 3,167.20 

22. Betong Yala/South 2,780.06 

23. Baan Nong Prue - 2,140.29 Class 5  
(significant for Link III classification) 24. Baan Ta Phraya - 1,629.08 

25. Takbai - 1,557.27 
26. Khemmarat - 1,203.52  
27. Mae Sareang - 828.97  
28. Baan Prakob - 823.59  
29. Baan Pak Kard - 807.27  
30. Phu Du - 773.15  
31. Chiang Kan - 765.09  
32. Satun - 751.20  
33. Maehongson - 388.58  
34. Baan Suan Som - 310.84  
35. Wang Prachan - 253.60  
36. Baan Subtari - 251.44  
37. Baan Punamron - 216.83  
38. Prachuab Kirikhan - 197.09  
39. Chong Sa-Ngam - 113.05  
40. Pattani - 35.16  
41. Baan Laem - 33.40  

Source: cross border trades statistics, Department of Foreign Trade, Thailand (2016)28 

d. Major ports 

A port is another gateway for international trade. The two main international ports in Thailand 

that operate a significant volume of transported goods are shown in Table 6-7. 

Table 6-7: Major international ports in Thailand 

Port Province Volume of transported goods 

Bangkok Port Bangkok ▪ 21.10 million tonnes of import/export goods 

▪ 1.51 million TEU container goods 

Laem Chabang Port Chonburi ▪ 76.68 million tonnes of import/export goods 

▪ 7 million TEU container goods 

Source: Ministry of Transport, Thailand (2016) 29 

 
28 http://www.dft.go.th (accessed 30/04/2017) 
29 http://www.news.mot.go.th (accessed 30/04/2017) 
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e. Main International Airports 

International airports are the gateways for passengers’ movement abroad. In terms of 

movement, 6 out of 28 domestic airports in Thailand have significant numbers of passengers (see 

Table 6-8). These can represent the national destinations for Link I. 

Table 6-8: Significant airports in Thailand 

Airport Province Number of passengers per year 

Suvarnabhumi Airport Bangkok 45 million passengers 

Don Mueng Airport Bangkok 16 million passengers 

Chiang Mai Airport Chiang Mai 2 million passengers 

Hat Yai Airport Songkhla 0.8 million passengers 

Phuket Airport Phuket 2.9 million passengers 

Chiang Rai Airport Chiang Rai 0.7 million passengers 

Source: Ministry of Transport, Thailand (2016) 29 

Combining all the nationally significant destinations for Link I, the final list is shown in Table 6-9. 

The spatial locations are depicted in the map in Figure 6-8. 

Table 6-9: List of national destinations for Link I classification 

Region Major province City of tourism 
significance 

City of border 
trade 

significance 

Contains 
important port 

Contains 
important 

airport 

Central Bangkok ✓ - ✓ ✓ 

Eastern Chon Buri ✓ - ✓ - 

Rayong ✓ - - - 

Sakaeo - ✓ - - 

Northeastern Khon Kaen - - - - 

Mukdahan - ✓ - - 

Nakhon Phanom - ✓ - - 

Nakhon 
Ratchasima 

✓ - - - 

Nongkhai - ✓ - - 

Ubon Ratchathani - - - - 

Udon Thani - - - - 

Northern Chiang Mai ✓ - - ✓ 

Chiang Rai ✓ - - ✓ 

Nakhon Sawan - - - - 

Phitsanulok - - - - 

Tak - ✓ - - 

Southern Krabi ✓ - - - 

Phang-nga ✓ - - - 

Phuket ✓ - - ✓ 

Songkhla ✓ ✓ - ✓ 

Surat Thani ✓ - - - 

Western Kanchanaburi ✓ ✓ - - 

Phetchaburi ✓ - - - 

Prachuap Khiri 
Khan 

✓ - - - 

Source: Author 
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Source: Author 

Figure 6-8: Overview of the major destinations within Thailand 

6.2.3.2 Step 2: Creating Link I desire lines 

The most desirable connections are the direct representation of the routes that connect 

between the major destinations. The cities are connected as a network. The ports, airports, and 



Chapter 6: Application of Link & Place to road reclassification 

180 

border checkpoints are the gateways in and out of the country. Thus, at least one road that 

leads to these destinations is needed. The rationale behind the desire line creation is to find the 

best route between these spots. This does not mean that all one-to-one paths between the 

destinations need to be enumerated. Some paths may be omitted given that they may traverse 

through other paths without many detours. The constructed desire lines are represented in 

Figure 6-9. 

 

Source: Author 

Figure 6-9: Network of direct paths between key domestic destinations and the desire lines for international 
destinations 

6.2.3.3 Step 3: selecting routes that represent Link I 

The primary consideration for the determination of routes representing Link I is connectivity 

between the destinations of the desire lines. However, there are cases where connectivity alone 
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cannot determine the most appropriate route due to many competing routes providing the same 

connection. Thus, the other three secondary criteria of continuity, capacity and composition were 

used to determine the routes that represent Link I.  

The use of additional criteria was exemplified in the case study of the roads connecting Nakhon 

Ratchasima and Ubon Ratchathani. The link between Nakhon Ratchasima and Ubon Ratchathani 

can be either a direct route A (passing through 3 cities) or bypass route B (see Figure 6-10). As 

explained in Table 6-10, both links are almost identical in terms of connectivity and continuity. 

When considering capacity, however, Route B has higher capacity, which means it should be 

classified as Link I, while Route A should be demoted to Link II. The resulting classification is shown 

in Figure 6-11. 

 

Figure 6-10: Map and street view information used to aid in the determination of route importance  
(street view pictures source: map.google.co.uk) 

Majority of Route B: four-lane dual-carriageway 
(DOH route 24)

Last miles of Route B: two-lane single carriageway 
(DOH route 2178)

Route A in a rural area: two-lane single carriageway 
(DOH route 226)

Route A in an urban area: four-lane single carriageway 
(DOH route 226)

Nakhon Ratchasima

Buriram Surin

Route A

Route B

Sisaket

Ubon Ratchathani
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Table 6-10: Analysis of Link I classification decisions for Route A and Route B  

Criteria Route A Route B Decision 

Connectivity Direct route from Nakhon 

Ratchasima to Ubon 

Ratchathani, passing through 

other major settlements in three 

provinces along the route. 

Bypass route between Nakhon 

Ratchasima and Ubon 

Ratchathani, skipping the urban 

connection to other major 

settlements. 

Need to consider secondary 

criteria as both routes provide 

connections to the same pair of 

destinations.  

Continuity Although route A has a shorter 

length connecting Nakhon 

Ratchasima and Ubon 

Ratchathani, it breaks into three 

sub-trips: Nakhon Ratchasima-

Buriram, Buriram-Surin, and 

Surin-Ubon Ratchathani. 

The length of route B is longer 

than route A in connecting 

Nakhon Ratchasima and Ubon 

Ratchathani. 

Unable to decide the best route 

as one route is more direct but 

is interrupted by urban areas in 

between, while another is longer 

but provides an uninterrupted 

connection. Need to consider 

subsequent secondary criteria. 

Capacity From the street view, route A is 

mainly a two-lane single 

carriageway with expansion into 

four lanes in the urban areas. 

Route B is designed in a higher 

class with four-lane dual-

carriageway. In the ending 

section of the route, the road is 

narrowed down to a two-lane 

single carriageway in the 

section where DOH route 2178 

was selected. 

Route B should be defined as 

Link I as it has a higher 

capacity. No need to consider 

the subsequent secondary 

criteria. Route A should be 

demoted to Link II. 

Composition 

(Not 

considered) 

HGV composition: 13% 

Traffic volume: 24,499 PCU/day 

HGV composition: 24% 

Traffic volume: 32,904 PCU/day 

Although the composition has 

not been considered, Route B 

clearly provides higher 

movement function. 

Source: Author 

Figure 6-11: Result of the reclassification of Link I and Link II between Nakhon Ratchasima and Ubon Ratchathani 

6.2.3.4 Result of Link I classification in Area 1 

Applying the three steps for Link classification on the existing roads in Thailand, the network of 

Link I roads that connect the national destinations across the country can be identified. Figure 

Route A 

Route B 

Nakhon Ratchasima 

Ubon Ratchathani Legend

!( Main Destinations

!( Other Major Settlements

#* Main Checkpoints

#* Minor Checkpoints

!( Main Ports

!( Main Airports

Link Status I: National

Link Status II: Regional and ProvincialSource: Author 
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6-12 shows the results of the classification of Link I in Thailand. Link I is the core national road 

network which connects major settlements and international trading gateways. 

 
Source: Author 

Figure 6-12: Result of Link I classification in Thailand 

Table 6-11 shows the result of Link I roads with the existing ownership. Most of Link I belong to 

the national road authority, the DOH. A small percentage of road length is located in urban areas, 

which belong to the local authorities.  

Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors, and the GIS user community

Legend

!( Main Destinations

Link Status I: National

Current DOH Roads
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Table 6-11: Results of Link I Classification lengths based on different jurisdictions 

Classification Area 1 DOH DRR Local Total Length (km) 

Link I 99.72% 0% 0.28% 6,363.82 

Total Length (km) 6,346.10 - 17.72 6,363.82 

Source: Author 

During the length counting, it was found that the GIS map may cause errors in measurement. For 

accuracy of measurement, there is a need to prepare the shapefile data to contain only one line 

per link, as described in Box 6-1. 

Box 6-1: Additional data preparation for measuring the road length 

When counting road length, a route length is preferred. If the road data has dual carriageway, only a single 

line is counted. This should be taken care when using GIS software to count the road length as it may double 

count the route length for the classified link if the input data has double lines represent the dual carriageway. 

An easy method to clean the double line data is by deleting a single line and keeping another line (as illustrated 

in Figure 6-13). However, it may not be an accurate representation as one line may be longer than the other 

line. Thus, a shapefile that contains the single centreline of the road is more preferred for Link classification. 

For its own maintenance purposes, the road authority may design the data structure of the centreline shapefile 

to indicate whether the line is for single, dual, or quadruple carriageways. 

                           
Source: Author 

Figure 6-13: The complex lines of GIS shapefile should be simplified for length count 

6.2.4 Applying the method for road classification to the case study (Link II) 

Similar steps for Link I classification were followed to classify Link II. However, since there are 

some roads that have been demoted from Link I, Link II shows additional circumstances to be 

considered when classifying the roads at lower levels. 

6.2.4.1 Step 1: Classifying destinations of provincial significance 

After Link I was designated, there were some other provincial destinations that did not have 

connections to the national road network, as illustrated in Figure 6-14. These destinations include 

the provinces that are not designated as being of national importance and minor border 
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checkpoints, as discovered earlier in Table 6-6. Link II provides the connections to these 

destinations. At this level, the area-type destinations may appear as points on the map. Thus, Link 

II may be shown as the direct connections to these points. 

 

Source: Author 

Figure 6-14: Every provincial destination that may not already be connected by Link I 
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6.2.4.2 Step 2: Desire lines for Link II 

The first step for designation of Link II is to identify the desire lines. Initially, based on the 

designated hierarchy of link classification, Link II is the provincial connector which connects 

between two centres of provincial destinations. Once desire lines were applied to the real data 

of Thailand road network, it was found that Link II can be further categorised into three different 

roles. These roles are provincial connector, regional connector, and alternative route for Link I.  

a. Provincial connector 

A provincial connector is the main purpose of the Link II classification. The discovery of a provincial 

connector is accomplished by drawing a desire line connecting two destinations of provincial 

importance (see Figure 6-15). 

 

Source: Author 

Figure 6-15: Blue desire lines constructed by connecting the remaining destinations of provincial significance that do 
not have Link I connectivity 
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b. Regional connector  

During the classification of Link II, it was found that some connecting provincial connectors and 

shortcuts for them could establish longer routes capable of regional connectivity. Therefore, the 

second category of Link II is the regional connector, which is a long route that connects many 

provincial destinations. The desire lines for the regional connectors are shown as red-dotted lines 

in Figure 6-16.  

 

Source: Author 

Figure 6-16: Red-dotted lines representing the desire lines for the regional connectors of Link II 

6.2.4.3 Step 3: Identifying the routes for Link II 

The routes that have not been classified were considered. However, since there are some routes 
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II routes are called ‘alternative routes’ (for Link I). The desire lines were then observed for 

additional routes needed to provide the regional and provincial connections.  

Similar to Link I designation, connectivity was used to determine the suitability of the routes that 

provide connections according to the desire lines. If the results were inconclusive, the secondary 

criteria of continuity, capacity, composition and traffic volume were employed to identify the 

most appropriate routes.  

6.2.4.4 Result of Link II classification 

The resulting classification of Link II is shown in Figure 6-17. The colouring of the routes 

differentiates the three purposes of Link II classification: blue routes are provincial connectors, 

red routes are regional connectors, and green routes are alternative routes (for Link I).  

 

Source: Author 

Figure 6-17: Results of Link II classification showing three different purposes of Link II including (Blue) Provincial 
Connector, (Red) Regional Connector, (Green) Alternative Route for Link I 
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6.2.4.5 Result of Link I and Link II classification in Area 2 

As revealed in Figure 6-18, the completion of Link I and II classification gives a complete national 

road network that can reach every provincial destination in the country. The remaining 

unclassified roads, depicted as green lines on the map below, should be further classified into 

Link III to Link V for each province.  

 

Source: Author 

Figure 6-18: Results of classification for Link I and Link II in Thailand 

  

!(

!(

!(
!(

!(

!(!(
!( !(

!(
!(!( !(

!( !( !(
!(

!(
!( !(!(

!(
!( !(

!( !(
!(!(

!(
!(

!(
!( !(

!(
!(

!(!( !( !(!(
!(

!(!(
!(

!(!(

!( !(!(
!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

#*

#*

#*#*

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors, and the GIS user community

Legend

") Main Destinations

#* Minor Checkpoints (Link II)

!( Other Provinces

Link Status I: National

Link Status II: Provincial and Regional

Current DOH Roads



Chapter 6: Application of Link & Place to road reclassification 

190 

6.2.5 Other special cases for determining the Link status as observed from the case study 

During the determination of the candidate routes for Link III in the Northern region, there were 

some special cases observed as follows: (A) promotion of Link III into Link II and (B) spur roads 

between two parallel routes. The detailed criteria for the classification of these special cases are 

described in Box 6-2 and Box 6-3, respectively. 

Box 6-2: Special Case A – Link III that connects Link II and Link I needing a promotion to Link II 

On the border between Chomthong and Viengnonglong, there are two virtually parallel roads (coloured in grey) 

that have bridges crossing the provincial bordering river, circled in red in Figure 6-19 (left). These roads are 

classified as having District-level importance. However, the importance of the roads as the main access to 

two provinces should give them higher importance.  

The question is which road should be given higher importance as Link II. The first option is to give both the 

importance of Link II. The reason is that both are performing with higher importance than a normal district-

district connection. Since the connectivity for both routes is the same, the criteria to select the route to be 

upgraded to Link II should follow the secondary criteria: (1) continuity, (2) capacity, and (3) composition. 

In this case, the lower route was selected for promotion to Link II on the capacity criterion–it has a wider 

carriageway. A part of the upper route that has a bridge is also considered to be upgraded to Link II because 

both are critical links that provide connectivity to the three settlements in the pink zones. Therefore, the upper 

route is considered an alternative to Link II and is classified as Link III, as shown in Figure 6-19 (right). 

                      

Figure 6-19: Link II can be classified on the grounds of being critical connections during Link III 

classification 
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Box 6-3: Special Case B - Classifying many spur roads in two parallel routes 

Along a national or provincial route, there can be a parallel route acting as an alternative. This route can be 

classified as having lower importance. The parallel route may include several spur routes that provide 

connectivity from the main route to the parallel route. Thus, there is a question as to which spur route should 

be regarded as significant. 

To identify an important spur route, the established criteria for link classification can be used. The highest 

importance spur route should be classified as a similar level to the parallel route as it provides a secondary 

function to the parallel route. 

In this case, the parallel route acts as a district connector. It is classified as Link III. Therefore, the spur routes 

that provide connectivity between the district centres to Link I (i.e. Route A, C and E) should be classified as 

Link III. The result of this special case is shown in Figure 6-20. 

                         

Figure 6-20: Classifying Link III from many spur roads 

6.2.6 Summary of findings from Link Classification  

Link classification was applied in 4 areas of the Thailand case study (see Figure 6-21). The smaller 

areas are part of the larger areas. These areas limit the number of roads to be considered in each 

Link level to a manageable size. Areas 1 and 2 cover a more substantial area of Thailand, which 

are suitable for the strategic level of Link classification such as Link I and II. Areas 3 and 4 look into 

more detailed classification areas of two diverse geographic regions of the mountainous Northern 

Region (i.e. Areas 3N and 4N) and flat and coastal Eastern Region (i.e. Areas 3E and 4E). Areas 3N 

and 3E limit the classification in the region at Link III; whereas the smallest areas 4N and 4E, which 

consist of large and minor built-up areas in Chiang Mai and Rayong provinces, classify the roads 

in the areas up to Link V.  
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Source: Author 

Figure 6-21: Results of road classification in each area (a) – (f) 
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Table 6-12 shows the result of Link classification in all four areas. The result shows the distribution 

of the Link statuses along with current road ownership. As areas 3 and 4 cover small areas, they 

were divided in two regions, one in the north (3N and 4N) and another in the east (3E and 4E).  

Table 6-12: Result of road classification grouped by existing road ownership authorities 

Link Level 
Percentage of Total Road Length Total Length 

in km. (%) DOH DRR Local 

Area 1 

Link I 99.72% - 0.28% 6,363.82 (34%) 

Area 2 

Link I 99.66% - 0.34% 5,259.59 (34%) 

Link II 93.65% 4.38% 1.97% 10,314.35 (66%) 

Area 3N (Northern Region) 

Link I 100.00% - - 381.86 (8%) 

Link II 87.32% 8.66% 4.02% 845.29 (18%) 

Link III 52.94% 24.80% 22.26% 3,407.56 (74%) 

Area 3E (Eastern Region) 

Link I 100.00% - - 120.46 (4%) 

Link II 95.69% 3.47% 0.84% 939.07 (29%) 

Link III 44.20% 31.61% 24.19% 2,164.30 (67%) 

Area 4N (Northern Area) 

Link I 100.00% - - 23.24 (1%) 

Link II 67.95% 19.58% 12.47% 134.69 (3%) 

Link III 50.56% 13.10% 36.34% 221.39 (5%) 

Link IV 3.20% 6.75% 90.05% 475.43 (11%) 

Link V - - 100.00% 3,485.72 (80%) 

Area 4E (Eastern Area) 

Link I 100.00% - - 27.43 (2%) 

Link II 100.00% - - 66.71 (4%) 

Link III 42.10% 19.30% 38.59% 161.21 (9%) 

Link IV 2.29% 12.19% 85.53% 421.85 (24%) 

Link V - 0.33% 99.67% 1,109.71 (62%) 

Source: Author 

The result of Link classification has a logical consistency confirming that Link classification can be 

applied in Thailand. For each area of classification, the higher Link status roads have lower lengths 

than the lower Link status roads, as shown in Table 6-12. This consistency of Link classification is 

observed even though the areas of classification are in two different geographical areas of 

Thailand—the hilly Northern region and the flat coastal Eastern region.  

The distribution of road ownership in different link statuses also revealed some interesting 

findings. Based on Link classification areas 1 and 2, DOH seems to own almost all the Link I and 

Link II roads. Still, in area 3, it was found that DOH owns a more significant proportion of the Link 

III roads that do not provide connections at the national level. The contrasting results were found 

on the Link classification areas 4 as opposed to areas 3. The road classified as Link III, which are 

distributed more evenly between DRR and LGOs in area 3, has a higher proportion of LGOs owners 

in area 4. This could explain why many LGOs have expressed concern over the burden in funding 
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the roads over their capacity. The findings from the comparison between ownership arrangement 

and Link statuses confirm the observations in Chapter 5 that the current arrangements of the 

road administrations hinder efficient road investment. It also supports the need to consider 

rearranging road ownership according to the Link function.  

6.3 Place Classification 

6.3.1 Methodology for Place classification 

The method for Place classification depends on how the Place status is identified. This section 

reviews the existing literature on Place classification and proposes the method to be used in 

Thailand. 

6.3.1.1 Reviewing the methods for place classification 

According to the literature, Place classification was applied by TfL in London (P. Jones et al., 2007) 

and Birmingham (Budhiraja et al., 2014). In London, Place status was classified in six levels. In 

Birmingham, five levels of Place status were used. Place status is considered based on each zone's 

significance and gives the status to the zone through which the road passes. The definition of 

Place status in both cases in London and Birmingham was based on the size of catchment. For 

instance, Place A has a large catchment that can attract national and international users. In 

contrast, Place E/F has only a small catchment attracting only those users from direct frontages, 

such as residential areas. Table 6-13 summarises the catchment criteria for Place classification in 

London and Birmingham. 

Table 6-13: Summary of the catchment criteria used to classify Place status in London and Birmingham 

London Birmingham 

Place status A - (Inter)national: Place of national and 

international significance 

 

Place status A - National/city regional level: Places with a 

catchment that spans the whole city or beyond, which 

generate high volumes of activity 

Place status B - City: Places that contribute an 

important and valued role to the entire city, although 

they may not be necessarily widely known at a 

national level 

Place status B - Sub-regional level: Places with a catchment 

that extends over a sector or city quarter of Birmingham, that 

consist of predominantly town centre uses, or are designated 

growth areas 

Place status C - Sector: Places that serve a sector of 

a large city, but would not normally have a city-wide 

catchment area 

 

Place status C - District level: Streets/places that serve a role 

as a shopping area or commercial centre at a district level, 

neighbourhood areas with associated social and community 

infrastructure 

Place status D - District: Streets/Places that serve a 

role, for example shopping or commercial uses, at a 

district 

Place status D - Neighbourhood level: Areas of local 

significance. A significant group of shops usually including 

one or more smaller food stores 

Place status E - Neighbourhoods: Local 

streets/Places acting as destinations to local users 

Place status E - Local level: Predominantly residential areas.  

 

Place status F - Local: Most local access streets with 

no interest from the wider area/used for 'Place' 

activities only by immediately adjoining frontages 

N/A 

 

Source: Author’s summary from Jones et al. (2007) and Budhiraja et al. (2014) 
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The size of a catchment also differs by the type of land use. In the London case study, the types 

of land use were grouped by the urban characteristics for different areas. For example, an urban 

centre consists of civic buildings and commercial areas, while a suburban area is characterised by 

residential land use. Additionally, the study in Birmingham also considered the type of Place that 

could boost the status of the existing land use. The presence of a significant place can attract 

people from other zones and increase activities on the roadside. For instance, the presence of a 

hospital may boost the existing status to Place B. The details of the full list for land use and types 

of Place that are relevant to Place classification in both studies are summarised in Table 6-14. 

Table 6-14: Land use types and types of places that affect the status of Place 

London Birmingham 

Latent status by type of land use with variations 

- Urban centre, commercial and civic - (Place status A-D, 

most likely B): Dominated by substantial commercial, 

public and institutional buildings. High volumes of 

workers and visitors, particularly at rush hour and 

lunchtimes. 

- Urban retail and commercial - (Place status A-C, most 

likely C): Premier retail locations and high streets 

dominated by retail activities and often with residential 

buildings 

- Urban residential - (Place status D-F, most likely E): 

Privately owned residential buildings with direct street 

access, often of significant stature 

- Suburban commercial and industrial - (Place status D-F, 

most likely D): Predominantly commercial and industrial 

land type uses within suburban London. The buildings are 

set back from the carriageway, at the back of verges with 

access most often via service roads 

- Suburban residential - (Place status D-F, most likely F): 

Dominated by semi-detached two-storey suburban and 

residential housing in character with frequent crossovers 

and no service roads 

- Suburban/rural fringe - (Place status E-F, most likely F): 

Largely rural landscape with a predominance of open 

space edged by individual trees, hedges and woodland. 

The built environment is generally set well back and may 

not be visible from the streets 

Latent status by type of land use 

- Place status A: City Centre Inner Core 

- Place status B: City Centre Outer Core; District 

Growth Areas; Regional centres; Regional 

investment sites (high-quality employment sites); 

Sub-regional centre; District Growth Areas; Other 

district centres; Growth areas 

- Place status C: District Centres; Shopping Parades, 

including small shopping high street centres less 

than 5,000 sq.m. 

- Place status D: Neighbourhood Centres; 

Conservation Areas 

- Place status E: Existing residential; Housing 

development; Housing regeneration  

 

Status booster by the presence of these Places 

- Place status B: Hospitals; Universities/large 

colleges; Stadiums 

- Place status C: GPs; Secondary schools; Leisure 

Centres 

- Place status D: Primary schools; Large parks; 

Listed buildings; Schedule Ancient Monuments  

- Place status E: Small Parks /Amenity spaces 

Source: Author’s summary from Jones et al. (2007) and Budhiraja et al. (2014) 

From the examples above, five types of land uses can be identified, as shown in Table 6-15. The 

first type is civic, which is predominantly government services such as public buildings, hospitals 

and schools. The second type is business, which includes commercial places such as high-street 

retail and shopping malls. The third type is recreational land use, which is the place for physical 

activities such as stadium and parks. The fourth is land use for the architectural quality of the 

buildings located, such as historic buildings of high architectural value. The last type is production, 

where industrial sites would be located.  
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Table 6-15: Types of land uses and place types located within each land use type found in the UK case studies 

Type of land use Type of Place 

Civic Public and institutional buildings; Hospitals; Universities/large colleges; GPs; 
Secondary schools; Primary schools; 

Residential Residential buildings; semi-detached two-storey housing 

Business Retail; High-street shops; Shopping Parades 

Recreational Stadiums; Leisure Centres; Large parks; Small Parks /Amenity spaces 

Architectural significance of the 

building 

Listed buildings; Schedule Ancient Monuments 

Production Industrial buildings 

Source: Author 

6.3.1.2 Proposed method for Place classification in Thailand 

Since the definitions of Place status in Thailand and in the UK are quite similar, this study proposes 

to use a similar catchment method to identify Place status in Thailand, as shown in Table 6-16. 

Table 6-16: Proposed catchment criteria for 5 levels of Place status used for classification in Thailand 

Place status Catchment criteria 

Place A Places of national and international significance 

Place B Places that contribute an important and valued role to the entire city, although they may not 

necessarily be widely known at a national level 

Place C Streets/Places that serve a role, such as shopping or commercial uses, at a district level, but not 

frequently accessed by users from other wider areas 

Place D Local streets/places acting as destinations for local users 

Place E Most local access streets with no interest from a wider area/used for 'Place' activities only by 

immediately adjoining frontages 

Source: Adapted from Jones et al. (2007) 

This study has made some adjustments to the criteria for Place classification according to land 

use type. This is because the study has widened the scope of Place classification from only the 

urban context to the countrywide context. There were limitations in the availability of land use 

map data which do not cover all areas in Thailand, meaning it was necessary to widen the types 

of land use in more rural areas.  

In Thailand, the land use colouring produced by the Department of Public Works and Town and 

Country Planning (DPT) has been widely recognised as an official document designating the area 

for development. For this reason, this study employed the DPT designation of land use colouring30 

to identify the overall types of land use in Thailand. The colouring for land use by DPT shows the 

density level and the restriction of use for specific places. For example, the red colour indicates a 

dense zone which is usually home to a mixture of residential and commercial buildings.  In contrast, 

purple colour indicates an industrial zone which allows a factory to be built.  

 
30 https://www.dpt.go.th/knowledges/TCplanning/symbol/symbol.html (Accessed May 2019) 

https://www.dpt.go.th/knowledges/TCplanning/symbol/symbol.html
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Following the colouring information from DPT, seven types of land use in Thailand could be 

identified: residential, business, production, conservation, the architectural quality of the building, 

tourism and civic. In addition, the presence of transportation interchanges, such as a bus terminal 

and immigration control, also attract a large volume of people, which adds to the activities 

alongside the road. Hence, the eighth category of transport land use has been included for the 

classification of Place status in this study, as summarised in Table 6-17.  

Table 6-17: Proposed types of land use for Place classification in Thailand 

Type of land use Description 

Residential Place where residential building is located 

Business Place for commercial and retail 

Production Area where industrial buildings and other production premises are located 

Conservation/recreational Natural zone designated for non-development and the place for leisure activities 

Architectural quality of the building Site of architectural importance and historical value 

Tourism Place provided for tourism and tourist accommodations 

Civic Place that provides government services 

Transport Place that people visit for transport interchange 

Source: Author 

Since there is a lack of land use characteristic data (e.g. urban town centres, suburban fringe) 

nationwide, the Place status was identified by the type of premises that contribute to such Place 

status—such as in the status booster applied in Birmingham in Table 6-14. This requires the study 

to identify almost every type of place located in Thailand.  

BMA-detailed land use criteria31 were used to indicate the different types of place allowed being 

located under each land-use type designated by DPT. They also indicate the size of each building 

that is limited by the allowed density according to the DPT colouring. For example, a small 

commercial building has a size limit not exceeding 5,000 sq.m. This information helps to identify 

the relative catchment of each premises for Place classification.  

The identification of catchment has to consider both the individual size of the premises and the 

boost from the conglomerate effect that could contribute to greater significance. For example, a 

standalone shop may generate less attraction than a 5,000 sq.m retail centre. However, the shop 

can generate higher catchment if it is located within a row of other shops. Thus, zoning could 

boost the status of the Place. Using the proposed criteria, a detailed Place classification table was 

developed according to the land use types in Thailand, as shown in Table 6-18. 

 
31 http://download.asa.or.th/03media/04law/cpa/BMA_LandUse_2556.xls (Accessed February 2020) 

http://download.asa.or.th/03media/04law/cpa/BMA_LandUse_2556.xls
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Table 6-18: Development of detailed Place classification criteria with the land use types in Thailand 

 

Source: Author’s analysis of land-use types for Place classification with existing land use in Thailand (Land use data: DPT, Relative significance data: BMA)

Type of 

land use
Place A (National)

Place B 

(Regional/Provincial)
Place C (District) Place D (Subdistrict) Place E (Local)

Criteria Places of national and international 

significance

Places that contribute an important and 

valued role to the whole city, although they 

may not be necessarily widely known at a 

national level

Streets/Places that serve a role, for 

example shopping or commercial uses, at 

a district level but not frequently accessed 

by users from other wider areas

Local streets/places acting as 

destinations to local users

Most local access streets with no interest 

from wider area/used for 'Place' activities 

only by immediately adjoining frontages

Residential

Residential - High-rise residential building (> 5,000 

sqm.)

- Housing (Detached, twin, row)

- Low-to-medium-rise residential building 

(<= 5,000 sqm.)

Yellow - Orange

Business

Commercial - Nationally renowned commercial store 

(e.g. Flagship department store)

Zoning

- Nationally renowned dense commercial 

zone

- International tourist attraction such as 

renowned walking street

- Large commercial building (> 10000 

sqm.) (e.g.  department store)

- Market (> 5000 sqm.)

Zoning

- Provincially renowned dense commercial 

zone

- Provincially tourist attraction such as 

walking street

- Medium commercial building  (5000-

10000 sqm.) (e.g. specialised store)

- Market (1000 - 5000 sqm.)

Zoning

- Row of dense small commercial buildings

- Small commercial building (<= 5000 sqm.)

- Market (<= 1000 sqm)

- Abandoned building

Convention centre - National convention centre - Large convention centre - Small convention centre

Office Zoning

- High-rise office building (>10000 sqm.) in 

CBD

- High-rise office building (>10000 sqm.)

Zoning

- Low-to-Medium rise office building (300-

10000 sqm.) in CBD

- Low-to-Medium rise office building (300-

10000 sqm.) 

Zoning

- Small office (<=300 sqm.) in CBD

- Small office (<= 300 sqm.) 

Service - Gas station / with rest area service - Gas holder / Oil terminal

- Wastewater treatment plant

- Hazmat plant

- Garbage dump

- Scrap yard

Production

Industry Zoning

-Medium and large factory (100-500 sqm. 

And > 500 sqm.) in industrial zone

- Medium factory (100-500 sqm.) 

Zoning

- Small factory (<=100 sqm.) in industrial 

zone

- Warehouse in the industrial zone

- Small factory (<= 100 sqm.) - Small local workshop Purple

Agriculture - Farm. plantation, pasture

- Mill, slaughterhouse

Dark green

Aquaculture - Aquafarming, fishery Light blue

Mining - Quarry / mine

Conservation

Restricted natural area Type 3 (Need permission / EIA 

Required / Need government 

cabinet's approval)

- National Park

- Wildlife Sanctuary

- First-order watershed area

- Mangrove forest within National 

Reserved Forest

'Type 2 (Need permission / EIA 

Required)

- Non-hunting area

- Second-order watershed area

- Areas within 2 km of the wetlands that 

have international importance or world 

heritage site

- Areas within 50 meters from the coast

- Areas within 2 km of the archaeological 

sites

Type 1 (Need permission / EIA Not 

Required)

- National reserved forest

- Additional conservative forest

Light green

Performing arts - Theatre of provincial importance or 

higher

- Theatre of district importance - Local theatre

Sports - Large sport stadium and sports complex 

(e.g. football, racing circuit, racecourse, 

large swimming pool)

- Medium sport stadium (e.g. football, 

racing circuit, racecourse, large 

swimming pool)

- Small sport venue (e.g. shooting gallery, 

swimming pool, gym)

Amusement parks - Provincially renowned amusement park 

or higher

- Districtly renowned amusement park 

Entertainment venue - Provincially renowned entertainment 

venue

- Districtly renowned entertainment venue - Local entertainment venue

Recreational - Public park of provincial importance - Public park of district importance - Recreational ground

Zoo - Large zoo - Small zoo

Architectural 

Historic architectural 

quality

- World heritage site (e.g. Historic city of 

Ayutthaya)

- Royal palace

- National theatre (heritage)

- Listed buildings of historic importance - Local conservation zone (e.g. preserved 

old town)

- Street patterns of higher quality Light brown

Tourism

Hotel - Medium to large hotel (e.g. 50-80 to >80 

rooms)

- Small hotel (e.g. 50 rooms and below) Red

Natural attraction - Nationally renowned natural tourist 

attaction (e.g. beach, valley, reserviour, 

hotspring)

- Provincially renowned natural tourist 

attaction (e.g. beach, valley, reserviour, 

hotspring)

- Districtly renowned natural tourist 

attaction (e.g. beach, valley, reserviour, 

hotspring)

- Local natural tourist attaction (e.g. 

beach, valley, reserviour, hotspring)

Light green

Museums - National museums - Other museums

Religious - Religious establishment of provincial 

importance and higher (e.g. nationally and 

internationally renowned temple)

- Religious establishment of district 

importance (e.g. temple)

- Other Religious establishment (e.g. 

temple)

- Crematoium / Tomb Light grey

Civic

Education - University / College - Large school - Small local school

Health cares - Provincial level hospital - District level hospital - Local health centre

Government - National government complex

- National parliament

- Provincial city hall

- Provincial government office complex

- District government office/service - Subdistrict government office/service

Transport

Water - Provincially significant port (e.g. seaport, 

major tourist island connection pier) or 

higher

- Districtly significant port (e.g. island 

connection pier, high-volume river boat 

pier)

- Local port (e.g. river boat pier)

Air - Major airport - Other commercial airport

Rail - Central railway station - Regional railway station - Local railway station

Road - Inter-provincial bus terminal - Local bus terminal - Bus stop

- Taxi stand

- Motorcycle hire

- Parking lot

Immigration - Class 1-2 Border checkpoint/ 

immigration office

- Class 3 Border checkpoint/ immigration 

office

- Class 4 Border checkpoint/ immigration 

office

- Class 5 Border checkpoint/ immigration 

office

N/A

N/A

N/A

N/A

N/A

Land use colouring 

in Thailand *

Red

Blue

The primary land use colouring is the colour 

that specify the most intense type of land 

use allowed in the zone. 

For example, the housing can be built in the 

industrial zone but the industry cannot be 

built in the residential zone. 

Business

Residential 

Production

Conservation

Tourism and Culture

Civic

Public Transport

Architectural quality of the building

Recreational
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The detailed criteria for the classification of Place status in Thailand from Table 6-18 were 

simplified, as shown in Table 6-19. It provides a quick summary for the list of premises under each 

type of land use on the left-hand side that contributes to the Place status at the top. 

Table 6-19: Summary of criteria used for place classification in Thailand case study 

Type of place 
Place Status A 

(National) 
Place Status B 

(Regional/Provincial) 
Place Status C 

(District) 
Place Status D 
(Sub-district) 

Place Status E 
(Local) 

Criteria  Places of national and 
international significance 

Places that contribute an 
important and valued role 
to the whole city, although 
they may not be 
necessarily widely known 
at a national level 

Streets/Places that serve a 
role, for example shopping 
or commercial uses, at a 
district level but not 
frequently accessed by 
users from other wider 
areas 

Local streets/places acting 
as destinations to local 
users 

Most local access streets 
with no interest from a 
wider area/used for 'Place' 
activities only by 
immediately adjoining 
frontages 

Residential 

   

• High-rise condominium 
• High-density residential 

area 

• Other residential areas 

Business/Retail • International retail 
district (i.e. area of high 
density large-sized 
retail) 

• Major department store 
• Large generic and 

specialised market 
• Dense medium 

business premises 

• City centre business 
zone (i.e. area of high 
density of small 
business premises) 

• Medium market 
• Medium-sized general 

retail 

• Local Small business 
zone 

• Low to medium density 
of small business 
premises) 

• Office building 
• Small retail 
• Small market 
• Medium specialised 

business 

• Abandoned sites 

Production 
 

• Major industrial zone 
• Large factory 

• Warehouse zone 
• Medium factory 

• Small factory • Agriculture area 
• Local Industry 

Conservation/Recreational • National Park, 
Protected Forest etc. 

• Large stadium 
• Zoo 

• Small stadium 
• Public park 
• Large Recreational 

Ground 

• Small Recreational 
Ground 

 

Architectural quality of the 
building 

• World heritage site (e.g. 
listed building levels) 

• Royal Palaces 

• Provincial heritage site 
• Old town area 

• Local conservation area • Street pattern of higher 
quality 

 
Tourism/Culture • International Tourist 

Attraction 
• National Museums 

• Urban Tourist 
Attraction (e.g. walking 
street) 

• Other Museums 
• Major Rural Roadside 

Scenery (e.g. majestic 
mountains) 

• Rural Tourist Attraction 
and Roadside Scenery 
(e.g. beach, valley, 
reservoir, hot spring) 

• Medium and large 
religious establishment 
(e.g. temple) 

• Small religious 
establishment (e.g. 
temple) 

• Hotel, Lodging 

 

Civic • National parliament 
• National government 

complex/office 
• Large national/regional 

level hospital 

• Provincial city hall 
• Provincial government 

office complex 
• Provincial Level 

Hospital 
• Provincial Level School 
• University 

• District town hall 
• Provincial standalone 

government office (non-
civic types) 

• District government 
office complex 

• District Level Hospital 
• District Level School 

(e.g. high school and 
college) 

• Sub-district government 
office  

• Health centre 
• Primary School and 

below  
• Police station  

 

Transportation 
/Immigration 

• Major airport 
• Class I border 

checkpoint/immigration 
office 

• Inter-provincial bus 
terminal 

• Railway terminal/main 
railway station 

• Pier to an important 
island and major port 

• Class II border 
checkpoint/immigration 
office 

• Other transport stations 
• Bus stop hub 
• Class III border 

checkpoint/immigration 
office 

• Class IV border 
checkpoint/immigration 
office 

• Local bus stop 
• Taxi stand 
• Motorcycle hire 

• Parking lot 

Source: Author 

6.3.2 Practical steps for Place classification in the case study area 

For a complete workflow, two steps are designed for the place classification. The first step is to 

identify the transition points of place statuses, and the second step is the review step.  
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6.3.2.1 Step 1: Identify the segments with similar Place Statuses 

In the first step, Google Street View photos are used to identify the place statuses along the road. 

The coordinates of the photos at the transition points can be placed in GIS software such as ArcGIS 

to pinpoint the location of transitional place status along a road segment (see Figure 6-22). The 

end of the wall of an important premises, the transitional point between the agricultural and 

residential area, or natural border such as river where the left and right sides have different land 

uses can be used as an identifier for a road segment of specified place importance. Moreover, 

the saved pictures of an important place along the road segment can be geocoded and placed as 

a reference in the GIS software. 

 

Figure 6-22: Coordinates from Google Street View photo used to identify the location of place status transition point in 
GIS software (picture courtesy of www.google.co.uk/maps) 
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Special consideration: the side of the place to classify the Place Status on the street 

The Place Status on the street is not only considered based on the importance of the premises 

next to it; the side that has access on the street is also considered. If a place has one side access, 

only the street segment on the side with access to that place (shown as a door sign in Figure 6-23) 

will be classified for the site’s Place Status. Similar consideration is applied for a place with access 

on many sides, such as a monument or park, where the street segment may be classified on every 

side to which the site has access. To find out the site’s access, a Street View picture, rather than 

an aerial satellite image, is recommended. 

                          

Source: Author 

Figure 6-23: Place status of a road segment determined according to the importance of place next to it with access 

6.3.2.2 Step 2: Review the place classification 

Once all the place statuses on a specified area of investigation have been identified, the second 

step is to review the consistency of the classification. This is because the place classification is 

carried out section-by-section, but does not bring about the bigger picture of the land use. The 

following steps 2.1 and 2.2 explain the critical reviews that should be carried out.   

a. Step 2.1: Reviewing the roads that have no immediate access to a place of high importance 

In some situations, a site may not have immediate access to a main street and leads to the initial 

classification for that street as being unimportant. However, a site may influence the livelihoods 

of the people on the street. The street design may have to accommodate for this as well.  

In this review step, the street segment that stays a bit far from the place of high importance is 

brought up for place reclassification consideration—particularly for the Place status on the street 

with higher Link Status that is located within walking distance (i.e. 100 metres) from a site with 

high Place importance.  
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As shown in Figure 6-24, the main street with Link Status IV is located off the immediate access 

of the site with importance B (i.e. a large provincial market). This street is initially classified for 

Place Status D according to the immediate access to the site of Place Importance D next to it. 

However, the large market does not have direct access to the main street, but is located less than 

100 metres away from a building with open space in between. Therefore, the main street is 

considered for adjustment of its Place Status to B. 

 

Source: Author 

Figure 6-24: Reviewing process for the Place Status of the road that has a Link Status 

This method of reviewing for Place Status can be applied for street classification near the places 

that attract a high number of people such as stadiums, large public spaces, and important tourist 

attractions. This method may not apply to the place status on restricted places such as a national 

park. 

b. Step 2.2: Place status by the association of nearby road segments 

There can be a case where there are two road segments with place status D with a short section 

of E status in the middle, as illustrated in Figure 6-25. From the planners’ perspective, it is more 

efficient to provide a uniform type of infrastructure on the road, 200 metres, for example, rather 

than changing the design every 25 metres. Hence, the segments labelled E with D in between 

may need to be merged with the adjacent segment if the length is short. In this case, the 

maximum distance for which this short segment constitutes a merge needs to be decided. 
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Source: Author 

Figure 6-25: Short road segment surrounded by higher Place Status may need to be merged  

There is also the case where the higher Place statuses are different, such as Place E surrounded 

by Place C and D, as shown in Figure 6-26. A decision must be made for the final merged segment 

in terms of what status it should become. Furthermore, there can be a multitude of opportunities 

for merging if considering the variations in land use types. 

 

Source: Author 

Figure 6-26: Decision for the final status of a merged segment when there are different surrounding Place statuses 
needed 

A general rule for Place status merging that is useful in practice needs to be considered from the 

observations above. Three main considerations need to be made: 

(1) The length of the segment that needs merging. 

(2) The final status after merging. 

(3) The type of land use the final merged segment should become. 

Welsh Office (1996) stated that “a location within easy walking distance of the (town) centre 

normally not more than 200–300 metres from existing town centre shops”. It can be inferred from 

D

D

D

E

E

E

E

Merge E with adjacent?

E

D

D
E

C

E

If merge E, what 
should the new 
status be, C or D?
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this statement that 200 m is the minimum size of an effective Link & Place segment that 

contributes to the generation and attraction of Place activity. Hence, the maximum length of a 

segment that needs to be considered for merging is 200 m. 

For the second consideration on what status the merged segment be, to provide the most 

economical yet sensible solution, this study proposes that the merged segment should follow the 

Place status that is closer to the original. If both surrounding segments have higher Place status, 

the merged segment should boost the status up to the lowest of either. However, if one 

neighbouring segment has lower Place status and another has higher Place status, this study 

proposes to boost the segment status to the level of the higher Place status segment. Boosting 

the road segment in high place importance will allow planners to provide higher quality place 

infrastructure and improve the environment for place users. Finally, if the surrounding segments 

have lower Place status than the segment under consideration, merge them with the higher Place 

status segment. 

The third consideration is the type of land use of the merging segments. The types of land use 

give requirement to the performance level. For example, street lighting may not need to be 

provided in an area for conservation land use, even though it is classified as Place A. However, 

Place A shopping district and tourism should be provided with the highest quality lighting for 

users’ convenience. Hence, there is an element of affinity between different types of land uses 

which, in this case, conservation land use function in lighting provision is less related to tourism 

and business land use. Merging the segment to the surrounding segment with higher affinity 

ensures that the infrastructure provision is as close to the requirement as possible. This affinity 

can be called a “similarity rating”.  

A similarity rating helps to determine the surrounding segment that the short segment under 

consideration needs to be merged in two cases: (i) in the case of both surrounding segments has 

the same Place status with it but have different land uses, or (ii) in the case of the surrounding 

segments have higher and similar Place status but a different type of land use.  

For practical reasons, the similarity rating is considered from the differences of performance 

thresholds for problem identification that will be discussed in detail in Chapter 8. The similarity 

rating between each pair of land uses is shown in the cell matrix. Each cell has a minus value. A 

higher minus value indicates a less similarity rating, which means that a pair of land uses has less 

affinity for the performance requirement. The result of the similarity matrix between pairs of land 

uses in this study is illustrated in Figure 6-27. The method for the development of the similarity 

matrix is shown in Appendix F.  
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Source: Author 

Figure 6-27: Proposed similarity matrix for the different land-use types 

A general flow for criteria for considering the maximum distance of the segment that needs to be 

merged with the decision to merge into the adjacent segment with different Place status and 

land-use types was established as shown in Box 6-4.  

Box 6-4:  Criteria for merging of Place and land use types 

Merging Rule 1: Looking at the shortest segment that is shorter than 200 m; if either neighbouring segments 

have higher place status than the selected segment, consider merging this segment to the segment(s) next 

to it under the following circumstances:  

Case 1.1: If both neighbouring segments have the same place status, merge this segment to either or 

both surrounding segment(s) that has the highest similarity rating. Assign the place status 

and land use type of the merging segment to it.  

Case 1.2: If both neighbouring segments have different place statuses, merge this segment to the 

surrounding segment that has the lower place status of either end. Assign the place status 

and land use type of the merging segment to it. 

Merging Rule 2: Looking at the shortest segment that is shorter than 200 m; if both neighbouring segments 

do not have higher place status than the selected segment, consider merging this segment to the segment(s) 

next to it under the following circumstances: 

Case 2.1: If both neighbouring segments have similar place status, merge this segment to either or both 

surrounding segment(s) that has the highest similarity rating. Assign the place status and 

land use type of the merging segment to it.  

Case 2.2: If both neighbouring segments have different place statuses, merge this segment to the 

surrounding segment that has the higher place status of either end. Assign the land use of 

the merging segment to it. 

The criteria above can be shown using a flowchart, as shown in Figure 6-28. 

Conservation Residential

Civic/ Tourism/ 

Architectural 

Quality

Business/ 

Transportation Production

0 -1 -4 -5 -8 Conservation

0 -2 -2 -5 Residential

0 -3 -7
Civic/ Tourism/ 

Architectural Quality

0 -6
Business/ 

Transportation

0 Production

The lower negatives similarity rating, 
the higher affinity of the selected pair 
of land uses
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Source: Author 

Figure 6-28: Flowchart for the segmentation and merging of different Link & Place and land use types 

 

Figure 6-29 illustrates the actual process for segment merging. Merging is started when there is 

any segment shorter than 200 m identified. The segment with the shortest distance is selected 

for merging. Once the shortest segment is merged, recheck the result and see if there is any 

segment that is shorter than 200 m. If so, repeat the process until there are no more segments 

shorter than 200 m. 
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Terminate

Does it have a higher place status 
segment next to it?

Case 1.2: 
Merge it to the lowest 

place status segment 
of both ends

Case 2.2: 
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segment of both ends

Yes

Yes

No

No

Recheck

Start

Rule 1: Merge higher place
Do both neighbouring segments 

have the same place status?

Case 1.1:
Merge it to the 

segment that has the 
most similar land 

use type

Rule 2: Merge same/lower place
Do both neighbouring segments 

have the same place status?

Case 2.1:
Merge it to the lowest 

place status segment 
of both ends

Yes No NoYes

Selection criterion: 
Select the shortest segment; if tie, 

select the lowest place status
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Abbreviations: [BR] = Business land use, [PR] = Production land use; E[BR] represent Place status E with [BR] land use (Source: Author) 

Figure 6-29: Merging process is done multiple rounds until the length of the shortest segment is 200 m or higher 

6.3.3 Applying Place classification to the case study 

Two types of place classification were developed to test the application of the place criteria for 

the case study. The first type of place classification is the corridor-based classification. It 

designates the place status along a selected corridor of similar Link characteristics, which might 

be suited for road authority workflow. The second type of place classification is area-based 

classification. It is designed for classification of place status within a bounded area of interest, 

particularly in a built-up area. 

6.3.3.1 Place classification by corridor case study 

The corridor that was selected for the Place classification is the Doi Saket (Chiang Mai) to Chae 

Hom (Lampang) in the Northern Region. This corridor is an 82-km corridor which involves the 

roads passing through Chae Sorn National Forest and also passing through various types of land 

use such as built-up areas of various sizes, including those for tourism and agriculture. The 

corridor is divided into 5 segments, as shown in Figure 6-30. The description of each segment is 

outlined in Table 6-20. 

Table 6-20: Description of the segments for Place classification in the corridor case study 

Segment Name Description 

1 Doi Saket – Mae Pong This Link I road segment connects Doi Saket, a suburban area of Chiang Mai, 

to a road entering Mae Pong area 

2 Mae Pong – Chae Sorn This segment of Link III road is an entrance to Chae Sorn National Forest, 

passing through rural villages and some rural tourist attractions 

3 Chae Sorn – Muang Pan This segment shows the road passing through the mountainous Chae Sorn 

National Forest, which is protected land for natural conservation 

4 Muang Pan – Chae Hom This road segment leads to the built-up area of Muang Pan district, which is a 

gateway to Chae Hom district in Lampang Province 

5 Chae Hom – Ban Pan This segment passes through Chae Hom, which is a suburban district in the 

north of Lampang hosting a mixture of government offices and civic offices. 

Source: Author 
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Source: Author 

Figure 6-30: Selected corridor for the Place classification case study 

a. Results from the Place classification case study by corridor 

Link I and Link III were encountered in the corridor case study. For brevity, Segment 2 was used 

to exemplify how the criteria for Place classification were used in Table 6-21. Detailed results for 

all segments are shown in Appendix G.   

Table 6-21: Examples of Place classification in Segment 2 of the corridor case study 

 

 

Source: Author 

Result of Place Classification on Segment 2 of the Corridor Case Study 

Doi Saket

Chae Sorn National Forest

Chae Hom District

Chiang Mai

Lampang

Mae Pong

Chae Sorn

Muang Pan

Chae Hom

Ban Pan

3
4 5

2
1
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Pin Place classification in Segment 2 Rationale for classification 

1 

 
Road classification: III-D 

Type of place: Culture - Buddhist Temple 

Wat Ban Pong is a sub-district with significant 

religious value. The road segment that passes 

through the area is then designated as Place 

Status D. 

2 

 
Road classification: III-C 

Type of place: Rural Attraction – Hot spring 

Doi Saket Hot Spring is a district of significance 

due to its tourism value. The hot spring is 

located off the main road with an access road 

leading to it.  

 

The main road (Link Status III) is located less 

than 100 metres away. Thus, the main road, 

together with the access road, is designated as 

Place Status C.  

3 

 
Road classification: III-C 

Type of place: Rural Attraction – Royal Project 

Teen Tok Royal Project is a district with 

significance due to its tourism value. It 

comprises ecotourism and lodging. The road 

segment that passes through this place is then 

designated as Place Status C. 

4 

 
Road classification: III-D 

Type of place: Lodging – Homestays 

This is a section of road that passes through the 

homestays near Maekampong. These small 

lodgings are considered to be of sub-district 

significance. Thus, the strip of road in this area 

is classified as Place Status D. 

5 

 
Road classification: III-C 

Type of place: Rural Attraction – Adventure 

Maekampong is a district of significance due to 

its adventurous tourism. Although the location 

for such attraction is far off the main road, the 

main road is the only way leading to the 

entrance. Thus, the segment of the road in this 

area is designated as Place Status C. 
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b. Summary of findings from the corridor Place classification case study 

This corridor passes through the many types of land use such as a national forest, tourism area, 

and local business zones. As indicated by the colouring of the road lines in Figure 6-31, the Place 

statuses along the corridor vary from A-E.  

 

Source: Author 

Figure 6-31: Selected corridor for the Place classification case study and the result of Place classification 

Table 6-22: shows the composition of the Place classification per road ownership. The numbers 

in parentheses are the percentages of the road length compared with the total length owned by 

each road authority. Of the total length of the corridor of 82 kilometres, the share of ownership 

on this corridor is roughly equally distributed between DOH (30 km), DRR (27 km) and the LGOs 

(25 km).  

All roads that have Place Status A are situated within Chae Sorn National Forest, a conservative 

area restricted for land modification. The LGOs own most (90.8%) of the road classified as Place 

Status A. The roads owned by DOH and DRR are mostly classified as Place Status E, 42.9% of which 

belongs to DOH and 42.3% belongs to DRR. As the area is a national forest for conservation, a 

significant proportion (16.75 km) of the total road length is classified as Place Status A. 

If not counting the Place Status A, which has unusually high distance due to a special circumstance 

of the road passing a national forest, the road length of Place Status B to E is increased in 

ascending order from 0.24 km (Place Status B) to 52.28 km (Place Status E). This may suggest a 

natural order of Place Status composition. Interestingly, the majority of roads that have Place 

status over E, except A, are owned by DOH, which is the main road authority. This is counter to 

Doi Saket

Mae Pong
Chae Sorn

Muang Pan
Chae Hom

Ban Pan

Road classification: I-D
Type of place: Small Business

Road classification: III-A
Type of place: National Forest

Road classification: III-E
Type of place: Agriculture

Road classification: I-C
Type of place: Small Business

Road classification: III-D
Type of place: Lodging

Road classification: III-D
Type of place: Small Business
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the expectation that the local road authority may own the roads that have higher Place 

significance.  

Table 6-22: Composition of the Place Status by road ownership in the corridor case study 

Place Status 
Road Kilometre Length (% per Place Status) Total Km.  

(% of total length) DOH DRR LOCAL 

A  -    1.55 (9.2%) 15.20 (90.8%)  16.75 (20.3%)  

B 0.24 (100%)  -     -     0.24 (0.3%) 

C 1.27 (55.3%) 0.43 (18.8%) 0.60 (26.0%)  2.30 (2.8%)  

D 6.39 (57.5%) 3.48 (31.3%) 1.24 (11.2%)  11.12 (13.4%)  

E 22.43 (42.9%) 22.13 (42.3%) 7.72 (14.8%)  52.28 (63.2%)  

Total Km. (%)  30.33 (36.7%)   27.59 (33.4%)   24.76 (29.9%)   82.69 (100%)  

Source: Author 

Another observation is to measure the length of the road classified based on Link & Place status. 

Table 6-23: shows the Link and Place road classification proportions in the case study area. The 

percentage of road composition is road length compared with total road in kilometres.  

As observed, the corridor case study has road with two Link Statuses Link I and Link III. Link I is 

located at the first segment of the corridor in Doi Saket area with a shorter length of 13.17 

kilometres, while the rest is classified as Link III with a length of 69.52 kilometres. A large 

proportion (20.3%) of the road is classified as IIIA thanks to the large area of Chae Sorn National 

Forest that the Link III road passes through.  

Most of the road is classified as III-E (51.4%), while the least is I-B (0.3%). Due to limited types of 

Link classification in the corridor case study, it cannot be concluded that the composition of road 

length per Link level is increasing according to the level of Link. However, statistics do not show 

any contradiction to this hypothesis either.  

If set aside the status III-A, which has unusually large distance because of passing through the 

national forest, the road length per Link status increases from Place B to Place E. This might also 

suggest a natural order of Link and Place compositions. 

Table 6-23: Composition of Link and Place Status in the corridor case study 

Place Status 
Road Kilometre Length (% of Total Length) Total Km.  

(% of total length) Link I Link II Link III Link IV Link V 

A - - 16.75 (20.3%) - - 16.75 (20.3%) 

B 0.25 (0.3%) - - - - 0.25 (0.3%) 

C 0.28 (0.3%) - 2.02 (2.4%) - - 2.30 (2.7%) 

D 3.08 (3.7%) - 8.27 (10.0%) - - 11.35 (13.7%) 

E 9.56 (11.6%) - 42.49 (51.4%) - - 52.05 (63.0%) 

Total Km (%) 13.17 (15.9%) - 69.52 (84.1%) - - 82.69 (100%) 

Source: Author 
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6.3.4 Place classification by area case study 

The area that was selected for the Place classification case study by area is Phe Town in Rayong 

Province. Phe is a sub-district based on Thailand Administrative Classification. It is an interesting 

area because it contains many important tourist and cultural attractions. The south side of the 

town hosts beachfront and seaside resorts. The centre of the town consists of a renowned 

seafood market and piers for transport to a provincial tourism spot called Samed Island. 

The case study area was divided into four zones, as shown in Figure 6-32. Zone 1 in the northwest 

is the agricultural area. Zone 2 hosts renowned beachfront attractions and accommodations. 

There is a small area with a red hatch at the bottom right corner of zone 2 that belongs to the 

national park. Zone 3 is the town centre and the seafood market area. Lastly, zone 4 is located 

around the piers to Samed Island.  

 

Source: Author 

Figure 6-32: Case study area for Place classification by area and the division of its zones 

Zone 2

Zone 1
Zone 3

Zone 4

Market area

Pier area

Beach area

National park

Agriculture area
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6.3.4.1 Results from the Place classification case study by area 

The criteria for Place classification were applied to Zones 1-4 in the case study area. Google Street 

View Pictures were used to aid the classification of Place along the road. For illustration, the 

rationales for the classification in Zone 2 are used to exemplify, as shown in Table 6-24.  The 

detailed results for the rationale for Place classification in Zones 1-4 are provided separately in 

Appendix G. 

Table 6-24: Example of the rationale used for Place classification in Zone 2 in the case study area 

 

  

Source: Author 

Result of Place Classification on Zone 2 of the Area Case Study 

Pin Place classification in Zone 2 Rationale for classification 

1 

 
Road classification: IV-D 

Type of place: Civic – Water Treatment Plant 

The water treatment plant is a civic building 

serving Phe sub-district. Thus, this segment 

of the road is classified as Place Status D. 

1

2

3

4
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Pin Place classification in Zone 2 Rationale for classification 

2 

Road classification: IV-C 

Type of place: Lodging – Resort (Beach Status C) 

Phe beachfront is lined with many high-rise 

accommodations and resorts, which are 

considered as having sub-district 

importance.  

 

However, the beach itself is a tourist 

attraction with district importance. Thus, the 

street segment along the beach is classified 

as Place Status C. 

3 

Road classification: V-A 

Type of place: National Park 

The southeast side of Zone 2 hosts the Khao 

Laem Ya – Samed Island National Park. This 

area is considered of national importance. 

Thus, the streets that pass through the area 

are assigned Place Status A. 

4 

Road classification: IV-C 

Type of place: Attraction – Aquarium 

On the east side of Zone 2, where the road is 

connecting to the town centre, there is an 

aquarium. The aquarium is a tourist 

attraction of district significance. Therefore, 

the street segment that leads to the 

aquarium is classified as Place Status C. 

 

6.3.4.2 Summary of the findings from the area Place classification case study 

A summary of the results for Place classification within this local area is shown in Figure 6-33. 

From the figure, there are four levels of Link classified in the case study area: Link II-V. Link II in 

the north provides the main traffic into the town. The main characteristic of this central road is a 

four-lane dual-carriageway with a median. The Place statuses along the main road are mostly E 

with some small businesses at the crossroads classified as Place D.  

To the south, Link III that runs parallel to Link II offers the alternative route connecting the town 

centre in the market area. It offers greater variations and higher levels of Place status than the 

main road in the north. In the market area, where the Place status is the highest at level B, it 

shows that the road becomes narrower with more place activities such as dense market stalls 

alongside the road. The pier area, which has been classified as Place B, also attracts a high level 

of business from tourism. 
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Along the beach in the southernmost cape area shows a road that is classified as Link III. This road 

was designed with bike lanes, which attract active beachgoers. The Place status along this route 

is designated with level C for tourism purposes. At the end of the cape is an area designated as 

part of a national park. The road in this area, classified as A, is narrow with extended footway 

width to accommodate park visitors. 

 

Source: Author 

Figure 6-33: Overall results from Place classification by area in the case study zones 

Table 6-25 shows the composition of the Place Statuses by the ownership of the road. The 

percentage in brackets is the percentage of the road length per total length by each Place Status. 

There are only two road owners, DOH and local authorities, present in the Phe case study area. 

Out of 91.76 km of roads in the case study area, most roads (79.69 km) are held by the local 

authorities. The national road authority has as many variations of Place statuses as the local road 

authority. The compositions of Place Statuses higher than E were also more prevalent in LGO 

roads. 

Table 6-25: Composition of the Place Status by road ownership in the area case study 

Place Status 
Road Kilometre Length (% per Place Status) Total Km.  

(% of total length) DOH DRR LOCAL 

A - - 1.30 (100%) 1.30 (1.41%) 

B 1.37 (76.3%) - 0.43 (23.7%) 1.80 (1.96%)  

C 1.09 (17.0%) - 5.33 (83.0%) 6.42 (6.99%)  

D 4.54 (31.2%) - 10.01 (68.8%) 14.55 (15.85%)  

E 5.07 (7.5%) - 62.63 (92.5%) 67.70 (73.78%)  

Total Km. (%) 12.07 (13.2%) - 79.69 (86.8%)  91.76 (100%)  

Source: Author 

Road classification: II-D
Type of place: Small Business

Road classification: V-E
Type of place: Farmland

Road classification: IV-C
Type of place: Hotel (Beach Status C)

Road classification: III-B
Type of place: Pier to Samed Island

Road classification: III-B
Type of place: Signature Seafood Bazaar

Road classification: V-A
Type of place: National Park
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Table 6-26 shows the composition of road length by the Link and Place Classification in Phe area. 

The percentage in brackets is the ratio between road lengths by total road length in the area. The 

total length of the road is increased retrospectively to the Link & Place status. For example, Link 

II has a shorter length than Link III, while the total length of Place B is shorter than Place C.  

Table 6-26: Composition of Link and Place Status in the area case study 

Place Status 
Road Kilometre Length (% of Total Length) Total Km.  

(% of total length) Link I Link II Link III Link IV Link V 

A - - - - 1.30 (1.41%) 1.30 (1.41%) 

B - - 1.17 (1.27%) 0.27 (0.29%) 0.37 (0.40%) 1.80 (1.96%)  

C - - 1.15 (1.26%) 3.19 (3.48%) 2.07 (2.26%) 6.42 (6.99%) 

D - 1.58 (1.72%) 3.63 (3.96%) 7.31 (7.97%) 2.03 (2.21%) 14.55 (15.85%) 

E - 2.99 (3.26%) 2.29 (2.49%) 11.78 (12.84%) 50.64 (55.19%) 67.70 (73.78%) 

Total Km (%) - 4.56 (4.97%) 8.24 (8.97%) 22.56 (24.58%) 56.40 (61.47%) 91.76 (100%) 

Source: Author 

6.4 Lessons learned and suggestions for further development 

6.4.1 Summary of findings and suggestions for further development in this thesis 

This study develops and applies Link & Place classification to the road network nationally in a 

global south country. The results of applying the Link classification to four areas in Thailand show 

that the road's lengths increase when moving down the road hierarchy. These results are 

consistent in both the Northern and Eastern regions, which have different topographical 

characteristics, and are also consistent with the findings from other countries. Moreover, the 

Place status can be successfully defined in the case study areas, on a corridor case study in the 

mountainous Northern region and in a local area case study in a flat/coastal Eastern region. This 

shows that Link and Place road classification is applicable to Thailand.  

The findings from a comparison of Link status and ownership show that the existing arrangement 

of ownership does not allow the road to be optimally managed by the road authorities. The 

majority of roads in urban areas that are classified as Link III (i.e. roads that pass more than one 

local jurisdiction) belong to LGOs. Moreover, Link III roads in the more rural areas that provide 

intra-provincial connections are mostly owned by DOH, the national road authority. This suggests 

a need for ownership arrangement that is in accordance with the intended roles of the road 

authorities.  

The findings from Place classification indicate that a road that provides a better movement 

function (i.e. higher Link status) is less attractive for roadside activities (i.e. lower Place status), 

while a road that has lower movement function is more important for roadside activities. This 

means that the roads that do not attract high traffic may indeed provide more opportunities for 
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the businesses on the roadside, thus generating more economic benefit for the local areas. If the 

local governments could generate additional funding from the revenue gained from local business 

activities, it could help to reduce the problem of lack of funding to maintain the roads. Thus, 

designing a new funding arrangement that allows the local authority to attract more funding from 

the local roads that have high Place status will grant additional funding to maintain their roads.  

The next step for this study is to develop a method to integrate the Link & Place road classification 

into the investment planning regime for Thailand. This includes setting up a road ownership 

transfer plan between different road authorities and creating a new funding arrangement, which 

will be proposed in Chapter 7. Link & Place will be used as the basis for the problem identification 

and prioritisation method to be used and consistently applied by all road authorities in Chapter 

8. Further, the developed method will be applied to the case study in Chapter 9. 

6.4.2 Technical limitations 

There are some technical difficulties from using the Google Streetview picture for Place 

Classification. First, the pictures show land use in the past, meaning at the time the photos were 

taken. Thus, they may not reflect recent changes. Second, the coordinates acquired from Google 

may not be accurate because they pinpoint the location of the street segment where the photo 

was taken, not the actual location where the transitional Place Status takes place. Third, the 

pictures give a 2D view of the premises, which cannot be used accurately for the measurement 

of dimensions. 3D imagery of the land use could be more helpful in identifying the Place Status 

and measuring the number of amenities surrounding the street. 

The current approach is desk-based, which can initially produce the Link & Place statuses from 

global perspectives. To further calibrate Link & Place classification accuracy, local people may be 

consulted to offer their perspectives on the relative importance of specific destinations. This can 

be accomplished by conducting a random survey to the people in different areas. If the 

destination is nationally recognised, most of the people from the other regions should recognise 

that place. The same is likely valid for the provincial, district, sub-district, and local destinations. 

This can help verify the Link & Place statuses and calibrate to help better understand road usage. 

This study only observes small areas, which may not represent the overall characteristics of all 

variations of land uses in Thailand. To confirm the findings, additional insights from a different 

study are needed. 

6.4.3 Other potential direct applications of Link & Place classification 

There are additional potential direct applications from the Link & Place classification. The first 

application is to identify missing links. If the existing road does not directly connect destinations, 
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an additional road may be provided to reduce the time spent. Missing links can be identified from 

the length variations based on the actual route and the desire lines. The second application is the 

diagnosis of road accessibility to places of high status. With the revelation in the road reviewing 

process on the road within 100 metres away from the high importance places in step 2.1 (see 

page 201), it could be applied to diagnose the accessibility of the roads around these places. The 

exact method for such applications is provided in Appendix H. 
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 Implication for ownership and funding arrangement 

Implication for ownership and funding arrangement 

 

Although more than twenty years have passed since the most recent road transfer in Thailand in 

1997, the effect of that road transfer is still felt by the national and local government. The 

disruption it caused has made funding become a problem for road management. LGOs have been 

encumbered by the sections of roads they cannot maintain, let alone upgrade to accommodate 

the growth of towns. On the other hand, the results from the interviews in Chapter 5 indicate 

that the national road authorities regret the poor decisions they made to transfer the parts of 

their network that would become critical links. Better information would have likely resulted in a 

better rearrangement of their assets. This could have eliminated the on-going funding crisis 

resulting from unbalanced road ownership that plagues road management in Thailand.  

7.1 Road ownership arrangement 

The findings from Chapter 6 indicate that most Link III roads, comprising roads that connect 

between multiple LGOs, belong to the LGOs, though they should belong to a higher level 

organisation (e.g. DRR). To solve this issue, aligning the road ownership according to the function 

of Link & Place will improve road management according to its role. Unifying road ownership 

according to the functional classification provides consistent standards for the roadwork and road 

users. 

7.1.1 Proposed method: Link status can be used to reallocate ownership 

To match the road ownership with the function, the aims of the road authority and jurisdiction 

need to be in line with the road function. Link classification takes into account the importance of 

geographical linkages. The national government should be interested in maintaining the 

nationally essential roads to key destinations. Local jurisdictions should be more inclined to work 

for the locally-serving roads using the revenue they collected.  

Link classification uses connectivity to determine status. Connectivity can be used to indicate the 

jurisdiction of road ownership. 

7.1.1.1 Road functions 

Link functions were used to identify which road authority matches its function. In revisiting Figure 

7-1, which was previously produced in Chapter 6, the main criterion for Link classification is based 
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on the connectivity function. The local connection is achieved by Link V connecting the village and 

small towns. The traffic in Link V is accumulated in Link IV, which connects towns of sub-district 

significance. For Link III, the primary destinations are the towns of district significance. For more 

extended province-to-province or regional trips, vehicles may take advantage of Link II. Finally, 

national and international destinations are connected by Link I, which provide the highest 

performance for long-distance movement.  

 

Source: Author 

Figure 7-1: Conceptual illustration of Link classification destination connectivity 

7.1.1.2 Ownership functions  

Link status indicates the types of connections that the road carries. It is expected that the strategic 

links are owned by the national government, providing a consistent standard of care, while the 

local roads belong to the local authorities, who can promptly maintain the nearby roads.  

From the structure of Thailand’s road administration, three road authorities are tasked with 

managing the roads at different levels. These are the Department of Highways (DOH), the 

Department of Rural Roads (DRR), and various Local Governments Organisations (LGOs). 

Road management would likely be easier if the administrative functions of the authorities 

matched with the road functions. Thus, this study endeavoured to identify these connections by 

looking into the organisations’ mission statements.  

a. Analysis of road authorities’ functions 

The road administrative function is stated in each organisation’s mission statement. Table 7-1 

describes the mission statements for the road authorities in Thailand. It can be observed that only 
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the central road authorities (i.e. DOH and DRR) have mission statements for road functions, while 

the LGOs mission statements are varied according to the focus of their local development plans. 

Table 7-1: Visions and missions of road authorities in Thailand  

Functions DOH32 DRR33 LGO 

Vision Become a leading highway 

organisation and promote 

sustainable transportation system. 

Perfect the national road networks 

on a sustainable basis for the 

happiness and welfare of the 

people. 

 

LGOs missions are more 

concerned about local 

development targeting 

various topics such as 

education, tourism, and 

the liveability of residents. 
Road infrastructure 

provision must adapt to 

the visions of the 

localities. The differences 

are the scope of their 

work. PAOs work at the 

provincial level, while 

MPOs and SAOs work at 

the local level.  

 

Missions 1) To develop the highway 

network system to improve 

transportation and promote 

transportation logistics. 

2) To develop the highway 

network system to connect 

ASEAN Economic 

Communities. 

3) To monitor and maintain 

highway infrastructure for 

efficient transportation. 

4) To monitor and maintain 

highway infrastructure for road 

safety. 

5) To modernise the organisation 

in an effort to respond to the 

dynamic change in technology, 

services, societies and the 

environment. 

1) To develop and upgrade the 

standard of roads to enhance 

transportation and tourism, as 

well as to maintain integrated 

and sustainable urban 

development. 

2) To construct missing links, 

bypasses, and shortcuts to 

address traffic problems. 

3) To provide the necessary 

support to local administrative 

organisations to enable the 

effective management of local 

roads in line with set standards. 

4) To develop the organisation in 

line with the Thai public sector 

development strategy. 

Source: Author’s compilations from DOH and DRR websites 

The DOH mission is mainly concerned with providing roads for freight services, while the DRR 

mission is aimed at targeting tourism and missing national links. However, they lack a description 

for the connectivity to different levels of destinations. The freight roads that the DOH works on 

can link major settlements and minor local towns, while some tourism roads worked by DRR may 

lead to a destination of international significance. On the other hand, LGOs mission statements 

do not explicitly identify the types of roads they own. The road is just one of their concerns. Their 

targets often vary by the concern of localities in a variety of other problems.  

Although mission statements provide a basis for a starting point of functional analysis, they lack 

clear goals in terms of which roads should be owned by which authority. This analysis presents 

the obstacles that exist in establishing road functions based on unclear mission statements. 

 
32 http://www.doh.go.th/doh/en/general-information/strategy.html (accessed 13/09/2017) 
33 http://eng.drr.go.th/th/Vision/Mission (accessed 13/09/2017) 

http://www.doh.go.th/doh/en/general-information/strategy.html
http://eng.drr.go.th/th/Vision/Mission
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Unable to identify the type of road each road authority should own, this study further investigates 

the jurisdiction and funding system. 

b. Analysis of jurisdiction and funding structure 

According to Chapters 4 and 5, some insights were gained from the current road administrative 

jurisdiction and funding structure, which can be used to make a case for ownership arrangement 

analysis. There are two types of jurisdiction for the road authorities in Thailand. The first type is 

the central road authorities, consisting of the Department of Highways (DOH) and the 

Department of Rural Roads (DRR). The second type is the local road authorities (LGOs). LGOs are 

entities that act autonomously in a devolution structure with three subtypes.  

Central road authority 

At the central government level, the DOH and DRR jurisdictional and funding structures share 

many similarities. Both the DOH and DRR operate from a central office that sends commands to 

lower-level branches all over the country. The smallest division of the branch is within the 

jurisdiction of the province. Their investment decisions are made by the central office using grant 

money from the central government. The money is then allocated to the branch offices for the 

specific project requested.  

Despite sharing a similar structure, the connectivity function of DOH and DRR roads are different. 

DOH is an inter-provincial road authority, whereas DRR is an intra-provincial road authority. 

Provincial boundaries are important in Thailand as there is a system of funding wherein a 

provincial mayor can delegate to the road authority, who acts upon their interest. A road 

authority that manages within the provincial boundary must respond to the provincial strategic 

requirements.  

Political borders do not bind DOH roads. In fact, many DOH roads span over many provinces. They 

are managed by different sub-offices, but still preserve the route numbering system. On the other 

hand, DRR roads are contained within the provincial boundaries. Roads that connect over 

multiple provinces are split into many segments under different provincial DRR offices with 

different route numbering.  

Local road authority 

At the local government level, the local authorities have a wide range of jurisdictions for managing 

inside the boundaries of a sub-district, built-up area, or the entire province. Each province has 

one provincial administrative organisation (PAOs) operating at the provincial level, and many 

municipalities (MPOs) and sub-district administrative organisations (SAOs) operating at the sub-

district level. In a nutshell, MPOs are more urbanised versions of SAOs.  
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The PAO can help to fund the requests from SAOs and MPOs. Although PAO and DRR offer similar 

help to sub-provincial LGOs, the interviewees stated that there is a minor difference in that DRR 

works on road projects that pass through many districts, while PAO works on the roads contained 

within a district boundary.   

7.1.1.3 Possible arrangements  

The information on jurisdiction and funding structure shows that an authority working with mixed 

Link functions cannot provide a proper standard of service since road designs for the same Link 

level may be different among various authorities. Nevertheless, it is more efficient if one authority 

has specific skillsets to deal with the technical problems arising from a single or a few types of 

Link level, rather than dealing with the entire range of Link classes. Thus, Link status is 

recommended to become a basis for ownership allocation. This section analyses the compatible 

arrangement that suits well with jurisdictional power and funding ability. 

a. Compatibility analysis 

The DOH is a more national and regionally oriented road administration. It is more proficient in 

inter-provincial road management. The best ownership of DOH roads lies in Link I and Link II. It is 

also possible to put Link III under DOH management, but it would require extending their work 

towards a local agenda, which may not be their strong suit. It would not be appropriate for DOH 

to work on Link IV and V as it is not oriented towards minor roadwork. Further, their functions 

are not well equipped to deal with localities. 

The DRR administrative function is oriented within the provincial boundary. Hence, the best-

suited road function for DRR is Link III. DRR, as a central government, is also capable of working 

with Link II, but may have to change its internal structure to match the inter-provincial nature of 

the road. However, it is less likely to work on Link I as a higher technical capacity is required. It is 

also possible for DRR to own down to Link IV since it functions under the provincial sphere. 

However, the enormous workload may inhibit efficient management—unless the DRR can expand 

its organisation and staffing, which may be even less possible. 

LGOs are variants of the independent local administration that subsidise roadwork with their 

funding. The roads best suited for LGOs are Link IV and V. Link IV should belong to PAO, which 

understands the province's characteristics and can provide aid to sub-district LGOs (i.e. SAO and 

MPO). Link V should belong to the SAO and MPO to work closely with the localities in the area. As 

PAOs can fund relatively large projects, they can work on Link III; however, their limited funding 

may hinder work performance. The lack of funding and the lack of national integration goals also 

inhibit PAOs from working on Link I and II. 
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The compatibility of Link status and administrative matching can be summarised, as shown in 

Table 7-2. Link I and Link V belong to DOH and LGOs, respectively. Link II is a perfect match for 

DOH jurisdiction, but it is also possible for DRR to manage. Link III is the best match for DRR 

ownership, but DOH or LGOs ownership cannot be ruled out. Lastly, Link IV would be best if 

managed by LGOs, but DRR ownership may also be possible. 

Table 7-2: Possible arrangements of Link status with the existing road authorities in Thailand 

Link Status 
Possible arrangements 

Description 
DOH DRR LGOs 

Link I ** - - National and international connections 

Link II ** * - Provincial connections 

Link III * ** * District connections 

Link IV - * ** Sub-district connections 

Link V - - ** Local connections 
Key: ** Best Suit, * Possible, - Inappropriate (Source: Author) 

b. Ownership scenarios 

Having eliminated inappropriate match, there are eight scenarios enumerated from the possible 

arrangements, as shown in Table 7-3. The compatibility score of each arrangement is the 

summation of the number of stars in previous table. The arrangement that has the best match is 

scenario 1 with a road authority score three stars in each Link level. The rest are scenarios that 

score fewer stars. 

Table 7-3: Enumerated scenarios for road administrative arrangements in Thailand and the compatibility score 

Link Status 
Scenario 

1 

Scenario 

2a 

Scenario 

2b 

Scenario 

3a 

Scenario 

3b 

Scenario 

3c 

Scenario 

4a 

Scenario 

4b 

Link I DOH DOH DOH DOH DOH DOH DOH DOH 

Link II DOH DOH DOH DRR DRR DOH DRR DOH 

Link III DRR DOH DOH DRR DRR DRR LGOs LGOs 

Link IV LGOs DRR LGOs DRR LGOs DRR LGOs LGOs 

Link V LGOs LGOs LGOs LGOs LGOs LGOs LGOs LGOs 

Description Balanced DOH Dominant DRR Dominant LGOs Dominant 

Compatibility  10 8 9 8 9 9 8 9 
Source: Author 

There are four main types of arrangement generated from these eight scenarios as follows. 

Scenario 1: Balanced 

From the jurisdiction and funding structure analysis, scenario 1 is the most balanced 

arrangement.  Both Link I and Link II are inter-provincial roads that should belong to DOH, which 

has the technical capability and funding ready for large-scale activities. Link III belong to DRR, 

which has more flexibility to work towards the provincial agenda and provide a standardised 

transition from local to national roads. Link IV and V are better off with LGOs as they understand 

the specific context of local needs. 
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Scenario 1 has proven to be the best match for the administrative arrangement using the five Link 

statuses. However, some other possible scenarios might be worth investigating. 

Scenario 2: DOH Dominant 

This scenario considered the DOH as the preferred road authority where DOH owned up to Link 

III. In general, this arrangement is beneficial for the coherence of roads in Link I to III since DOH 

can exclusively control the design standards of these roads. However, extending DOH to Link III 

means that DOH has to become both the inter-provincial and intra-provincial road authority. The 

DOH may need to adapt its investment plan according to provincial needs.  

Since DRR and LGOs can manage Link IV and V, this study enumerates the possible arrangements 

resulting in the following scenarios. The first scenario (2a) is where DRR owns Link IV, and LGOs 

own Link V. Scenario 2a lets DRR own Link IV, which can promote stable funding from the central 

government for road investment but may result in excessive workload as the number of 

kilometres for Link IV is far higher than for Link III. The second scenario (2b) is to eliminate DRR, 

leaving LGOs to manage Link IV and V, which results in national/local road polarity. The 

elimination of DRR may create further complications in road administrative arrangement. Thus, 

scenario 2b is ruled out as a viable option. 

Scenario 3: DRR Dominant 

There are three variants of DRR dominant scenarios. The first is scenario 3a, in which DRR assumes 

ownership of Link II to IV. This scenario leaves the DOH and LGOs in a comfortable position as Link 

I and Link V owners, respectively. Assigning DRR to work for Link II is less compatible with the 

current intra-provincial management structure. A DRR managed Link IV would bring stable 

funding. Link II to IV designs would be standardised. However, the workload would be too 

extensive, and DRR is not specialised in inter-provincial road management. 

The second scenario is scenario 3b, in which DRR owns Link II and III. DOH and LGOs are in their 

perfect match positions as Link I and Link V owners. This arrangement upgrades DRR to a wide-

reaching national road authority working on both inter-provincial and intra-provincial roads. 

However, managing Link II is not a strong suit of DRR as its expertise lies in intra-provincial road 

management.  

Scenario 3c is the third option, wherein DRR owns Link III and additional Link IV. This scenario 

leaves DOH as the best-suited owners of Link I and II, while LGOs only own Link V. This 

arrangement ensures the top two classes of sub-provincial roads get adequate funding and 

consistent care. However, the additional workload may require DRR to expand its organisation. 
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On balance, scenario 3c is the most viable option out of the three because both scenarios 3a and 

3b require the DRR to manage Link II that they do not have working expertise. It is easier to 

manage the increased workload than to add expertise to the road authority. The former may be 

satisfied by expanding the existing workforce, while the latter may require more strenuous tasks 

in terms of reorganisation and recruiting new specialists. 

Scenario 4: LGOs Dominant 

It can be argued that PAO, as an intra-provincial authority, can work on Link III. Replacing the Link 

III ownership of DRR would mean that DRR must be shifted up to manage Link II (as in scenario 

4a) or eliminated (as in scenario 4b).  

In scenario 4a, DOH becomes a motorway specialist, while DRR becomes a regional road 

authority. Leaving all sub-provincial roads to LGOs will maximise the devolution benefits that is 

the road provision will be optimal for local needs. However, this arrangement may necessitate 

extending DRR ability to the unfamiliar task of inter-provincial roadwork, which may require 

preparation for higher technical requirements. This also applies to LGOs, which would need to be 

upgraded to manage Link III. If DRR is dissolved, as in scenario 4b, it will create polarity in 

national/local road ownership. Unless the reform is proven to be worthwhile, this arrangement 

may create political tension for the current road authorities. This scenario will not be considered 

as a viable option as an additional detailed study is needed. 

Based on the current road ownership hierarchy and structure, scenario 1 provides the most 

suitable arrangement for Thailand. 

7.1.2 Estimation of road transfers 

Scenario 1 is the best form of administrative arrangement; however, the current distribution of 

ownership may need to be considered as the more lengths of road transfer; the more transaction 

costs may be incurred. These costs include reorganisation costs and training costs. Therefore, the 

transfer task should be minimal. In this section, a method to estimate the road transfer was 

derived to find the least disruptive road arrangement scenario.   

7.1.2.1 Estimation of road lengths for all owners 

Due to the increasing lengths of the road from Link I to Link V, the nationwide (i.e., Area 1) 

distribution of road length could only be estimated for Link I (see Figure 7-2). The lower Link levels 

that were estimated do not cover the whole country. Area 2 classified 15,574 km of roads 

covering Link I and II. Areas 3N and 3E cover 7,858 km of roads that were classified down to Link 

III. Areas 4N and 4E have all five levels of Link status classified, but for only 6,127 km of roads.  
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Source: Author 

Figure 7-2: Summary of road lengths classified in all areas of the case study in Thailand 

A method must be identified to estimate the overall ownership distribution among different Link 

levels. According to Figure 7-2, areas 4N and 4E are the only areas to have all types of Link present. 

However, these areas may not represent the overall Link status and ownership distribution well 

because they are only a very small sample of the roads in Thailand. Comparing Link I length from 

area 4 (50 km) with area 1 (6,346 km) shows that area 4 covers only 0.8% of the Link Level 1 roads 

in Thailand. Moreover, areas 4N and 4E are more urbanised and thus may not adequately 

represent the distribution of roads at the national level.  

It was found that areas 3N and 3E are more typical as they represent both urban and rural land 

use mixes and are more likely to contain a more representative distribution of roads between 

different Link levels; at Link Level 1, these areas contain approximately 8% of the national total. 

Area 1: 6,364 km of roads classified

DOH DRR Local Total Km. 

Link I 6,346 - 18 6,364 (34%) 

Area 2: 15,574 km of roads classified

DOH DRR Local Total Km. (%)

Link I 5,242 - 18 5,260 (34%) 

Link II 9,659 452 203 10,314 (66%) 

Area 3E: 3,224 km of roads classified

Area 3N: 4,634 km of roads classified

DOH DRR Local Total Km. (%)

Link I 382 - - 382 (8%)

Link II 738 73 34 845 (18%) 

Link III 1,804 845 758 3,407 (74%) 

DOH DRR Local Total Km. (%)

Link I 120 - - 120 (4%) 

Link II 899 33 8 940 (29%) 

Link III 957 684 523 2,164 (67%) 

DOH DRR Local Total Km. (%)

Link I 23 - - 23 (1%) 

Link II 92 26 17 135 (3%) 

Link III 112 29 80 221 (5%) 

Link IV 15 32 428 475 (11%) 

Link V - - 3,486 3,486 (80%) 

DOH DRR Local Total Km. (%)

Link I 27 - - 27 (2%) 

Link II 67 - - 67 (4%) 

Link III 68 31 62 161 (9%) 

Link IV 10 51 361 422 (24%) 

Link V - 4 1,106 1,110 (62%) 

Area 4N: 4,340 km of roads classified Area 4E: 1,787 km of roads classified
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However, there is no information for Link IV and V in these areas. This study uses the information 

for Link distribution from areas 4N and 4E to estimate the lengths of Link IV and V.  

If the ratios of Link III to Link IV, and Link III to Link V in areas 3N and 3E can be applied to areas 

4N and 4E, the estimation found that the Link IV and V lengths in area 3N are 6,815 km and 51,113 

km, whereas Link IV and V lengths in area 3E are 6,493 km and 15,150 km. The estimation results 

for Link status lengths in areas 3N and 3E are shown in Table 7-4. 

Table 7-4: Total length of roads in each Link status for areas 3N and 3E with estimated Link IV and V lengths from 4N 
and 4E 

Link status Length of road in area 3N (km) Length of road in area 3E (km) 

Link I 382 120 

Link II 845 940 

Link III 3,407 2,164 

Link IV * 6,815 6,493 

Link V * 51,113 15,150 
* Estimated values from Link classification in areas 4N and 4E (Source: Author) 

Next, the distribution of these roads across the owners needs to be estimated. Since the exact 

ownership arrangements for Link IV and V cannot be identified, a surrogate method was 

proposed. The surrogate estimation was done by subtracting the sum of Link I to III from the total 

official ownership lengths. The ownership distribution estimation results are shown in Table 7-5 

with details for the estimation process as follows. 

Table 7-5: Estimated distribution of Link classification lengths by the three owners in Thailand 

Link Status 
Length of roads in area 3N (km) Length of roads in area 3E (km) 

DOH DRR LGOs Total Length DOH DRR LGOs Total Length 

Link I 382 -  -  382 120 -  -  120 
Link II 738 73 34 845 899 33 8 940 
Link III 1,804 845 758 3,407 957 684 523 2,164 
Link IV * 425 1,457 4,933 6,815 119 1,406 4,977 6,493 
Link V * - - 51,113 51,113 - 38 15,112 15,150 

Total 3,349 2,375 56,838 62,562 2,095 2,161 20,620 24,867 

* Estimated values from Link classification area 4N and 4E (Source: Author) 

DOH official road lengths in areas 3N and 3E are 3,349 km and 2,095 km, respectively. The 

subtraction from those lengths of the sum of Link I to III lengths results in an estimate for the 

combined Link IV and V lengths in the northern region to be 425 km and 119 km for the eastern 

region. Adopting the ownership distribution found in areas 4N and 4E, some DOH roads are 

classified as Link Level IV.  

It was found that DRR has combined Link IV and V lengths in areas 3N and 3E of 1,457 km and 

1,444 km, respectively. Applying area 4N Link IV and V distribution to area 3N, it was found that 
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all 1,457 km of DRR roads in area 3N are classified as Link IV. For Link IV and V in area 3E, it was 

found that DRR owns 1,406 km of Link IV and 38 km of Link V.  

As there is no information for LGOs road lengths on Link IV and V, the length of LGO roads was 

obtained by subtracting the combined DOH and DRR lengths from the total lengths. The 

calculation found that the lengths for Link IV and V owned by LGOs in area 3N are 4,933 km and 

51,113 km, respectively. For area 3E, the lengths of Link IV and V LGO roads are 4,977 km and 

15,112 km, respectively.  

7.1.2.2 Calculating road transfers  

The road length for each owner under scenario 1 was subtracted from the existing road lengths 

to estimate the net change. The results of such calculation are shown in Table 7-6. A positive 

transfer length means that the authority will gain that amount of road, while a negative number 

shows the total length lost. 

Table 7-6: Net change resulting from the transfer of road ownership in scenario 1 

Link Status 
Area 3N Area 3E 

DOH DRR LGOs DOH DRR LGOs 

Link I 0 0 0 0 0 0 
Link II +107 -73 -34 +41 -33 -8 
Link III -1,804 +2,562 -758 -957 +1,480 -523 
Link IV -425 -1,457 +1,882 -119 -1,406 +1,525 
Link V 0 0 0 0 -38 +38 

Net change*  -2,122 +1,032 +1,090 -1,035 +3 +1,032 

* Plus means gaining length; minus means losing length (Source: Author) 

A similar method was applied to three other scenarios from Table 7-3, just to compare the case 

of areas 3N and 3E in Table 7-7.  

Table 7-7: Comparison of road transfer in four scenarios 

Owner 

Changes in Road Length (km) 

Scenario 1 Scenario 2a Scenario 3c Scenario 4a 

3N 3E 3N 3E 3N 3E 3N 3E 

DOH -2,122 -1,035 +1,286 +1,138 -2,122 -1,027 -2,967 -1,966 

DRR +1,032 +3 +4,440 +4,333 +7,847 +6,497 -1,530 -1,221 

LGOs +1,090 +1,032 -5,726 -5,471 -5,725 -5,470 +4,497 +3,187 

Net transferred 2,122 1,036 5,726 5,471 7,847 6,497 4,497 3,187 

Source: Author 

From the comparison, scenario 1 is the most preferred option since it requires the least road 

transfer between authorities.  

Overall, scenario 1 is the best administrative arrangement for Thailand as the classified roads fit 

the jurisdiction functions and provide the least disruptions in terms of transfers. The DOH would 
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be best to manage Link I and II, DRR as a subnational road authority responsible for Link II, and 

LGOs work on Link IV and V. For smooth management of local roads, Link IV and V can be further 

allocated to two levels, with Link IV managed by PAOs and Link V managed by SAOs and MPOs, 

as summarised in Table 7-8. 

Table 7-8: Recommended ownership arrangement based on Link status 

Link Status Recommended arrangement 

Link I DOH 

Link II DOH 

Link III DRR 

Link IV LGOs 

Link V LGOs 
Source: Author 

7.2 Funding arrangement 

The result of the proposed ownership arrangement is that LGOs gain road length. This will put 

more burdens on the funding responsibilities of the local authorities who currently have 

expressed concerns about inadequate funding. Hence, a new funding arrangement should aim to 

resolve this looming problem.  

Roads not only provide benefits by serving pairs of destinations (Link function) but also help the 

development of the land to which they provide access (Place function). If the beneficiaries 

contribute road funding based on their benefits, then Place status should also be a factor. This 

section addresses the question of how Link & Place beneficiaries may contribute to the funding 

arrangements.  

7.2.1 Cost of Link & Place 

An essential consideration for funding is the cost of a project. Since Link & Place is a functional 

classification, which suggests a specific design standard requirement for each level, it can affect 

the cost of a road project. The cost of road provision is significantly affected by the dimensions 

and materials used in its construction. The road design specifies the physical dimensions, which 

dictate the types and quantity of materials required. This section discusses the effects of scheme 

cost from Link & Place classification. 

7.2.1.1 Road design functionality 

The design can be sub-divided into Link and Place aspects. From the highway authorities' point of 

view, the criteria for the design elements are traditionally more on the Link side. As observed 

from the design standards of the three road authorities in Thailand (i.e. DOH, DRR and LGOs), 

road designs can be classified into i) geometric, general and structural design, ii) drainage 

systems, iii) stability and erosion protection, iv) traffic signage, markings and safety devices, and 
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v) highway environment. These design elements have their purposes and relate to the Link & 

Place functions assessed in Table 7-9.  

The Link related design elements are geometric, general and design, and stability and erosion 

protection. The geometric design elements are the dimensional specifications for the 

carriageways and related structures that serve the Link purpose of the road. The design elements 

for stability and erosion protection are Link related as they help protect the structure of the road 

from natural deterioration. The design elements for traffic signage, markings and safety devices 

can be associated with the Link function. In certain instances, traffic signs and markings may 

support Place activities, such as parking and loading, because they support business along the 

street. For simplicity, however, this study assumes that all of these features support the Link 

function. The primary purpose of a drainage structure is to protect the road from flooding. Hence, 

this study categorises the drainage structure as an element supporting the Link function. 

The Place related design elements are primarily the highway environment. Highway environment 

designs are directly related to the Place function because they enhance the functionality of 

roadside areas.   

Table 7-9: Assessment of Link & Place connection with the design elements for Thai roads 

DOH34 DRR35 LGOs36 Link Place 

Geometric, general & structural design ✓  

- Super elevation attaining and 

widening 

- Travelled way widening 

- Median opening 

- U-turn 

- Climbing lane 

- Emergency escape ramp 

- Reinforced concrete pavement 

- Pavement transition 

- Concrete pavement repairing 

- Typical surface overlay and 

repairing 

- Bridge approach transition 

- Bridge span  

- Bridge accessories 

- Retaining wall 

- Connection road 

- Side road & private drive 

- Right-of-way monument 

- Kilometre marker 

 

 

- Connection and super elevation 

- Concrete roads 

- Paved roads 

- Unpaved roads 

- Special area roadwork 

- Bridge and accessories 

- Pedestrian crossing bridge & 

tunnel 

- Retaining wall 

- Connection 

- Railway crossing 

- Super elevation attaining 

and widening 

- Reinforced concrete road 

- Cape seal road 

- Double surface 

treatment road 

- Asphalt concrete road 

- Unpaved road 

  

 
34 Excerpted and reclassified from DOH standard drawings for highway design and construction 2015 revision 
35 Translated and reclassified from DRR standard drawings (April 2013) 
36 Translated and reclassified from LGOs road standard drawings (December 2013) 
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DOH34 DRR35 LGOs36 Link Place 

Drainage system ✓  

- Side ditch lining 

- RC box culvert 

- Pipe culvert 

- Inlet for pipe culvert 

- Drop inlet in median 

- Drain outlet for pipe culvert 

- Curb and drain chute  

- U-ditch 

- Manhole 

 

- Side ditch 

- Box culvert 

- Pipe culvert 

- Cesspit 

- Floodway 

- Side ditch 

- Box culvert 

- Pipe culvert 

 

 

 

 

Stability and erosion protection ✓  

- Slope protection for fill slope 

- Slope protection for cut slope 

- Slope protection for bridge 

abutment 

- Reinforce soil slope 

- Mechanically-stabilised earth wall 

- Gabion 

- Sub-drain 

 

- Concrete slope protection 

- Grass planting 

- Plain and mortar rip-rap 

protection 

- Erosion control blanket and log 

- Embankment   

Traffic signage, markings and safety devices ✓  

- Road signs  

- Road markings  

- Roadway lighting  

- Road traffic signals  

- Road signs 

- Road markings 

- Shoulder markings and safety 

devices 

- Construction signs & 

information signs 

- Traffic signals 

- Lighting 

 

- Road signs 

- Road markings 

- Shoulder markings and 

safety devices 

- Construction signs & 

information signs 

  

Highway environment    ✓ 

- Planting 

- Concrete curb & curb and gutter 

- Sidewalk 

- Handicap walkway 

- Noise barrier 

- Bus stop layout 

- RC & steel bus stop shelter 

- Wooden bus stop shelter 

- Decorative extension of gable apex 

 

- Ramps 

- Bicycle path 

- Footway 

- Shelters 

- Planting 

- Curbstone 

- Ramps 

- Footway 

- Planting 

  

Source: Author’s compilations of the design elements from official design standards in Thailand 

7.2.1.2 Cost differentiation by Link & Place design 

Link & Place cost structures for three different types of road schemes are demonstrated here. 

The first scheme is a new build scheme where all road structure is constructed from the ground 

up. The second scheme is a road widening scheme where the existing road is preserved and 

expanded for an urban environment. The third scheme is a surface replacement scheme, where 

the road surface and sidewalk are replaced. The design standard for a typical 2-lane DOH road in 

a light to medium populated urban settings from DOH (as shown in Figure 7-3) was used to 
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illustrate the design elements of the road. This type of road is listed as class 1 in by DOH design 

standard, which can carry up to 8,000 vehicles per day. This is equivalent to a road classified as 

Link II in this thesis. 

 

Source: DOH (2015) 

Figure 7-3: Typical cross-section of a 2-lane DOH road in a light to medium populated area with right of way 14 m 

a. New build scheme 

For typical new 2-lane road construction in a light to medium populated area using the DOH 

standard, the share of Link cost is much greater than Place cost. As shown in Table 7-10, the Link 

cost, which is the combination of roadway geometry cost, drainage and stability and erosion 

protection, amounts to 26,663,000 Baht, while the Place cost, which is the environmental 

element, amounts to 3,014,000 Baht. This means the share of Link and Place costs for this typical 

2-lane road section in a built-up area is 90% and 10% for Link and Place, respectively. The total 

cost of this new build scheme is 29,686,000 Baht. 
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Table 7-10: Cost breakdown for an example new build scheme based on a typical 2-lane DOH road design standard 

Activity Unit Quantity Unit 

cost37 

Link Cost Place 

Cost 

Total cost 

Roadway geometry    11,256,500 0 11,256,500 

- Clearing and grubbing (estimated) Sq.m. 500 5 2,500 - 2,500 

- Roadway excavation (estimated) Cu.m. 500 130 65,000 - 65,000 

- Embankment (estimated) Cu.m. 500 300 150,000 - 150,000 

- Selected material @ 15 cm thick Cu.m. 2,000 500 1,000,000 - 1,000,000 

- Sub-base @ 15 cm thick Cu.m. 2,000 300 600,000 - 600,000 

- Base courses @ 15 cm thick Cu.m. 2,000 800 1,600,000 - 1,600,000 

- Prime coat Sq.m. 10,900 20 218,000 - 218,000 

- Asphalt concrete (base + binder + wearing 

courses) @ 15 cm thick 

Sq.m. 10,900 700 7,630,000 - 7,630,000 

Drainage systems    8,000,000 0 8,000,000 

- RC ditch @ both sides m. 2,000 4,000 8,000,000 - 8,000,000 

Stability and erosion protection    7,000,000 0 7,000,000 

- Retaining wall for sidewalk @ both sides m. 2,000 3,100 6,200,000 - 6,200,000 

- Barrier curb @ both sides m. 2,000 400 800,000 - 800,000 

Traffic signage, markings and safety 

devices 

   406,500 0 406,500 

- Thermoplastic paint road marking @ 10 

cm wide  

Sq.m. 240 300 72,000 - 72,000 

- Traffic sign @ 0.9 x 0.9 m2 x 10 Sq.m. 8.1 5,000 40,500 - 40,500 

- Signpost @ 2.50 m x 10 m. 25 400 10,000 - 10,000 

- Guardrail @ 100 m x 2 m. 200 1,400 280,000 - 280,000 

- Kilometre stone each 2,000 2 4,000 - 4,000 

Highway environment    0 3,014,000 3,014,000 

- Sidewalk paving block @ 3.45 x 1,000 m2 x 

2 

Sq.m. 6,900 400 - 
2,760,000 2,760,000 

- Bus stop shelter  each 120,000 2 - 240,000 240,000 

- Trees @ every 100 m. both sides each 700 20 - 14,000 14,000 

Total    26,663,000 

(90%) 

3,014,000 

(10%) 

29,686,000 

Source: Author 

b. Road widening scheme 

This involves the widening of a roadway from an existing road structure. This study assumes that 

the existing road surface is 7 m wide and that the expansion will require the construction of a 3.9 

m wide surface. This means the cost for roadway geometry is reduced, while the cost for other 

activities is similar to the new build scheme. As estimated in Table 7-11, the total cost is 

22,508,500 Baht. The breakdown of the costs is 87% Link and 13% Place. 

 

 

 
37 The cost is estimated in order-of-magnitude level from selected DOH projects during fiscal year 2014-2018. 
Estimation is done by rounding the average cost of the classified items cost (e.g. the average cost for removal of curb 
and gutter is an average of the average costs from all projects that have the costs for removal of concrete curb & gutter, 
concrete gutter, and v-ditch). The detailed costs are related to the local prices for materials. 
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Table 7-11: Cost breakdown for an example widening scheme based on a typical 2-lane DOH road design standard 

Activity Unit Quantity Unit 

cost 

Link cost Place 

cost 

Total cost 

Roadway geometry    4,088,000 0 4,088,000 

- Selected material @ 15 cm thick Cu.m. 800 500 400,000 - 400,000 

- Sub-base @ 15 cm thick Cu.m. 800 300 240,000 - 240,000 

- Base courses @ 15 cm thick Cu.m. 800 800 640,000 - 640,000 

- Prime coat Sq.m. 3,900 20 78,000 - 78,000 

- Asphalt concrete (base + binder + wearing 

courses) @ 15 cm thick 

Sq.m. 3,900 700 2,730,000 - 2,730,000 

Drainage systems    8,000,000 0 8,000,000 

- RC ditch @ both sides m. 2,000 4,000 8,000,000 - 8,000,000 

Stability and erosion protection    7,000,000 0 7,000,000 

- Retaining wall for sidewalk @ both sides m. 2,000 3,100 6,200,000 - 6,200,000 

- Barrier curb @ both sides m. 2,000 400 800,000 - 800,000 

Traffic signage, markings and safety devices    406,500 0 406,500 

- Thermoplastic paint road marking @ 10 cm 

wide  

Sq.m. 240 300 72,000 - 72,000 

- Traffic sign @ 0.9 x 0.9 m2 x 10 Sq.m. 8.1 5,000 40,500 - 40,500 

- Signpost @ 2.50 m x 10 m. 25 400 10,000 - 10,000 

- Guardrail @ 100 m x 2 m. 200 1,400 280,000 - 280,000 

- Kilometre stone each 2,000 2 4,000 - 4,000 

Highway environment    0 3,014,000 3,014,000 

- Sidewalk paving block@3.45 x1,000 m2 x 2 Sq.m. 6,900 400 - 2,760,000 2,760,000 

- Bus stop shelter  each 120,000 2 - 240,000 240,000 

- Trees @ every 100 m. both sides each 700 20 - 14,000 14,000 

Total    19,494,500 

(87%) 

3,014,000 

(13%) 

22,508,500 

Source: Author 

c. Replacement scheme 

The replacement scheme assumes that the existing road surface needs to be replaced. In this 

case, the costs of the drainage system, stability protection structure and highway environment 

amenities do not need to be considered. The method for road surface replacement is assumed 

to be the pavement in-place recycling method. As calculated in Table 7-12, the total replacement 

cost is 944,000 Baht. The replacement cost is considered a 100% Link cost since the resurfacing 

and road marking activities in this scheme are for vehicle movement purposes. 

 Table 7-12: Cost breakdown for an example replacement scheme based on a typical 2-lane DOH road design standard 

Activity Unit Quantity Unit cost Estimated cost 

Roadway geometry    872,000 

- Pavement in-place recycling Sq.m. 10,900 80 872,000 

Traffic sign, marking and safety devices    72,000 

- Thermoplastic paint road marking @ 10 cm wide  Sq.m. 240 300 72,000 

Total    944,000 
Source: Author 

7.2.1.3 Analysis of Link & Place cost sensitivity 

The breakdown of costs into Link and Place aspects gives new insight into the relationships 

between road provision and funding.  
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a. Cost variation for different types of schemes 

The three examples show that the balance of Link and Place costs can vary between different 

scheme scenarios, as summarised in Table 7-13.  

Table 7-13: Type of scheme with impact on the Link & Place cost structure 

Cost type New build Expansion Replacement 

Share of Link cost 90% 87% 100% 

Share of Place cost 10% 13% - 

Total cost 29,686,000 22,508,500 944,000 
Source: Author 

 

If using the new build Class I DOH road as a basis for design standards, then the Link infrastructure 

would cost 90 % of the total cost and Place infrastructure 10%, as illustrated in Figure 7-4. 

 

Source: Author 

Figure 7-4: Estimation of Link & Place cost magnitude on new build and expansion scheme 

b. Cost variation according to Link & Place status 

In general, a higher Link status requires more funding for the Link facilities, while differences in 

Place status could significantly add to the overall cost variability. In general, Link and Place costs 

increase as moving from status V to I and E to A.  

The cost resulting from the Place status varies mainly according to the level of provision of 

Highway Environment facilities. However, no information can be found on how the cost might 

vary as it will depend on the future recommendation of the design standards for Place facilities – 

which do not currently exist. It is recommended for a rough estimate that the share of Link costs 

will decrease as the Place status becomes higher. 
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7.2.1.4 The impact of Link & Place costs on practical funding allocation 

Link & Place functional requirements can be used to specify the design elements needed. The 

resulting basic design elements for all roads and additional design elements for the roads in 

Thailand are shown in Table 7-14.  

Table 7-14: Design elements needed for different levels of Link & Place 

Levels of design  Link design elements Place design elements 

Basic design Link V 

- Basic paved surface 

- Basic embankment 

- Basic drainage  

- Basic traffic signs & markings 

Place E 

- Basic side ditch 

- Basic footway (if needed) 

Additional design facilities  Link I-IV  

- More durable surface 

- Advanced stability and erosion 

protection 

- Higher performance drainage 

structure 

- Advanced traffic signals and control 

- Lighting 

Place A-D 

- Footway amenities (e.g. ramps, tactile 

paving, using colour contrast materials) 

- Higher performance footway materials 

- Trees 

- Additional footway lighting 

Source: Author 

At present, the road authorities are capable of building advanced highway systems that are mainly 

designed for their Link function. However, there is no evidence from their design standards that 

the Place design elements have been considered for roads with higher than level E Place 

functions. Hence, funding arrangements to provide for higher Place status need to be considered. 

7.2.2 Proposed funding structure 

Additional funding contribution to higher Place status is needed. This study proposes that the 

additional funding for Places above status E should be contributed by the third-parties who would 

benefit from the increased Place activities that the designs would accommodate and encourage. 

The authority who funds Place facilities above Level E can be called as the ‘Place custodian’. Figure 

7-5 shows the conceptual funding arrangement for Link & Place funding. 



Chapter 7: Implication for ownership and funding arrangement 

238 

 

Source: Author 

Figure 7-5: Comparison of existing Link & Place cost structure with the proposed funding structure with additional cost 
for Place 

7.2.2.1 Funding contributor for Link 

The owners of the highway should have the responsibility to fund the construction and 

maintenance of infrastructure to a required standard at the designated Link level. On this 

principle, the DOH in Thailand should fund Link I and II, while Link III should be funded by DRR, 

and the various LGOs should fund Link IV and V, as shown in Table 7-15. 

Table 7-15: Proposed arrangement for owners of the roads who should be responsible for Link funding 

Link Status Link Funder 

Link I DOH 

Link II DOH 

Link III DRR 

Link IV LGOs 

Link V LGOs 

Source: Author 

However, road authorities are typically less motivated to fund Place Status higher than the basic 

requirement, which is at level E. 

7.2.2.2 Funding responsibility according to the level of Place 

Different levels of Place have varying degrees of attraction. Place Status A would attract people 

nationwide, whereas a Place with Status C would primarily attract people living in the district. The 

people who visit these places spend money for various activities, with the money going to local 

and national governments via taxation. The collected taxes are allocated back to the local area 
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for maintaining and improving the place. The place custodian authorities who are involved in 

Place activities are thus incentivised to provide additional funding for higher Place Status.  

Place custodians may differ by Place Status. The required funding for Place should be incremental 

based on the status of Place. That is, Place above level E would require better treatment such as 

better materials, lighting and crossing facilities, necessitating a higher amount of funding. 

Therefore, this study proposes a responsibility assignment by matching the place custodian 

according to the Place Status.  

The recommended level of funding contribution for each level of place custodian depends on the 

Place Status. The basic level of contribution at Place E should be funded by the road owner. Then, 

additional place funding above E level should be contributed by the place custodian associated 

with that status of Place, as illustrated in Figure 7-6. Nonetheless, this does not preclude other 

authorities from contributing to a specific scheme, if they think it is in their interest. 

 

Source: Author 

Figure 7-6: Order-of-magnitude level of funding contributions from different levels of Place custodians 

7.2.2.3 Funding arrangement of Place custodians 

In Thailand, the government is divided into two main levels comprising the national government 

and local governments. Fundamentally, the national government works at the super-provincial 

level, while the local authorities provide services at the sub-provincial level. The proposed 

matching of national and local authorities as place custodians can be shown in Table 7-16. 
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Table 7-16: Recommended funding contribution for each place custodian according to Place status 

Place 

Status 

Level of authority responsible for 

funding 
Proposed place custodian 

Place A National level place custodians Relevant national government bodies operating centrally 

Place B Provincial level place custodians 
Relevant national government bodies operating 

provincially 

Place C District level place custodians Provincial level LGOs (i.e. PAO) 

Place D Sub-district level place custodians Sub-provincial level LGOs (i.e. SAO and MPOs) 

Place E Link owner (see Table 7-15) N/A 

Source: Author 

The national government is the appropriate place custodian for funding of Places A and B, as it 

provides services at the super-provincial level. The national government works as one body with 

ministries and departments acting as organs. Each department has one central office and many 

branch offices. The branch offices may represent a regional body, provincial body or sub-

provincial body, though the most common type of branch office is the provincial level branch. 

Thus, the central offices of ministries and departments should be the place custodians of Place A, 

while the provincial branches are the custodians of Place B. 

On the other hand, Places with C and D statuses have sub-provincial influence. In principle, Place 

C should be funded by district-level place custodians. However, there is no formal administrative 

system at this level in Thailand. The closest alternative is the local authorities (LGOs), who work 

at provincial and sub-district levels; the provincial LGOs are PAOs and sub-provincial LGOs are 

SAOs and MPOs. This implies that Place C should be funded under the custody of PAOs, while the 

sub-provincial LGOs should be responsible for the funding of Place D.  

In addition, the type of government authorities that contribute to Place Funding should reflect 

the type of land use. There are several types of land use identified in the Place classification in 

Chapter 6. Each of them performs a different function and is associated with a different authority 

as place custodian. For example, the Ministry of Tourism and Sports would be the appropriate 

body to fund the development of streetscape around stadiums and beaches, while the Ministry 

of Culture would be more suitable for funding walkways to and around renowned historical sites. 

Other examples of signposting for authorities relevant to each type of land use and the level of 

place in Thailand are shown in Table 7-17.  
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Table 7-17: Relevant authorities recommended as place custodians at different levels of place and types of land use in 
Thailand 

Place status Place custodians 

Place A Place B Place C Place D Place E 

Responsible body Central offices of 

relevant 

departments 

Regional and 

provincial offices of 

relevant departments 

PAOs 

 

MPOs and 

SAOs 

 

Link owner: 

Link I: DOH 

Link II: DOH 

Link III: DRR 

Link IV: PAOs 

Link V: MPOs 

and SAOs 

T
yp

e 
o

f 
La

nd
 u

se
 

Conservation/ 

recreational 

Ministry of Tourism and Sports 

• Sports Authority of Thailand 

• Department of Physical Education 

Ministry of Natural Resources and 

Environment  

• Zoological Park Organisation 

• Forest Department 

Tourism/ 

Culture 

Ministry of Tourism and Sports 

• Tourism Authority of Thailand 

• Department of Tourism 

Ministry of Culture 

• Fine Arts Department 

• Department of Religious Affairs 

Architectural 

quality of the 

building 

Ministry of Interior 

• Department of Public Works and Town & 

Country Planning 

Business/Retail Ministry of Interior 

• Department of Public Works and Town & 

Country Planning 

Production Ministry of Industry  

• Industrial Estate Authority of Thailand 

Civic Ministry of Finance 

• Treasury Department 

Transportation/ 

Immigration 

Ministry of Transport 

• Department of Land Transport 

• State Railway of Thailand 

• Department of Airports 

• Marine Department 

Ministry of Finance 

• Customs Department 

Residential N/A 
Source: Author 

7.3 Lessons learned and suggestions for further improvement 

7.3.1 Summary of findings on ownership and funding arrangements 

Link classification is used to determine the road administrative arrangements. This study 

performed an analysis of the different jurisdictions to match ownership with road function. It was 

found that there could be as many as eight possible administrative arrangements. After a detailed 

analysis of each option, it was found that scenario 1, where DOH owns Link I and II, DRR owns 

Link III, and LGOs own Link IV and V is the best. However, there are other administrative 

arrangements that are also viable for Thailand. 

In practice, such arrangements would require ownership transfer. The least disruptive scenario is 

the most preferred as it will require lower transaction costs. A method for road length estimation 
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was derived from the Link classification areas investigated in Chapter 6. With the estimated road 

length, each ownership scenario was compared against the current situation. It was found that 

the best arrangement is scenario 1, namely that Link I-II are owned by DOH, Link III is owned by 

DRR, and Link IV-V are owned by LGOs.  

The costs of road construction depend on meeting the requirements of both Link & Place status. 

However, the existing cost structures are generally based on providing a minimum level of Place 

infrastructure at level E. Enhancing road provisions for higher levels of Place infrastructure 

requires additional funding contributions from ‘Place custodians’. This study proposed that the 

additional funding required for building the infrastructure for Place status above E should be 

funded by the local governments and central government departments that stand to benefit from 

land use development.   

Both ownership and funding arrangements can be joined together to form a consistent 

administrative structure, according to Link & Place status, as shown in Figure 7-7. The colours 

inside the rounded square indicate the owners, while the hashed colours outside indicate the 

Place funding contributors. 

 

Source: Author 

Figure 7-7: Proposed ownership and funding structure 

7.3.2 Technical limitations 

The road transfer exercise was carried out on a comparatively small set of data in two regional 

areas of Thailand. Thus, the results might not fully represent the national picture. This study only 
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managed to find the entire transfer length for DOH, as the information for the whole country was 

available for Link I. For other road authorities, it was not possible to ascertain the exact amount 

that would need to be transferred, unless the roads across the entire country are reclassified.  

7.3.3 Further recommendations  

a. Link & Place regulation 

An independent road regulator may need to be established to retain the integrity of classification. 

Such a regulatory body could either be a new institution or be added to the functions of an 

existing relevant government authority. Currently, road transfer regulation for the local 

authorities is under the responsibility of the Office of the Decentralisation to the Local 

Government Organisation Committee (ODLOC). However, performing a nationwide Link & Place 

classification and record keeping will also attach wider regulation responsibility that includes the 

central road authorities. Thus, further study is needed to measure the benefits of undertaking 

such an exercise. 

b. Financing of Place 

Although in principle, Place incremental funding can be assigned to the relevant local authority, 

this may not actually be practical.  Highway owners are limited by their budgets to provide the 

funding for a minimum level of place standard, while the existing tax money for the place 

custodians may not be adequate for funding the additional place requirements. Thus, new 

funding schemes may need to be introduced, such as land value capture arising from the uplift 

associated with higher design standards.  

A study of street improvements in London indicated that investment in street design quality is 

associated with increased land value (Commission for Architecture and the Built Environment, 

2007). It showed that a one-point (out of seven) increase in street quality, measured using the 

Pedestrian Environment Review System (PERS) score, was associated with a 5% increase in 

residential prices and retail rents.  

Since increased land value is beneficial to the owners, developers and local authorities, a working 

relationship between these stakeholders could be established to fund place improvements in a 

sustainable manner. For instance, private developers may be incentivised to fund a higher quality 

Place environment in new property development to boost their prices. After establishing the 

initial funding stream, the boost in public value can be acquired by the local authority place 

custodians through higher taxes to fund the place maintenance for the long term. 
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Chapter 8 Development of methodology for performance measurement and prioritisation 

Development of methodology for performance measurement 

and prioritisation 

 

This chapter focuses on the implication of Link & place classification in the development of the 

scheme. The core component for scheme development is the performance measure system that 

is relevant to the Link & Place characteristics.  

There are two stages to the development of a methodology for performance measurement and 

prioritisation. The first part is the one-off setup of the system, and the second part is the 

application of the system to real-world situations. This chapter addresses the first stage, aiming 

to create the structure for the Link & Place framework's performance measurement system using 

the desk-based evidence from Thailand. For the ease of use, given the lack of prior skills in 

performance measurement by the non-national road authorities in Thailand, this thesis's 

performance measurement approach is proposed to be more qualitative in nature.  The proposed 

method will then be applied using on-the-field data to test the selected trial case study area in 

Chapter 9. 

8.1 Set up goals and performance indicators 

The fundamental goal of establishing a performance measurement system is to direct resources 

most effectively to improve the performance of the road. To select the most appropriate 

performance indicators for a desired target, care should be taken for the usability and 

interrelationship among them. Otherwise, there is a chance that the developed performance 

indicators might create a burden on the overall achievement, as stated by Nardo et al. (2005): 

Over the last few decades, there has been an increase in the number of composite indicators developed 

by various national and international agencies. Unfortunately, individual indicators are sometimes 

selected in an arbitrary manner with little attention paid to the interrelationships between them. This 

can lead to indices which overwhelm, confuse and mislead decision-makers as well as the general 

public. Some analysts characterise this environment as ‘indicator rich, but information poor’. 

The existing road performance indicators in Thailand are based on the road administrative lens. 

These performance indicators are set up to ensure that their available budget is utilised, a project 

is delivered on-time and constructed roads meet certain quality standards. However, what makes 



Chapter 8: Development of methodology for performance measurement and prioritisation 

245 

the road administrators indispensable is their ability to make the product satisfy the road users’ 

demand. Since there are many types of user on the road, user demand performance indicators 

are more complex and harder to measure. As a result, this form of indicator is not widely used in 

Thailand.  

This section focuses on the expansion of the road performance indicators in Thailand that are 

oriented towards users. Link & Place is a road functional classification that takes into account the 

users’ activities at the core principle level. Building up the performance indicators based on Link 

& Place framework is the natural way to measure road users’ performance. In Chapter 3, many 

types of performance indicators used worldwide were identified, categorised into many groups, 

such as travel costs, travel time, reliability, safety, comfort, etc. Therefore, this study aimed to 

find out how Link & Place can be applied for the measurement of road performance in these 

themes. 

8.1.1 Set up goals and objectives 

Local and international goals and objectives for transport development can be used to set up 

relevant indicators for Link & Place. To establish globally-relevant performance indicators that 

could also be applied locally to the national context, the international goals from worldwide 

perspectives are used to create goals before looking at the existing performance indicators for 

the relevancy of such goals. The selection of performance indicators also has to consider the 

applicability to the proposed Link & Place framework that is applied to the project level with 

consideration of both Link & Place contexts. If the existing local indicators do not fulfil these 

criteria, an additional set of performance indicators should be proposed. 

8.1.1.1 Looking at international transport objectives 

This section reviews the goals of transport development from the international point of view to 

establish the relevant performance measure metrics for Link & Place application in the context of 

Thailand. 

As described in Chapter 3, the broadened perspective for transport analysis led to an 

understanding of the complex interdisciplinary nature of transport issues. The paradigm of the 

transport provision has been shifted towards sustainable development. According to seventeen 

key goals in the UNDP’s Sustainable Development Goals38 (SDGs), there are six goals and eight 

targets that are related to transportation, as shown in Table 8-1. 

  

 
38 http://www.undp.org/content/undp/en/home/sustainable-development-goals.html (accessed 25/4/2018) 

http://www.undp.org/content/undp/en/home/sustainable-development-goals.html
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Table 8-1: SDGs and targets of direct relevance for transport  

Goal Targets 

3. Ensure healthy lives and promote 

well-being for all at all ages 

3.6 By 2020, halve the number of global deaths and injuries from road traffic 

accidents 

 

7. Ensure access to affordable, 

reliable, sustainable and modern 

energy for all 

 

7.3 By 2030, double the global rate of improvement in energy efficiency (*) 

 

9. Build resilient infrastructure, 

promote inclusive and sustainable 

industrialisation and foster 

innovation 

9.1 Develop quality, reliable, sustainable and resilient infrastructure, including 

regional and trans-border infrastructure, to support economic development and 

human well-being, with a focus on affordable and equitable access for all 

 

11. Make cities and human 

settlements inclusive, safe, resilient 

and sustainable 

11.2 By 2030, provide access to safe, affordable, accessible and sustainable 

transport systems for all, improving road safety, notably by expanding public 

transport, with special attention to the needs of those in vulnerable situations, 

such as women, children, persons with disabilities and older persons 

11.6 By 2030, reduce the adverse per capita environmental impact of cities, 

including by paying special attention to air quality and municipal and other 

waste management (*) 

11.7 By 2030, provide universal access to safe, inclusive and accessible, green 

and public spaces, particularly for women and children, older persons and 

persons with disabilities 

 

12. Ensure sustainable 

consumption and production 

patterns 

12.c. Rationalise inefficient fossil-fuel subsidies that encourage wasteful 

consumption by removing market distortions, in accordance with national 

circumstances (*) 

 

13. Take urgent action to combat 

climate change and its impacts 

13.2 Integrate climate change measures into national policies, strategies and 

planning (*) 

(*) these targets do not explicitly mention transport systems, but transport actions are implied or will be instrumental for achieving them 

Source: modified from Table 2 in Gudmundsson and Regmi (2017) 

These goals and targets have been interpreted for a variety of details in a different international 

cooperation platform. The most detailed interpretation for the development of sustainable 

transport in the global south is the 2011 Bogota Declaration for Latin America’s sustainable 

transport (FTS, 2011). The Declaration has been adopted by nine South American countries 

including Argentina, Brazil, Bolivia, Chile, Colombia, Ecuador, Mexico, Paraguay and Uruguay. It 

consists of four main goals and twenty-four sub-objectives, which are aimed for the promotion 

of sustainable transport development. There are eight relevant objectives that are related to road 

development, as shown in Table 8-2. 
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Table 8-2: Bogota’s declaration for sustainable transport development goals and objectives 

Goals Relevant objectives 

Avoid unnecessary motorised travel and reduce 

travel distances 

B1. Increase the efficiency of logistics systems & infrastructure 

B2. Integrate land use and accessibility for development 

 

Shift the trend of individual motorisation to safer, 

efficient and environmentally friendly modes 

B5. Promote pedestrian and bicycle transport 

B7. Promote affordable, safe reliable and of high-quality public 

transport 

 

Improve technology and management of 

transport services 

B14. Promote the adoption of permanent traffic management and 

control to ensure transport quality and safety 

 

Cross-cutting strategies B15. Adopt a zero-tolerance policy to reduce the number of 

injured and dead from accidents 

B16. Monitor the impact of emissions and noise 

B17. Promote the mitigation of GHG emissions that contribute to 

climate change 

B19. Promote consideration for vulnerable users 

Source: adapted and tabulated from FTS (2011) 

 

The more relevant regional transport development goals that are related to Thailand are in the 

Kuala Lumpur Transport Strategic Plan (ASEAN, 2016). The plan has been approved by ten ASEAN 

member states including Indonesia, Thailand, Vietnam, Singapore, Malaysia, Philippines, 

Cambodia, Myanmar, Brunei, and Laos to provide a pathway for transport development from 

2016 to 2025. There are six objectives related to road development, as shown in Table 8-3. 

Table 8-3: Relevant road objectives from the ASEAN Strategic Plan 

Strategic goals Relevant objectives 

Land transport (LT): 

Establish an efficient, safe and integrated 

regional land transport network within ASEAN 

and with the neighbouring countries to 

support the development of trade and 

tourism 

LT-2 Completion of ASEAN Highway Network project 

 

LT-3 Enhance the use of the “Intelligent Transport System” (ITS) 

 

LT-5 Reduce road fatalities by 50% in ASEAN Member States by 2020 

and work towards further decreasing the forecasted level of road 

fatalities in ASEAN by 2030 

 

Sustainable transport (ST): 

Formulate a regional policy framework to 

support sustainable transport which includes 

low carbon modes of transport, energy 

efficiency and user-friendly transport 

initiatives, integration of transport and land-

use planning 

 

ST-1.1 Institute a coordinated approach to further promote non-

motorised and public transport in ASEAN cities 

 

ST-2.3 Develop a monitoring framework and harmonised approach for 

indicators on energy and GHG emissions in the transport sector 

 

ST-2.5 Promote the integration of transport and land-use planning 

Source: adapted and tabulated from ASEAN (2016) 

The goal of developing the performance measurement needs to consider the requirements 

relevant to the global consensus and regional development. As a result, identifying similarities 

and differences between the three sets of established international transport development 
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objectives was required. According to Table 8-4, it was found that the objectives set out by the 

Bogota Declaration were better at addressing sustainable development goals than the ASEAN 

transport objectives. The Bogota Declaration provides more detailed measures concerning the 

specific objective than ASEAN’s. For example, in SDG target 11.2, the Bogota Declaration 

objectives give more specific measures and consider vulnerable users. The Bogota Declaration 

also considers a measure on the environmental impacts, based on the SDG 11.6, which lacks in 

the ASEAN objective.  

Table 8-4: Comparison of the transportation objectives from global south countries with SDGs 

SDG targets Bogota Declaration objectives ASEAN objectives 

3.6 Deaths and injuries from 

road traffic 

B15. Adopt a zero-tolerance policy to 

reduce the number of injured and 

dead from accidents 

LT-5 Reduce the road fatalities and work 

towards further decreasing the forecast 

level of road fatalities  

7.3 Improvement of energy 

efficiency  

- - 

9.1 Quality, reliable, 

sustainable, resilient 

infrastructure 

B1. Increase the efficiency of logistics 

systems & infrastructure 

B14. Promote the adoption of 

permanent traffic management and 

control to ensure transport quality and 

safety 

LT-2 Completion of ASEAN Highway 

Network project 

LT-3 Enhance the use of “Intelligent 

Transport System” (ITS) 

11.2 Access to safe, affordable, 

accessible and sustainable 

transport systems for all 

B5. Promote pedestrian and bicycle 

transport 

B7. Promote affordable, safe reliable 

and of high-quality public transport 

B19. Promote consideration to 

vulnerable users 

 

ST-1.1 Institute coordinated approach to 

further promote non-motorised and public 

transport in ASEAN cities 

 

 

11.6 Adverse environmental 

impact including air quality 

B16. Monitor the impacts of 

emissions and noise 

- 

11.7 Universal access to safe, 

inclusive and accessible, green 

and public spaces 

B2. Promote the integration of land 

use and accessibility for development 

ST-2.5 Promote the integration of 

transport and land-use planning 

12.c Rationalise inefficient 

fossil-fuel subsidies 

- - 

13.2 Integrate climate change 

measures  

B17. Promote mitigation of GHG 

emissions that contribute to climate 

change 

ST-2.3 Develop monitoring framework and 

harmonised approach for indicators on 

energy and GHG emissions in the 

transport sector 

Source: author 

From the comparison of the three sets of international objectives for transport development, the 

goals could be categorised into five themes as movement, safety, environment, sustainable modes 

and public realm, as shown in Table 8-5. The movement theme focuses on the efficiency of 

movement for all road users, while the safety theme aims to reduce the risk of deaths and injuries 

for all road users. The environment theme concerns the impact of local pollutants generated from 

road traffic that affect the health of road users. Sustainable modes focus on the promotion of 
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non-motorised modes that could benefit the health of people who travel in more urbanised built-

up areas. Public realm improves the quality of public spaces alongside the road, which can 

enhance social activities in the urbanised context.  

Accordingly, a complete set of performance indicators for Link & Place should express the quality 

of roads in all five aspects. However, since this thesis works towards developing performance 

measures for roads in wider areas beyond urban areas, sustainable modes and public realm 

indicators, designed for core urban areas, are superfluous as a general requirement. Hence, the 

core indicator themes in the focus of this study are movement, safety and environment. This study 

sets the goals for Link & Place performance measurement using these three themes. 

Table 8-5: Five proposed aspects of road development objectives in global south 

Theme General objectives for road development 
Related SDG 

targets 

Related 

Bogota 

Declaration’s 

objectives 

Related 

ASEAN 

objectives 

Core indicator themes 

1. Movement Increase the movement efficiency of all road 

users by facilitating for efficient modes of 

movement such as public transport and improve 

pedestrian access 

9.1, 11.2 B1, B5, B7, 

B14 

LT-2, LT-3, 

ST-1.1 

2. Safety Reduce the risks of death and injuries from all 

road users, including vulnerable users 

3.6, 11.2 B14, B15, B19 LT-5 

3. 

Environment 

Reduce the local pollution impact from road 

traffic 

11.6 B16 - 

Additional indicator themes 

4. Sustainable 

modes 

Promote non-motorised modes, such as bicycles, 

to reduce GHG emissions 

12.c, 13.2 B5, B17 ST-2.3 

5. Public realm Make the street a better place for living by 

providing public spaces that serve wider social 

activities according to the land-use contexts 

11.7 B2 ST-2.5 

Source: author 

8.1.1.2 Existing goals for transport performance in Thailand 

According to the 2013/2014 metrics, the transport sector in Thailand used seven key 

measurements, as shown in Table 8-6: (1) joint KPIs relating to national goals, (2) Quality of 

service, (3) Budget usage performance, (4) energy savings, (5) IT development, (6) Human 

resource development, and (7) transparency. From all of these, there are only a few PIs that 

measure the road performance based on the users’ lens. These are, for example, the number of 

accidents in public transport, the number of accidents per billion VKT, the percentage of road 

length with IRI above satisfactory level, and the quality of service.  
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Table 8-6: Thailand's transport-related KPIs in fiscal year 2013-2014 

Ministry of Transport DOH and DRR 

External metrics  

1. Joint KPIs relating to national goals 1. Joint KPIs relating to national goals 

1.1. Average Logistics theme’s project delivery score  1.1. Logistics theme’s road project delivery score 

1.2. Volume of waterway & railway freight transport 1.2. Tourism theme’s road project delivery score 

1.3. Number of accidents in public transport 1.3. ASEAN theme’s road project delivery score 

1.3.1. Road (no. of vehicles) 

1.3.2. Waterway (no. of vehicles) 

1.4. Percentage of road length with IRI better than 3.5 

(DOH) and 4.2 (DRR) 

1.3.3. Air (no. of incidents) 1.5. Number of accidents per billion VKT 

1.4. Rail project delivery (% of planned) 1.6. Percentage of customers rated satisfactory above 4 

points in the Customer Experience Management 

System 

1.5. Passenger volume in the metro system (hundreds of 

thousands per day) 

2. Quality of service (Service Level Agreement: SLA) 2. Quality of service (SLA) 

Internal metrics  

3. Budget usage for on-time performance 3. Budget usage for on-time performance 

4. Energy savings 4. Energy savings 

5. IT development 5. IT development 

6. Human resources development 6. Human resources development 

7. Transparency 7. Transparency 

Source: Ministry of Transport, Thailand (2018) 39
 

Upon closer review, the existing method is inadequate for the measurement within the Link & 

Place framework for various reasons. First, most indicators do not have the goals aligned with the 

goals of sustainable development identified earlier. Most of them measure the efficiency of 

funding usage rather than the performance of use. Only a few PIs measure the road performance 

based on the users’ lens. These include, for example, the number of accidents in public transport, 

the number of accidents per billion VKT, the percentage of road length with IRI above satisfactory 

level, and the quality of service. Second, the existing PIs used in Thailand are measured at the 

departmental level. They are not applicable to the Link & Place framework that focuses on the 

measurement of performance at the road project level. Third, these road-related metrics are not 

readily applicable to Link & Place performance measurement method. The relevant PIs, such as 

the IRI (surface roughness), are only applicable to Link (i.e. carriageway). To measure based on 

the Link & Place paradigm, place-related PIs that measure the wider performance on the roadside 

will need to be established. Therefore, a new set of performance indicators must be identified.  

8.1.2 Set up performance indicators 

The themes established in the previous section have given the direction for the selection of the 

relevant performance indicator. This section selects the indicators that are used in the  

 
39 http://www.mot.go.th/page.html?id=19 (ผลการด าเนินงานตามตวัชีว้ดัของกระทรวงคมนาคมปี พ.ศ. 2557 ของ คค. ทล. ทช.) 19/02/2018 

http://www.mot.go.th/page.html?id=19
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Link & Place framework from the international review of road performance indicators compiled 

in Chapter 3.  

In order to clarify whether certain users and solution options are considered related to Link or 

Place, this study consider based on the part of the road that they operate. The Link users and 

options are those which are used or applied on the road surface. The Place users and options are 

those which are used or applied on the footway and adjacent roadside areas.  

With this convention, the Link users include motorised vehicles, public transport, motorcycles and 

bicycles, while the Place users comprise pedestrians, pushchairs, wheelchair users, vision-

impaired users, and those who use the roadside for daily activities.  Therefore, the indicators 

within the three core themes can be arranged into Link indicators and Place indicators, as shown 

in Figure 8-1. 

 

Source: Author 

Figure 8-1: Link & Place indicator criteria on three core indicator themes 

8.1.2.1 Criteria for selecting the PIs and metrics 

Although the terms performance indicators and performance metrics may be used 

interchangeably in many studies, this study distinguishes both terms into two different usages. 

The performance indicator is a more abstract term used to indicate the quality that expresses the 

adequacy of its preceding goal. For example, the delay is a performance indicator under the 

movement theme, which may not specify how it may measure.  On the other hand, 

the performance metric is a term used to convey the method to measure the quality listed under 

the preceding performance indicator. For example, a performance metric of delay indicator is the 

hours wasted in congestion. There can be some instances where many metrics are used to express 

the quality required by a performance indicator. 

Core Performance Indicator Themes

Link Place Link Place Link Place

Increase movement 
efficiency of people 
travelled on the 
carriageway such as 
cars and buses

Increase movement 
efficiency of people 
travelled on the 
footway such as 
pedestrians and 
disabled persons

Movement Safety Environment

Reduce risks of 
death and injuries of 
people travelled on 
the carriageway 
such as cars and 
buses

Reduce risks of 
death and injuries of 
people travelled on 
the footway such as 
pedestrians and 
disabled persons

Reduce local 
pollution impacts 
from traffic for 
people travelled on 
the carriageway 
such as cars and 
buses

Reduce local 
pollution impacts 
from traffic for 
people travelled on 
the footway such as 
pedestrians and 
disabled persons
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This study specified the criteria to select the relevant indicators involving two main steps.  The 

first step is to select the key indicators that are conceptually sound to measure the performance. 

The second step is to select the measurement metrics applicable to the global south. If there are 

no performance indicators or metrics that satisfy the requirements, proxy indicators, and metrics 

may be derived. According to these two steps, a key indicator selection criterion and five criteria 

for metric selection were created as follows. 

Criteria to select performance indicators 

C1. Completeness: the selected indicators should offer a complete picture of measurement 

in each theme. There are three aspects considered for the completeness of indicators. 

First, the PIs should indicate the overall symptom of the problem under each theme. The 

indicators that show overall symptoms are such as overall statistics of use. Second, they 

should offer a view of the user experience. The type of indicators showing the user 

experience should address the quality that users can feel such as surface condition. Third, 

the adequacy of the provision of the infrastructure to prevent such problem is in place. 

This type of indicator should address the quantity or quality of infrastructure that is right 

for the context of use such as design capacity. 

Criteria to select measurement metric 

C2. Inclusiveness: traditional performance metrics often focus on car users. This study aims 

to inclusively consider all users on both Link and Place. Thus, the performance is 

measured on all modes. For example, congestion is a symptom that is affecting not only 

the cars but the public transport users. Thus, measuring the impact of congestion should 

focus on total time wasted by users in both cars and on buses. 

C3. Fairness: the fairness of measurement gives equal consideration for all roads. The 

measurement should not bias for the roads of longer lengths.  

C4. Long-term monitoring capability: to ensure that the metric is comparable in the long run; 

the selected PIs should be able to collect in an on-going basis. The one-off metric such as 

the change in the number of accidents before and after the project delivery is therefore 

not fit for this purpose. 

C5. Double counting treatment: some metrics may indicate the performance of many 

different themes such as the provision of footway could indicate the adequacy of 

movement for place users as well as the safety for place users to not being hit by vehicles. 

To prevent double-counting, each metric will belong to one theme.  
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C6. Practicality: the selected metric should be simple to measure using the data available in 

the global south countries. If there is no data, the measurement may use or develop 

alternative proxy metrics, or temporarily omitted until a data is available. 

8.1.2.2 Indicators selection 

This section discusses the selection of indicators that are used to measure the performance in 

each theme. As explained earlier, there are two criteria for the selection of indicators. Criterion 

C1 is used to identify the types of performance indicators that express the overall symptom of 

the problem, user experience and adequacy of infrastructure provision. Each indicator identified 

in C1 should also comply with the inclusiveness criterion C2 that measures both Link & Place 

users. This study applied those criteria to identify the relevant indicators from the pool of 

indicators in Chapter 3. The result of the selection is shown in Table 8-7.  

Table 8-7: Key indicators for three core performance indicator themes 

Theme Key indicator Indicator 

Overall symptom User experience Adequacy of provision 

Movement L1 Link movement L1-1 Link delays L1-2 Link surface 

condition 

L1-3 Link movement 

capacity 

P1 Place 

movement 

P1-1 Place delays P1-2 Place surface 

condition 

P1-3 Place movement 

capacity 

Safety  L2 Link safety L2-1 Link accident risk L2-2 Link user exposure 

to accident risk 

L2-3 Link safety 

infrastructure 

P2 Place safety P2-2 Place accident 

risk 

P2-2 Place user 

exposure to accident risk 

P2-3 Place safety 

infrastructure 

Environment LP3 Link & Place 

environment 

LP3-1 Link & Place 

noise pollution 

LP3-2 Link & Place air 

pollution 

N/A 

Source: author 

Movement 

There are three aspects that are considered under movement theme: delays, capacity, and 

surface condition. Measuring delays shows an overall symptom of lacking movement 

performance. The capacity indicates the adequacy of provision. Surface condition affects the 

movement experience of users.  

Safety 

The key indicators that affect safety performance include the accident risk, user risks and 

provision of infrastructure for safety. The accident risk gives an overall picture of road safety. The 

user exposure to accident risk measures exposure to the cause of accident or hazard. The 

provision of adequate safety infrastructure ensures that the safety feature is provided sufficiently. 
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Environment 

There are limited numbers of indicators that have been derived for the measurement of the 

environment. Most relevant environment indicators measure the overall pollution levels that 

affect people living alongside the road, such as air and noise quality. These indicators show the 

overall symptom. Within the existing pool of performance indicators collected, no indicator that 

could show the user experience from the pollution and adequacy of infrastructure for pollution 

reduction can be found at present.  

8.1.2.3 Performance metrics selection 

This section discusses the selection of the performance metrics in detail in terms of expressing 

the identified indicators.  

L1 Link movement 

Movement is one of the most important aspects of road performance. It indicates how well the 

road performs as a conduit for traffic flow. The selection of potential metrics that are useful for 

Link & Place performance measurement is shown in Table 8-8. A detailed explanation of the 

selected metric for each indicator is provided in the following subsections.  

Table 8-8: List of metrics that are potentially useful as 'Link Movement' for Link & Place performance measurement 

Key indicator Indicator Potential metric 

L1 Link 

Movement 

L1-1 Link delays - Travel time index (ratio of travel time to free-flow travel time) [30][35][43] 

- Travel rate (amount of additional time required due to congestion) [30] 

L1-2 Link surface 

condition 

- Roughness (IRI) [29][33][34][36][37][38][40] 

- Present serviceability rating (PSR) [48] 

L1-3 Link movement 

capacity 

- Lane width [29] 

Source: author 

L1-1 Link delays 

As observed from the international PIs in Table 8-8, the indicators for congestion are generally 

measured in terms of capacity and speed (or similarly, time). The measurement for congestion 

based on the capacity is involved around the empirical studies on the relationship of road traffic 

flow-speed-density by the different capacity of the road (see TRB (2010) for the technical detail 

of the methodology). While this method is useful for estimation of the congestion using the road 

geometry data, it cannot adequately observe the real-time phenomenon of congestion. 

Falcocchio and Levinson (2015) suggested that, as users observe a reduction in speed, they 

become more aware of the congestion. Recent advancements in vehicle tracking technology have 

made it possible to find the condition of congestion using speed data. The advantage of this 

method is that it allows the real-time collection of speed and positioning for vehicles along the 
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entire length of a road in the network. Hence, the identification of congestion should be assessed 

from actual speed data.  

It was found that there are three potentially useful indicators for congestion: travel time index, 

travel rate and hour wasted in congestion. The travel time index is a measure of the actual travel 

time per free-flow travel time in a given road segment. Congestion is indicated by the excess of 

travel time index, which is a proportionate increase in journey time (P. Jones, 2016b). The travel 

rate is measured using the inverse of average speed in the road segment as in min/km. The excess 

travel rate, or congestion delay rate as called in Falcocchio & Levinson (2015), is the additional 

minutes required to travel per km in congested condition.  

Although the travel time index and travel rate can be used to capture the delays on the road, they 

do not represent the congestion intensity. The better indicator that takes into account the 

intensity of congestion is the ‘hours wasted in congestion’. It is estimated from the excess travel 

time by all car commuters above the average trip length in minutes (Cookson & Pishue, 2017). To 

make a better attribution of the effects to all road users, the intensity of congestion should be 

indicated based on ‘person-hours wasted in congestion (P. Jones, 2016b). This can be measured 

by including the average vehicle occupancy on motorised vehicles in the calculation.  

This study proposed that the ‘person-hours wasted in congestion’ metric should be used for Link 

as it fairly indicates the impact of congestion on all people in each road segment (see Table 8-9). 

Different Link status could also create different result to the person-hours wasted in congestion 

which may be beneficial by Link & Place performance analysis in showing the acceptable level of 

congestion based on the different context of use. This measurement could be used to monitor 

the performance on an on-going basis, which makes it perfect for long-term performance 

monitoring. For practicality, this study tested different ways of measurement in Appendix I and 

found that it can be done using the type of data collected in global south. 

Table 8-9: Recommended metric for L1-1: Link delays 

Indicator Metric Extent of measurement 

L1-1 Link delays Person-hours wasted in congestion Measure only at Link I-III; use peak-

hour traffic volume data  

Source: author 

L1-2 Link surface condition 

Although roadway conditions have many elements to observe such as traffic signs, road markings, 

safety devices, road structure, evenness, the friction of the surface and road surface conditions, 

the universally accepted indicator that is used to preliminarily screen the road condition is the 

‘road surface roughness’. 
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Surface roughness is the main attribute to observe the ride quality of the road. The measurement 

of roughness can point to the other problems to the road that can be further identified in detail.  

There are two common methods for the measurement of roughness. The first method is the 

present serviceability rating (PSR) developed by AASHO Road Test in 1972 (see Table 8-10). PSR 

is measured based on the observation of riding condition from individual vehicle user. The rating 

of the PSR ranges from 5.0 (excellent) to 0.0 (impassable). 

Table 8-10: Descriptive criteria for assessment of the road’s present serviceability rating (PSR) 

PSR Description 

4.0 - 

5.0 

Only new (or nearly new) superior pavements are likely to be smooth enough and distress free (sufficiently free of 

cracks and patches) to qualify for this category. Most pavements constructed or resurfaced during the data year 

would normally be rated in this category. 

3.0 - 

4.0 

Pavements in this category, although not quite as smooth as those described above, give a first-class ride and 

exhibit few, if any, visible signs of surface deterioration. Flexible pavements may be beginning to show evidence 

of rutting and fine random cracks. Rigid pavements may be beginning to show evidence of slight surface 

deterioration, such as minor cracks and spalling. 

2.0 - 

3.0 

The riding qualities of pavements in this category are noticeably inferior to those of new pavements and may be 

barely tolerable for high-speed traffic. Surface defects of flexible pavements may include rutting, map cracking, 

and extensive patching. Rigid pavements in this group may have a few joint failures, faulting and/or cracking, and 

some pumping. 

1.0 - 

2.0 

Pavements in this category have deteriorated to such an extent that they affect the speed of free-flow traffic. 

Flexible pavement may have large potholes and deep cracks. Distress includes ravelling, cracking, rutting and 

occurs over 50 per cent of the surface. Rigid pavement distress includes joint spalling, patching, cracking, scaling, 

and may include pumping and faulting. 

0.0 - 

1.0 

Pavements in this category are in an extremely deteriorated condition. The facility is passable only at reduced 

speeds and with considerable ride discomfort. Large potholes and deep cracks exist. Distress occurs over 75 per 

cent or more of the surface. 

Source: Tabulated from FHWA40 

The second method used to measure surface roughness is the International Roughness Index 

(IRI). IRI is a scale derived from a response to the roughness by the simulated generic motor 

vehicle in a single wheel path of the road surface (MNDOT, 2007). It is generally reported in 

metres/kilometre, millimetres/metre or inches/mile. The rating for IRI can range from 0.0 

(smooth) to more than 16.0 (rough) as shown in Figure 8-2. In practice, the acceptable value for 

IRI can vary by the type of road and from one road authority to another (see for example Arhin, 

Noel, & Ribbiso (2015); Jurgens & Chan (2005); MNDOT (2007); Múčka (2017)). 

 
40 https://safety.fhwa.dot.gov/tools/data_tools/mirereport/29.cfm (accessed 7/5/2018) 

https://safety.fhwa.dot.gov/tools/data_tools/mirereport/29.cfm
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Figure 8-2: IRI roughness scale, as replotted from Sayers, Gillespie, & Paterson (1986) 

Source: Figure 2 in Pavement Interactive
41

 

Since both methods could adequately indicate the performance of road surface roughness, 

ideally, both methods could be used for Link performance measurement. However, upon 

reviewing the existing performance metrics used for measuring the road surface roughness in 

Thailand in Appendix I, it was found that the PSR rating system is simpler and could be applied by 

local authorities who do not have sophisticated measurement tools available. Therefore, this 

study proposed that the performance metric for surface roughness should be done based on the 

PSR rating system (see Table 8-11). 

Table 8-11: Recommended metric for L1-2: Link surface condition 

Indicator Metric Extent of measurement 

L1-2 Link surface condition PSR rating of road surface condition Measure at all Link levels 

Source: author 

L1-3 Link capacity 

The capacity of the road depends on several factors. The first is the geometric dimensions of the 

road such as the number of lanes, lane width, shoulder width, lateral clearance, and horizontal 

and vertical alignments. The second factor is the design speed and vehicle composition. The third 

is the mechanism of traffic control and the behaviour of road users. 

If only the first factor is taken into consideration, the measurement allows the designer to derive 

the design capacity, which is the maximum traffic volume that the road section may handle from 

the empirical evidence of capacity distribution (TfL, 2013). Taking the second and third factors 

into consideration, the direct empirical measurement has to be performed in order to find the 

operational capacity that represents the actual maximum flow rate of the roadway. 

 
41 http://www.pavementinteractive.org/roughness/#refmark-2 (accessed 7/5/2018) 

http://www.pavementinteractive.org/roughness/#refmark-2
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For rough estimation of the capacity without detailed traffic data, lane width could be used as a 

proxy indicator. Using the design framework by Strawman (Coakley, Storm, & Neuman, 2016) 

could be useful to estimate the desirable lane widths for different road functions, as shown in 

Table 8-12. This could be useful for the performance measurement in Link & Place. 

Table 8-12: Strawman framework for the design of lane widths for different road functions 

 

Source: Coakley et al. (2016) 

This study proposes that the lane width could be used to indicate the performance of Link 

capacity (see Table 8-13). This is to simplify the measurement in practice. Lane width data is easily 

obtainable from a field surveyor and desktop data from currently available online mapping 

services such as Google maps.  

Table 8-13: Recommended metric for L1-3: Link movement capacity 

Indicator Metric Extent of measurement 

L1-3 Link movement capacity Average lane width Measure at all Link levels 

Source: author 

P1 Place movement 

Place movement considers the movement performance for Place users, including pedestrians and 

disabled persons. List of related metrics for Place movement is shown in Table 8-14. 
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Table 8-14: List of metrics that are potentially useful as 'Place Movement' for Link & Place performance measurement 

Key indicator Indicator Potential metric 

P1 Place 

Movement 

P1-1 Place delays - Crossing level of service [46] 

- Availability of crossings (count the number of crossings available per 

stretch) [51] 

- Mid-link crossings, to meet desire lines [49] 

- Opportunity to cross the street away from junctions [49] 

P1-2 Place surface 

condition 

- Quality of walking surface [49] 

- PERS Link review: surface quality [52] 

P1-3 Place movement 

capacity 

- Healthy street check: width of a clear continuous walking surface [49] 

- PERS Link review: effective width [52] 

Source: author 

P1-1 Place delays 

An important aspect in the adequacy of infrastructure is the pinch points that slow the flow of 

pedestrians. The main factor for the crossing convenience is the opportunity to cross. The road 

with more frequent crossing point provides convenience for the pedestrian to walk without 

delays.  

Austroads (2015) has established criteria to assess the crossing opportunities in terms of the level 

of service, as shown in Table 8-15. The crossing opportunities are based on the frequency of 

crossing points.  

Table 8-15: Austroads level of service for pedestrian crossing opportunities 

Level of service Description 

A The distance that pedestrian can safely cross the road from an origin anywhere 

along the road within 25 m (i.e. crossing point every 50 m) 

B The distance that pedestrian can safely cross the road from an origin anywhere 

along the road within 50 m (i.e. crossing point every 100 m) 

C The distance that pedestrian can safely cross the road from an origin anywhere 

along the road within 100 m (i.e. crossing point every 200 m) 

D The distance that pedestrian can safely cross the road from an origin anywhere 

along the road within 400 m (i.e. crossing point every 800 m) 

F The distance that pedestrian can safely cross the road from an origin anywhere 

along the road more than 400 m (i.e. crossing point further than every 800 m) 

Source: modified from Austroads (2015) 

In fact, the opportunity to cross depends on the speed, composition and volume of vehicles in 

global south, where signalised crossings are rarely provided. The ADB’s walkability study (Leather, 

Fabian, Gota, & Mejia, 2011) provided specific metrics to measure the crossing opportunities in 

conjunction with the speed of vehicles, as shown in Table 8-16.  
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Table 8-16: ADB metrics for crossing opportunity 

Metric Score = 5 4 3 2 1 

Availability of 

Crossings (count 

the number of 

crossings 

available per 

stretch) 

There is no need for 

controlled crossings 

as pedestrians are 

safe to cross wherever 

they like, and vehicles 

and pedestrians 

coexist 

Average 

distance of 

controlled 

crossings is 

between 100 m 

and 200 m  

 

and  

average speed 

is 20–40 kph 

Average 

distance of 

controlled 

crossings is 

between 200 m 

and 300 m  

 

and  

average speed 

is 20–40 kph 

Average 

distance of 

controlled 

crossings is 

between 500 m 

and 300 m  

 

and  

average speed 

is around 40 

kilometres per 

hour (kph) 

Average 

distance of 

controlled 

crossings is 

greater than 

500 meters (m)  

 

and  

average speed 

is high 

Source: (Leather et al., 2011) 

To further provide adequate crossing, the location of a crossing also has to meet the desire line. 

Healthy street check provides two criteria for considering the locations of crossings. The first is 

the adequacy of crossing at mid-link, while the second is the opportunity to cross the street away 

from a junction. The detailed measurement criteria are shown in Table 8-17. 

Table 8-17: Healthy Street indicators related to crossing opportunity 

Metric Score = 3 2 1 0 

Mid-link crossings, to 

meet desire lines 

Main desire lines 

across links are met by 

crossings suitable for 

all users at all times. 

Main desire lines 

across links are met by 

crossings that are 

suitable some of the 

time, but that does not 

meet demand all of the 

time. 

Main desire lines 

across links are not 

met by pedestrian 

crossings. 

- 

Opportunity to cross 

the street away from 

junctions 

Crossing is 

uncontrolled, with 

conflicting traffic 

volume less than 200 

vehicles per hour.  

or 

A zebra or parallel 

crossing is provided.  

or 

Crossing is signalised 

so that people 

crossing the main 

carriageway have 

priority, while traffic on 

the main carriageway 

has on-demand green. 

Crossing is 

uncontrolled, with 

conflicting traffic 

volume between 200 

and 1000 vehicles per 

hour.  

or 

Crossing is signalised 

and straight-across, 

where the distance to 

cross is less than 15m 

or greater than 15m in 

a 20mph speed limit. 

or 

Crossing is signalised 

and staggered where 

the distance to cross is 

greater than 15m in a 

30mph+ speed limit. 

Crossing is 

uncontrolled, with 

conflicting traffic 

volume greater than 

1000 vehicles per hour. 

or 

Crossing is signalised 

and straight-across, 

where the distance to 

cross is greater than 

15m in a 30mph+ 

speed limit. 

- 

Source: Healthy Street Check (TfL, 2017) 
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From this information, the opportunity to cross involves three factors: (i) the opportunity to cross 

at midblock without known desire lines (as suggested by Austroads and ADB); (ii) the opportunity 

to cross at the desire lines—midblock (as suggested by Healthy Street); (iii)  the opportunity to 

cross at desire lines—intersections (as suggested by Healthy Street). Hence, this study proposes 

to use these three sub-metrics as measures for crossing opportunity. 

To make these three sub-metrics applicable to the Link & Place framework, further development 

is needed for these three cases of crossing opportunity. Appendix I provides the details of how 

these metrics are done in accordance with the context of Place. The recommended metrics are 

summarised in Table 8-18. 

Table 8-18: Recommended metric for P1-1: Place delays 

Indicator Metric Extent of measurement 

P1-1 Place delays Intersection crossing opportunity  

 

Sub metrics: 

- number intersection legs with crossing 

opportunity 

- distance away from crossing at intersection 

Measuring at a section buffering 50 m from 

the intersection that are: 

- Intersection of Link I-III 

- Intersection between Link I-III and Link IV 

that is at least 7.0 m wide 

- Intersection between Link I-III and Link IV-

V that has a major attractor within 250 m 

Distance of crossing facilities away from the 

entrance of major attractor 

At a section buffering 50 m from the front 

of a major attractor such as: 

Public transport station, shopping mall, 

hospital, school, market, temple, or other 

places where a high volume of people tends 

to gather. 

Distance away from nearest crossing facility Measuring at Link I-III; Link IV with width at 

least 7.0 m 

Source: author 

P1-2 Place surface condition 

Footways in good condition promote comfort and a safe walking experience. Upon reviewing the 

literature for the measurement of footway conditions, it was found that Healthy Street Check (TfL, 

2017)  and PERS (TRL, 2010) are more advanced in giving the detailed criteria for measuring the 

footway conditions. 

Healthy street (TfL, 2017) offers the criteria to rate the quality of walking surface based on a 0-3 

scale as indicated in Table 8-19. The method is subjective because it depends on the assessor to 

define the defects. 
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Table 8-19: Rating criteria for the quality of walking surface in Healthy Street Check 

Metric Score = 3 2 1 0 

Quality of 

walking 

surface 

There is an even and 

smooth surface for 

walking.  

or 

There are defects but 

resurfacing of the 

whole walking surface 

is proposed. 

There are a few minor 

defects in the surface 

for walking. 

There are many minor 

defects on the surface 

for walking. 

There are major 

defects in the surface 

for walking. 

Source: Healthy Street (TfL, 2017) 

PERS Link introduces more concrete criteria to rate the defects on different types of footway 

surfaces, as described in Table 8-20.  

Table 8-20: PERS Link review indicator for surface quality 

Defect Definition Defect 

hierarchy 

PERS 

score 

Bituminous footway 

Severe Local Severe local settlement or subsidence producing a difference in level 

greater than 30mm. This will include patches or public utility 

reinstatements and areas where the footway has heaved, for example, 

due to tree roots. 

High -3 

Longitudinal Trip Vertical projections exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Major Fretting Loss of material other than surface applied chippings from the wearing 

surface to the degree that the original wearing surface is no longer 

discernible. This may be apparent if larger aggregate in the base course 

is exposed. 

High -3/-2 

Major Cracking Loss of material other than surface applied chippings from the wearing 

surface to the degree that the original wearing surface is no longer 

discernible. This may be apparent if larger aggregate in the base course 

is exposed. 

Medium -2/-1 

Moderate Local Moderate local settlement or subsidence producing a varying level from 

10mm to 30mm. This will include patches or public utility 

reinstatements and areas where the footway has heaved, for example, 

due to tree roots. 

Medium -1/0 

Minor Cracking Fine cracking or crazing with little or no visible crack width when viewed 

from a standing position. 

Low 0 

Minor Fretting Loss of material other than surface applied chippings from the wearing 

surface where the original wearing surface remains discernible. 

Low 0/1 

Spot Defects Isolated "spot" defects, such as vertical projections ("trips") exceeding 

13mm, areas of ponding or depressions and pot-holing. 

Varies -3 to 

+3 

Block paved footway 

Cracked and 

Depressed Blocks 

Blocks which are cracked and have gradual depressions or vertical 

projections greater than 13mm associated with the cracking. 

High -3/-2 

Depressed or 

Missing Blocks 

Missing blocks or uncracked blocks which have depressions or vertical 

projections greater than 13mm. 

High -3/-2 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 
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Defect Definition Defect 

hierarchy 

PERS 

score 

Damaged Blocks Blocks which are cracked, spalled or otherwise damaged but have no 

depressions or vertical projections greater than 13mm. 

Medium -1/0 

Missing Filler Areas where the joint filling medium is not present. Low 0/1 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small depressions and 

areas of ponding. Potholes. Rocking Blocks. Missing Blocks. 

Varies -3 to 

+3 

Concrete footway 

Severe Local 

Settlement/ 

Subsidence 

Severe local settlement or subsidence producing a difference in level 

greater than 30mm. This will include patches or public utility 

reinstatements, gradual depressions associated with cracking of slabs, 

sudden discontinuities at joints or cracks. 

High -3 

Major 

Scaling/ Fretting 

Loss of material from the surface leaving the coarse aggregate proud of 

the matrix or causing loss of coarse aggregate. 

High -3/-2 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Major Cracking Wide Single and Multiple Cracks. Medium -2/-1 

Minor 

Scaling/ Fretting 

Loss of material from the matrix causing exposure of the surface of the 

coarse aggregate 

Medium -1/0 

Moderate Local 

Settlement/ 

Subsidence 

Moderate local settlement or subsidence producing a difference in level 

from 13mm to 30mm. This will include patches or public utility 

reinstatements, gradual depressions associated with cracking of slabs, 

sudden discontinuities at joints or cracks. 

Medium -1/0 

Minor Cracking Fine cracking or crazing with little or no visible crack width when viewed 

from a standing position.  

Low 0/1 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small Depressions and 

areas of ponding. Potholes. Rocking blocks. 

Varies -3 to 

+3 

Flagged footway 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Cracked and 

Depressed Flags 

Flags which are cracked and have gradual depressions or vertical 

projections greater than 13mm associated with the cracking. 

High -3/-2 

Depressed Flags 

(not Cracked) 

Flags which are not cracked but have gradual depressions or vertical 

projections greater than 13mm. 

High -3/-2 

Cracked but Level 

Flags 

Flags which are cracked but have no depressions or vertical projections 

greater than 13mm. 

Medium -1/0 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small depressions and 

areas of ponding. Potholes. Rocking Flags. Missing Flags. Gaps 

between Flags. 

Varies -3 to 

+3 

Source: adapted from P.36-38 in (TRL, 2010) 

The quality of the walking surface is not only affected by the condition of the footway surface, 

but also the condition of the crossing surface. Poor crossing surface quality reduces safety and 

comfort for the pedestrians and may inflict route severance to mobility-impaired persons. PERS 

offers a comprehensive guideline for the investigation of the crossing surface condition by 

reviewing the smoothness, trip hazards, surface quality according to the context and other 

features at the crossings that may reduce safety. 
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This study proposes that the metric for the surface condition should be based on PERS because 

it has detailed attribution of various defects on both footways and crossings. Moreover, the more 

detailed assessment guideline by PERS could be easily followed by practitioners. However, these 

metrics require very detailed measurement, which may be too complex for application in certain 

countries in the global south. Simplification is needed by using easy inspection criteria, as shown 

in Figure 8-3. Appendix I explains the development of the simplified method. As a result of the 

simplification, the recommended metric for Place surface condition is summarised in Table 8-21.  

 

Figure 8-3: Simplified assessment for footway surface condition (source: author) 

Table 8-21: Recommended metric for P1-2: Place surface condition 

Indicator Metric Extent of measurement 

P1-2 Place surface condition Footway surface roughness 

- PSR-Style criteria based on the type 

of footway surface 

- Rating showed in Good/Rough/Fail 

All roads 

Source: author 

P1-3 Place movement capacity 

The indicator for Place movement capacity is the capacity of the footway. The width of the 

footway is a factor determining the flow of pedestrian movement. There are two main methods 

to measure the width of footway by PERS and Healthy Street Check.  

PERS effective width metric for Link review by TRL (2010) recommends the method to measure 

footway capacity for pedestrian movement using a seven-point scale from -3 to +3. The values 

Type of surface Good Rough Fail

Flag
Good: no defect seen
Rough: can see small defect but 
does not affect walking 
experience
Fail: the defect severely affect 
walking experience

Block
Good: no defect seen
Rough: can see small defect but 
does not affect walking 
experience
Fail: the defect severely affect 
walking experience

Concrete
Good: no defect seen
Rough: can see small defect but 
does not affect walking 
experience
Fail: the defect severely affect 
walking experience

Asphalt
Good: no defect seen
Rough: can see small defect but 
does not affect walking 
experience
Fail: the defect severely affect 
walking experience

!

!

!

!
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for pedestrian flow and effective width of footway were selected to represent the PERS score, as 

shown in Table 8-22.  

Table 8-22: PERS level of service rating for the footway infrastructure 

 

Source: P.20 in TRL (2010) 

The Healthy Street Check (TfL, 2017) provided an assessment method for the width of footway 

as one of its indicators, as shown in Table 8-23. A rating from 3 to 0 is given based on the width 

of a clear, continuous walking surface. The criteria for scoring are based on the degree of place 

activities ranging from busy, moderately busy and quiet. This could be applied to the Place status 

within the Link & Place framework. 

Table 8-23: Healthy street rating for the footway width performance 

Rating 
Width of clear continuous walking surface (m) 

Busy Moderately busy Quiet 

3 >2.5 >2.0 >1.5 

2 2.0 – 2.5 1.5 – 2.0  

1 1.5 – 2.0 N/A 

0 <1.5 

Source: modified from TfL (2017) 

According to both methods, it was found that the Healthy Street metric is more suitable to apply 

in the Link & Place framework as it takes into account different levels of pedestrian activities, 

which coincide with the function of Place status. However, the data for the effective width of 

walking in the global south may not be available due to the lack of prior collection of footway 

performance. The available data tends to be the as-built design, which specifies the overall 

footway width. Thus, this study proposes to use the overall width of the footway as a metric for 

the measurement of performance, as shown in Table 8-24. The values in the table are according 

to the standard footway design in Thailand, as explained in detail in Appendix I. For application in 

other global south countries, the planners may need to follow locally-accepted standards. The 

recommended metric for application in the case study in Thailand is summarised in Table 8-25. 
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Table 8-24: Healthy street rating for the footway width performance modified using overall footway width 

Rating 
Overall width of footway (m) 

Busy Moderately busy Quiet 

3 >4.0 >3.2 >2.0 

2 3.2 – 4.0 2.6 – 3.2  

1 3.0 – 3.2 N/A 

0 <2.0 

Source: author 

Table 8-25: Recommended metrics for P1-3: Place movement capacity 

Indicator Metric Extent of measurement 

P1-3 Place movement capacity Overall width of the footway All roads 

Source: author 

L2 Link safety / P2 Place safety 

The primary objective of road safety is to reduce the number of deaths and injuries among all 

road users. Since the Link users are road vehicle users and the place users are the pedestrians, 

the selection of the performance indicators for safety problem for the Link and Place should 

indicate the magnitude of safety concern for the on the road vehicle users and pedestrian, 

respectively.  

As revealed from the international PIs for road safety in Chapter 3, there are multitudes of safety 

PIs with varying details. For this stage of problem identification, the potential PIs will preferably 

be a single indicator that can summarise the problem on each road segment as listed in Table 

8-26. Then it will prompt road safety auditors to get a detailed assessment. 

Table 8-26: List of metrics that are potentially useful as 'Link Safety' and ‘Place Safety’ for Link & Place performance 
measurement 

Key 

indicator Indicator Potential metric 

L2 Link 

Safety /  

P2 Place 

Safety 

L2-1 Link accident risk  

P2-1 Place accident risk 

- Accident rates per million vehicle kilometres (MVK) 

[29][33][34][36][38][40] 

L2-2 Link user exposure to accident 

risk  

P2-2 Place user exposure to 

accident risk 

- Variation from posted speed [41] 

- Selected PERS street audit metrics related to pedestrian movement 

hazards [52] 

L2-3 Link safety infrastructure  

P2-3 Place safety infrastructure 

- Street lighting meets designated standards [49] 

Source: author 

L2-1 Link accident risk / P2-1 Place accident risk 

The best indicator that reveals the extent of accidents in terms of use is “accident rates per million 

vehicle kilometres (MVK)”. This can be used to identify the intensity of accidents in each road 

segment. The number of accidents is usually reported by police in terms of the number of on-

road motor vehicle crashes that result in death or injury. The kilometres of travel can be 

calculated from the traffic volume data on the investigated road segment. 
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However, the accident, in general, does not occur at the same spot every year. The period of 

monitoring should be long enough to capture the extent of accidents in a road segment. The 

location of high risk for an accident is called a black spot. The measurement of the back spot often 

done per 100 metres segment and is generally determined by a combination of accident rate (i.e. 

the number of accident per million vehicle kilometre travelled) or accident frequency (i.e. the 

number of accident at a certain location over a period of time) (Geurts & Wets, 2003).  

This metric could be used to indicate the overall safety for both Link & Place as summarised in 

Table 8-27. To prevent the double-counting issue, the metric needs to measure at different users. 

For Link users, the metric measures the number of accidents to the vehicles only. For Place users, 

measuring accident risk for roadside users, such as pedestrians, should be adequate.   

Table 8-27: Recommended metrics for L2-1/P2-1: Link/Place accident risk 

Indicator Metric Extent of measurement 

L2-1 Link accident risk Number of accidents to the vehicles 

per 1000 MVK over the past three 

years 

All roads 

P2-1 Place accident risk Number of accidents to the 

pedestrians per 1000 MVK over the 

past three years 

All roads 

Source: author 

L2-2 Link user exposure to accident risk 

It has been observed that there is a strong relationship between speed and accident risk42. Based 

on empirical studies in Britain by Taylor, an increase of 1 km/h speed is associated with increased 

accident risk up to 4% in urban areas and 5.5% in rural areas.  

The speed limit is often used to reduce the risk of accidents from speeding by road users. 

According to NCHRP report 504 (Fitzpatrick, Carlson, Brewer, Wooldridge, & Miaou, 2003), there 

has been a practice that the road design speed is set at the 85th percentile. This value is used on 

the speed limit sign, called the posted speed. Hence, the posted speed could be used to identify 

the risk of accident such that if the operating speed at 85th percentile exceeds the posted speed 

limit, there is a risk for user safety.  

The existing metric for Link user exposure to accident risk measures the variation in the posted 

speed. It can be inferred that the variations could be higher or lower than the posted speed limit. 

However, for the purpose of improving road safety, the variation of the posted speed should be 

measured from those over the limit. Thus, the metric is measured from the speed at which the 

 
42 
https://ec.europa.eu/transport/road_safety/specialist/knowledge/speed/speed_is_a_central_issue_in_road_safety/ 
speed_and_accident_risk_en accessed 15/10/2019 

https://ec.europa.eu/transport/road_safety/specialist/knowledge/speed/speed_is_a_central_issue_in_road_safety/%20speed_and_accident_risk_en
https://ec.europa.eu/transport/road_safety/specialist/knowledge/speed/speed_is_a_central_issue_in_road_safety/%20speed_and_accident_risk_en
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operating speed of 85th percentile is at (see Table 8-28). If it is higher than the posted speed limit, 

the Link user’s exposure to accident risk becomes higher. 

Table 8-28: Recommended metrics for L2-2 Link user exposure to accident risk 

Indicator Metric Extent of measurement 

L2-2 Link user exposure to accident 

risk 

85th percentile speed Only off-peak speed is used 

Source: author 

P2-2 Place user exposure to accident risk 

The risk for a Place user accident requires a detailed assessment of the footway. PERS Street Audit 

Pedestrian Mode: On-Street Assessment Handbook offered a ‘gold standard’ for auditing the 

pedestrian movement infrastructure. Accordingly, the following recommendations were 

compiled for the indicator ‘P2-2’. 

In general, providing adequate footway space will prevent pedestrians from walking on the road, 

which is dangerous. This indicator further elaborates the pedestrian movement risk for hazards 

when walking or moving with aids.  

The hazards can happen from the poor surface such as tripping and falling as indicated in ‘P1-2 

Place surface condition’. Table 8-29 shows the types of surface defects that create risk for tripping 

and falling hazards. To prevent double-counting, they may remain under ‘P1-2’ or separate those 

metrics and place them in ‘P2-2’. This study decided to do the latter because there were other 

types of hazards that needed to be considered as well. 

Table 8-29: (Recap) footway surface defects that are considered hazards for tripping and falling 

Defect Definition Defect 

hierarchy 

PERS 

score 

Bituminous footway 

Severe Local Severe local settlement or subsidence producing a difference in level 

greater than 30mm. This will include patches or public utility 

reinstatements and areas where the footway has heaved, for example, 

due to tree roots. 

High -3 

Longitudinal Trip Vertical projections exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Major Fretting Loss of material other than surface applied chippings from the wearing 

surface to the degree that the original wearing surface is no longer 

discernible. This may be apparent if larger aggregate in the base course 

is exposed. 

High -3/-2 

Spot Defects Isolated "spot" defects, such as vertical projections ("trips") exceeding 

13mm, areas of ponding or depressions and potholing. 

 

Varies -3 to 

+3 

Block paved footway 

Cracked and 

Depressed Blocks 

Blocks which are cracked and have gradual depressions or vertical 

projections greater than 13mm associated with the cracking. 

High -3/-2 



Chapter 8: Development of methodology for performance measurement and prioritisation 

269 

Depressed or 

Missing Blocks 

Missing blocks or uncracked blocks which have depressions or vertical 

projections greater than 13mm. 

High -3/-2 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small depressions and 

areas of ponding. Potholes. Rocking Blocks. Missing Blocks. 

Varies -3 to 

+3 

Concrete footway 

Severe Local 

Settlement/ 

Subsidence 

Severe local settlement or subsidence producing a difference in level 

greater than 30mm. This will include patches or public utility 

reinstatements, gradual depressions associated with cracking of slabs, 

sudden discontinuities at joints or cracks. 

High -3 

Major 

Scaling/ Fretting 

Loss of material from the surface leaving the coarse aggregate proud of 

the matrix or causing loss of coarse aggregate. 

High -3/-2 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small Depressions and 

areas of ponding. Potholes. Rocking blocks. 

Varies -3 to 

+3 

Flagged footway 

Longitudinal Trip Vertical projection exceeding 13mm which extends continuously in the 

longitudinal direction, e.g. along the back of a kerb or along the edge of 

a reinstatement. 

High -3/-2 

Cracked and 

Depressed Flags 

Flags which are cracked and have gradual depressions or vertical 

projections greater than 13mm associated with the cracking. 

High -3/-2 

Depressed Flags 

(not Cracked) 

Flags which are not cracked but have gradual depressions or vertical 

projections greater than 13mm. 

High -3/-2 

Spot Defects Vertical projections ("trips") exceeding 13mm. Small depressions and 

areas of ponding. Potholes. Rocking Flags. Missing Flags. Gaps between 

Flags. 

Varies -3 to 

+3 

Source: Adapted from TRL (2010) 

The second type of hazard is the obstruction of movement. There can be some instances where 

the infrastructure is placed in the wrong place which creates a risk to movement. For example, 

placing a pole at the location of pedestrian crossing may delay the crossing and create a risk of 

crashing with oncoming vehicles. Wheelchair users may also find it hard to navigate away from 

these kinds of obstacles which force them to move into a more dangerous spot such as the street 

below. TRL (2010) recommends that the installation of safety barriers is kept to the minimum 

level that is consistent with public safety. 

The third type of hazard is the wrong navigation information for vision impaired persons and 

persons with special assistance. The infrastructure that helps to create clear navigation includes 

tactile paving and colour contrast. Using tactile paving and colour contrast helps to delineate the 

way for persons with vision impaired out of the hazards. However, wrong information will mislead 

them and create a significant risk for health and safety. For example, if the tactile paving is present 

to guide the way but does not have a warning pavement at the end of the footway, it could create 
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risk for pedestrians who walk into the traffic on the street. Table 8-30 shows a detailed 

assessment of the criteria for the navigation metric based on PERS guideline.  

Table 8-30: PERS Link indicators related to users' navigation 

Criteria Desirable quality Prompts 

Tactile 

information 

• Tactile information serves its intended 

functions: it can delineate routes, it can be 

used to signify hazards, and it can be used to 

segregate pedestrians from vehicles such as 

cycles. 

• Some attention should be given to the 

maintenance of tactile information, such as 

the interruption of utilities and the fading of 

colour 

• Is tactile information present? 

• Is the tactile information consistent and 

correct? 

• Does the tactile provision meet with the 

standards? 

• To what extent is it maintained? 

• Is the tactile paving the right colour? 

• Are there any interruptions, service hatches for 

example? 

Colour 

contrast 

• Hazards such as obstructions should be 

signified by a band of contrasting colour at the 

approximate eye level of pedestrians.  

• This band should be of at least 150mm in-

depth and the lower edge should be 1400mm 

to 1600mm above ground level. 

• Colour contrast should also be used to 

highlight guard rails or handrails. 

• Is there tonal contrast? 

• Is it the right kind of colour contrast? 

• Does the provision assist navigation? 

• Is visibility enhanced? 

• Is there an identification of pedestrian space? 

• Can existing pedestrian routes be identified? 

Source: PERS Link adapted from TRL (2010) 

While the detailed assessment by PERS offers comprehensive criteria for practice, the extent of 

data collected may be too detailed for application in global south countries. This study simplified 

these criteria using sample pictures for application in the global south as summarised in Table 

8-31. Figure 8-4 shows an example of the pictures used to assist the surveyors to identify the 

hazards on the footway. Detailed information for the guideline is shown in the guide for data 

collection in Appendix J. 

 

Figure 8-4: Proposed simplified criteria using sample pictures for assessment of footway hazards (source: author) 

Depressed blocks Settlement Depression around utilities Tree roots upheaval

Missing blocks Unclosed utilities hatch Heaving utilities hatchLongitudinal trip
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Table 8-31: Recommended metrics for P2-2 Place user exposure to accident risk 

Indicator Metric Extent of measurement 

P2-2 Place user exposure to accident 

risk 

Movement hazards 

- on footway surface and tactile 

paving 

- at crossing 

All roads 

Source: author 

L2-3 Link safety infrastructure / P2-3 Place safety infrastructure 

There can be many contributing factors to safe road infrastructure, but, the risk of road accidents 

is generally increased in darkness (Wanvik, 2009). Road lighting is a low-budget solution that 

could help to reduce accidents after dark for all types of users (Beyer & Ker, 2009). A study by 

Wanvik (2009) showed that placing lighting on the road helped to reduce accidents by 50%. In 

addition, Wanvik (2009) also concluded that accident risk reduction effect from lighting provision 

was greater for more vulnerable road users such as bicycles, pedestrians and mopeds, who might 

be the larger user base in global south countries. Thus, providing adequate lighting could be a 

significant factor in improving road safety. 

The lighting standards such as BS 5489:2003 or CEN/TR 13201 have established various context-

sensitive metrics to measure the lighting adequacy for road safety such as minimum illuminance, 

luminance and maximum glare. In addition, the requirement of lighting to pedestrians consider 

the minimum horizontal illuminance that is adequate for facial recognition (Fujiyama, Childs, 

Boampong, & Tyler, 2019).  

The most comprehensive metric for lighting adequacy is provided by Healthy street (TfL, 2017). 

As shown in Table 8-32, the metric is easy to follow as it concerns the lighting provision according 

to the established standards such as British Standard and European standard. These established 

standards cover the requirement for different road context that are adaptable to Link & Place 

status and land-use types. 

Table 8-32: Healthy Street rating system for the street lighting adequacy 

Metric Score = 3 2 1 0 

Lighting Street lighting meets the 

British Standard 5489:2003 

and the European Standard 

CEN/TR 13201.  

and 

The lighting of off-

carriageway facilities for 

walking or cycling meets 

the same standards.  

Street lighting meets the 

British Standard 5489:2003 

and the European Standard 

CEN/TR 13201 but lighting 

of off-carriageway spaces 

for walking or cycling does 

not.  

Street lighting does not 

meet the British Standard 

5489:2003 and the 

European Standard CEN/TR 

13201. _ 

Source: Healthy Street (TfL, 2017). 
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These metrics could be applied for both Link & Place safety infrastructure indicators. To prevent 

double-counting, it is suggested that the measurement of performance metrics (i.e. illuminance, 

luminance, glare, horizontal illuminance) for Link indicator is measured at the carriageway and 

the metrics for Place indicator is measured at the roadside and footway areas.  

Table 8-33 summarises the recommended metrics for the Link & Place safety infrastructure. The 

British standards proposed in the table are for generic guidelines. The standards used to regulate 

the lighting requirement may need to be adjusted according to locally accepted standards. For 

the development of the lighting standard metric for the case study in Thailand, this study 

recommends the use of illuminance (see Appendix I for detailed consideration). 

Table 8-33: Recommended metrics for L2-3 and P2-3 Link & Place safety infrastructure 

Indicator Metrics Extent of measurement 

L2-3 Link safety infrastructure Street lighting provided according to 

established standards such as BS 

5489:2003 which may context-

sensitively include: illuminance, 

luminance, glare, or horizontal 

illuminance 

At the carriageway area only 

P2-3 Place safety infrastructure Street lighting provided according to 

established standards such as BS 

5489:2003 which may context-

sensitively include: illuminance, 

luminance, glare, or horizontal 

illuminance 

At the roadside and footway areas 

Source: author 

LP3 Link & Place Environment 

The environment indicator affects both Link & Place users, which cannot be separated. There are 

two main groups of indicators that contribute to a healthy environment. One is the noise level, 

and the other is air quality. The potential metrics indicate the level of exposure for Link & Place 

users to such pollution as indicated in Table 8-34. 

Table 8-34: List of metrics that are potentially useful as ‘Link & Place environment’ for Link & Place performance 
measurement 

Key indicator Indicator Potential metric 

LP3 Link & 

Place 

environment 

LP3-1 Noise quality - Per cent of the population exposed to highway noise exceeding established 

standards (or greater than X decibels) [30][34][36][37][38] 

LP3-2 Air pollution - Per cent of pop exposed to emission levels violating air quality standards [37] 

Source: author 
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LP3-1 Noise quality 

Road noise is one of the significant noise sources for people living near major roads. The cause of 

road traffic noise is a combination of rolling noise and propulsion noise. The cause of rolling noise 

is the interaction between tyre and road surface. It is considered that the rolling noise is a major 

cause when cars travel above 40 kph, or 70 kph for trucks (Blokland & Peeters, 2009). Below these 

speeds, propulsion noise comprising the engine, exhaust systems and transmission is considered 

the main source of noise. 

The European Noise Directive43 has set out two standard methods for noise measurement. The 

first is Lden, which is the overall annoyance measured at day, evening and night-time. The second 

is Lnight, which is the indicator for sleep disturbances measured at night-time. These metrics 

categorise the effects of noise on daily activities. Lden is the more preferred method as it is an 

aggregation of the 24-hour noise level that adds +5 dB at hours of 19:00-21:59 and adds +10 dB 

at the hours between 22:00-6:5944. This study proposed that the Lden should be used to indicate 

the overall annoyance from road traffic.   

The location of the noise receptor is an important factor to determine the noise level. Abbott & 

Nelson (2002) conducted field measurement and recommended that, in the case of free-flow 

setting, the distance from kerb at least 5 m should be measured. For the rural context, this study 

proposes to use the distance from kerb of at least 20 m. To reduce the reflection effects, it has 

been recommended that the receptor is placed at 1.2 – 1.5 m above the ground (EPA Victoria, 

1991). There are also other factors that could affect the noise levels such as the building height, 

type of façade, ground attenuation, and the presence of acoustic obstacles (EEA, 2014; European 

Communities, n.d.; Khan, Ketzel, Jensen, Kakosimos, & Sørensen, 2018).  

While noise data can be obtained from physical monitoring methods, they may not cover all road 

networks throughout the country. Alternatively, the road traffic noise model can be applied to 

estimate the exposure to neighbouring premises. Gulliver et al. (2015) developed an open-source 

GIS-based traffic noise model called TRANEX. The model is estimated based on the traffic flow, 

speed and percentage of heavy vehicles data. It has been successfully applied and compared with 

the noise measurements made in the British cities of Leicester and Norwich. In Thailand, the line-

source noise model called NMTHAI has been developed by the Pollution Control Department 

(PCD) to accurately predict the noise from vehicular traffic composition based on Thai vehicles. 

 
43 The European Noise Directive (END), Directive 2002/49/EC of the European Parliament and of the Council. 
44 See https://www.noisemeters.com/apps/ldn-calculator/ for the comprehensive Lden calculator and explanations 

https://www.noisemeters.com/apps/ldn-calculator/
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Therefore, this study proposes that the measurement of noise quality in the trial case study in 

Thailand use the developed line-source model. 

Appendix I explains the development of metrics and thresholds for the recommended noise level 

in a different context. The selected measurement metric was summarised in Table 8-35. 

Table 8-35: Recommended metric for LP3-1: noise quality 

Indicator Metrics Extent of measurement 

LP3-1 Noise quality Average day and night (Lden) 

roadside exposure to noise (dB) 

Measuring at Link I-III;  

Context-dependent measurement 

- Urban setting: Position of receptor at 

5 m from kerb 

- Rural setting: Position of receptor at 

20 m from kerb 

Source: author 

LP3-2 Air pollution 

There are various types of air pollution emitted from vehicles such as greenhouse gases, acidifiers, 

ozone and particulates. The selected method for indicating the effects of air pollution is similar 

to that used for noise. That involves measuring the number of people at the roadside affected. 

Based on this method of measurement, only the local pollutants measurable at the roadside are 

used to indicate the problem. These pollutants are acidifier and particulates. Research has 

identified three sources of primary air pollution contaminants relating to road traffic, which are 

PM10, PM2.5 and NO2/NOx (Khan et al., 2018). Air-quality exposure is measured in units of μg/m3. 

The duration of monitoring can be done on an annual average basis or shorter periods, such as 

daily or hourly basis45.  

The current monitoring of the roadside air pollution in Thailand has been limited to only the 

Bangkok area. The Pollution Control Department has 17 monitoring stations for air pollution in 

Bangkok. Seven of these are located at the roadside. Moreover, there are 76 temporary stations 

installed at the roadside: 21 of which are at the important roads, while the other 55 are placed 

on roads that have a high risk of pollution over acceptable limits. 

Since the monitoring stations do not have full coverage for all roads, the modelling can better 

represent the exposure to air pollution. Based on a systematic review (Khan et al., 2018), there 

are two widely used air pollution models: AirGIS/OSPM and KCLurban (see Jensen et al. (2017) 

and Beevers et al. (2013), respectively). These models can present the result at street resolution. 

The main attributes for these models are the road and traffic information (e.g. traffic volume, 

 
45 https://uk-air.defra.gov.uk/assets/documents/Air_Quality_Objectives_Update.pdf (accessed 14/05/2018) 

https://uk-air.defra.gov.uk/assets/documents/Air_Quality_Objectives_Update.pdf
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share of HGV composition, speed and number of road lanes), building attributes (e.g. building 

layouts, heights, and density) and meteorology (e.g. wind speed and wind direction).  

While recommended AirGIS/OSPM and KCLurban could provide accurate details of measurement 

for air pollution exposure, it is more suited for skilled modellers who are already familiar with the 

detailed dataset and measurement. For application in developing countries, simpler models could 

be used to reduce the complexity of data collection and modelling skill requirement. For 

application in a Thailand case study, a simpler line-source model called CALINE was recommended 

by Sarawut Thepanondh, a professor who specialises in air-quality modelling. Thepanondh also 

provided the fine-tuning data required to be the basis for modelling inputs such as vehicle 

emissions and atmospheric data. 

Appendix I explains the development of metrics and thresholds for recommended air pollutant 

levels in a different context. The selected measurement metrics are summarised in Table 8-36. 

Table 8-36: Recommended metric for LP3-2: air pollution 

Indicator Metrics Extent of measurement 

LP3-2 Air pollution Exposure to local air pollutants from 

vehicles (μg/m3) 

- PM10 

- PM2.5 

- NO2/NOx 

Measuring only at Link I-III 

Source: author 

8.1.2.4 Summary of selected metrics for Link & Place performance indicators 

This study summarises the selected metrics for the Link & Place performance indicators in Table 

8-37. These are ideal recommended metrics that are suitable for the themes of indicators 

proposed. The metrics may be adapted or simplified to fit the availability of data when applied to 

real-world conditions.  
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Table 8-37: Proposed metrics for Link & Place performance indicators 

Theme Key indicator Indicator Metric 

Movement L1 Link 

Movement 

L1-1 Link delays - Person-hours wasted in congestion 

L1-2 Link surface 

condition 

- International Roughness Index (IRI) 

- Present serviceability rating (PSR) 

L1-3 Link movement 

capacity 

- Carriageway lane width  

P1 Place 

Movement 

P1-1 Place delays - Opportunity to cross at midblock without known desire lines 

- Opportunity to cross at the desire lines—at midblock 

- Opportunity to cross at desire lines—at junction 

P1-2 Place surface 

condition 

- Footway surface quality (PERS) 

P1-3 Place movement 

capacity 

- Effective footway width  

Safety L2 Link Safety L2-1 Link accident 

risk  

 

- Accident rates to Link users per million vehicle kilometres 

(MVK) 

L2-2 Link user 

exposure to accident 

risk  

 

- 85th percentile speed 

L2-3 Link safety 

infrastructure  

 

- Street lighting at the carriageway provided according to 

established standards (such as BS 5489:2003) which may 

context-sensitively include: illuminance, luminance, glare, or 

horizontal illuminance 

P2 Place 

Safety 

P2-1 Place accident 

risk 

- Accident rates to Place users per million vehicle kilometres 

(MVK) 

P2-2 Place user 

exposure to accident 

- Selected PERS street audit metrics related to pedestrian 

movement hazards: tripping and falling hazards, obstacles, 

tactile information and colour contrast 

P2-3 Place safety 

infrastructure 

- Street lighting at the footway provided according to 

established standards (such as BS 5489:2003) which may 

context-sensitively include: illuminance, luminance, glare, or 

horizontal illuminance 

Environment LP3 Link & 

Place 

environment 

LP3-1 Noise quality - Per cent of the population exposed to roadway noise 

(measured using Lden aggregation in dBA) exceeding 

established standards  

LP3-2 Air pollution - Per cent of the population exposed to emission levels of 

PM10, PM2.5 and NO2/NOx (measured in μg/m3) violating air 

quality standards  

Source: author 

8.2 Performance measurement method 

8.2.1 Method to identify the performance rating 

It has been identified earlier in Chapter 5 that the indicators for non-national road scheme 

development in Thailand are lacking. The on-going data collection for the non-national roads is 

uncoordinated and fragmented. It would take a considerable effort to establish a performance 

monitoring regime to ensure the system's effectiveness. Notably, the difficulty of quantifying 

many of the items appeared under each performance metric. Therefore, at this initial stage, the 

method for performance measurement selected for application in Thailand is proposed to be 
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largely qualitative, using an ordinal scale. Then, in the future, it would be wise for the road 

authorities to consider measuring in a more detailed and quantitative approach.     

Various types of performance measurement methods have been discussed in Chapter 3. In this 

study, Red, Amber and Green (RAG) scale has been identified as the most appropriate as it is 

intuitive in nature and provides clarity to all concerned. Converting road performance into three 

tiers of RAG may indeed sacrifice some data in the process; however, it reduces errors in 

interpreting the results. Hence, this approach is appropriate in the countries with limited 

institutional capacity, such as Thailand, in carrying road performance measurement. 

There is a need to translate the values from the natural scales in which each indicator is measured 

to indicate which level of performance is acceptable or unacceptable under a standard scale of 

RAG. There are three acceptability ranges of performance, represented by red, amber and green 

colours, separated by two acceptability thresholds, as indicated in Figure 8-5. The lower threshold 

is the limit threshold (LT) and the higher threshold is the desirable threshold (DT). The DT 

indicates the ‘soft’ acceptability, which means that the performance level below this line is still 

acceptable, but not ideally desirable. The LT indicates the ‘hard’ acceptability point where the 

performance level below greatly disrupts the experience of road users. In other words, the LT 

indicates the performance level where the road segment no longer functions at its intended level 

of Link & Place.  

A rating above the DT indicates acceptable performance, which is shown as green. Ratings below 

the DT indicate a potential problem to a varying degree. Ratings that fall in between the DT and 

LT are shown as amber, which indicates concern, while ratings below the LT are shown as red, 

indicating greater urgency.  

 

Source: author 

Figure 8-5: Red, amber, green ratings (RAG) used to indicate the acceptability ranges of performance 
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8.2.2 Method to determine the acceptability thresholds 

8.2.2.1 Method to derive acceptability thresholds 

To measure performance, the acceptability thresholds need to be identified. Direct and indirect 

methods can be used to identify the acceptability. The direct method involves asking stakeholders 

to give their views on the acceptability levels for different performance indicators. The indirect 

method involves deriving the acceptability thresholds based on internationally and locally 

accepted levels of performance or policy targets. 

This study chose to set the acceptability thresholds based on the indirect method because some 

of the selected performance indicators have not been fully adopted. This means that the staff 

involved in road provision may not yet be aware of how much is expected in terms of acceptability 

for some indicators. However, the proposed levels of thresholds may need to be adjusted again 

a few years after initial implementation for practicality using the views from stakeholders. 

There are two methods for identifying thresholds. The first is a comparison with the existing 

performance, while the second is based on the policy targets or legal limits. Deriving the 

thresholds based on existing performance gives a realistic picture of the past situation and sets 

an achievable goal. However, it may create never-ending problems since the goals can be shifted 

every year with the same number flagging up. On the other hand, establishing the thresholds 

based on policy targets or legal limits will set a clear mandate for practitioners and funders. 

However, it can be more difficult to derive. On balance, both methods offer interpretations of the 

acceptability levels which could be applicable to various situations.  

This study proposes that both methods could be used to determine the acceptability thresholds 

based on different contexts. For the indicators that have been implemented and monitored in 

the long run, the comparative acceptability levels could be set based on previous years’ 

performance. For the new indicators, the acceptability thresholds could be derived from the 

policy targets set out by government or regional organisations.  

Setting the acceptability thresholds based on a policy target 

The basis for consideration of the DT based on the policy target is to determine the aspirational 

target that the performance should be achieved. In the case of global south countries, the 

standards set out by the developed world can serve as the main source of aspirational targets. 

Developing world standards and legal limits can be used as a source for determining the limit 

threshold (LT). A suitable document could be the policy agreement between countries within a 

regional cooperation organisation or the strategic targets envisioned by the government. 

Moreover, local legal limits on a certain indicator could also be used to set up the limit threshold.  
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Setting the acceptability thresholds based on existing performance levels 

For the performance-based targets, the DT can be the targets to achieve higher performance in 

the key problem area. If the performance has been considered satisfactory, maintaining the 

performance level could also be the DT. LT acceptability level can be the maintenance of the 

performance level that is considered acceptable from the historical data.  

The criteria for identification of the DT and LT are summarised in Table 8-38. 

Table 8-38: Criteria to identify the desirable threshold and minimum acceptable thresholds 

Threshold levels Criteria Example 

Desirable 

threshold (DT) 

The transition point where road 

performance is between its 

desirable and acceptable levels.  

- Standard levels of performance used in the 

developed world 

- Aiming for higher aspirational performance to 

alleviate the problem 

- Maintain satisfactory performance to sustain 

work efficiency 

Limit threshold 

(LT) 

The transition point between 

acceptable performance and 

performance that no longer 

functions as its designated Link 

and/or Place status.  

- Standard levels of performance used in the 

developing world 

- Legal limits enforced in the developing world 

- Maintain acceptable performance 

 

Source: author 

8.2.2.2 Method to apply the acceptability thresholds based on Link & Place context 

The acceptable thresholds may be dependent on the Link status, Place status and land use. In 

some cases, the dependency of Link & Place may come into play, which means the acceptable 

thresholds of individual PI may need to be modified. The type of acceptable thresholds can be 

generalised into three cases:  

(1) Independent to Link and Place (i.e., universal) 

(2) Dependent to Link or Place (and land use) 

(3) Interactive on both Link & place (and land use) 

Case 1: Universal acceptable thresholds 

The universal acceptable thresholds are applied to all Link & Place, regardless of their status. 

There can be two instances where universal acceptability thresholds are applied.  

The first instance is where the indicator is measured using a different metric but processed on 

the same scale. For example, the PERS rating system is a universal rating that sets different criteria 

for surface condition assessment depending on the type of surface. This makes the PERS rating 

of +3 on concrete pavement have a similar result as a rating of +3 on the flagged pavement, which 

means an equal level of acceptability for all types of roads, regardless of Link & Place status could 

be set. Thus, universal acceptability thresholds are applied. 
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The second instance is when zero-tolerance is expected, such as for indicators that involve safety. 

However, in practice, it may also depend on the expectations from the public whether the 

improved safety to certain types of Link or Place is achievable or justifiable. If so, the thresholds 

may be relaxed based on Link & Place statuses and land-use types, as stated in case 2 or case 3.  

Case 2: Link (or Place and land use) dependent thresholds 

Link (or Place) dependent thresholds are applied based on the Link (or Place) statuses. In the case 

of Place dependence, variable acceptability based on land-use type may be possible. For instance, 

a lower level of noise is required for higher Place status. However, in some types of high Place 

status such as a stadium, a higher level of noise than a general case is possible since the premises 

are more tolerable to noise. 

Case 3: Interactive Link & Place (and land use) dependent 

In this case, Link and Place have some interactions with the requirement of the acceptable 

performance requirement. The thresholds are determined individually for each cell of Link and 

Place matrix. For example, the footway may be required to be wider in higher Place status due to 

higher pedestrian activity. For safety reasons, wider footway may be needed in higher Link status 

as well. However, not all types of land use require a wide footway, such as national parks, which 

may limit the roadside modification for natural preservation.  

8.2.3 Degree of the problem identification method 

Suppose there are three road segments, S1, S2 and S3, with identical lengths, Link & Place status 

and land-use contexts—which indicate similar acceptable thresholds (DT and LT). Each has 

different performance rating for an indicator I1. Segment S1 has a performance rating above LT 

but below DT; Segment S2 has performance rating above DT; Segment S3 has the performance 

rating below LT (see Figure 8-6). 
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Source: author 

Figure 8-6: Three road segments with identical Link & Place and land-use context that have varying performance 
ratings 

The degree of the problem could be indicated by comparing the performance rating against the 

two thresholds with varying methods. Two different examples of the methods to indicate the 

problem are given. The first is by assigning the segment according to the RAG zone its 

performance lies and the second is by measuring the distance of current performance rating and 

the threshold point.  

8.2.3.1 Zone within which performance lies 

The first method is to indicate the RAG degree of the problem based on the current performance 

rating zone relative to DT and LT. The score for each segment can be red, amber or green only. 

As illustrated in Figure 8-7, there are three zones of RAG performance. Green zone situated above 

DT, amber zone falls in between DT and LT and red zone situated below LT. From the figure, the 

performance rating of Segment S1 situated in the amber zone indicates ‘amber’ degree of 

problem, while S2 and S3 fall within the ‘green’ and ‘red’ zones, respectively.   

 

Source: author 

Figure 8-7: Method for the degree of problem identification using current performance rating position within zones 
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8.2.3.2 Distance from the threshold point 

The second method is to calculate the degree of the problem from the gap of distance between 

current performance ratings with the threshold point. This method allows the calculation of the 

degree of the problem in each segment, as illustrated by the height of the red and amber bars in 

Figure 8-8. However, this method requires a further step in adjusting the indicators into a 

quantitative scale in order to be comparable between different indicators. 

 

Source: author 

Figure 8-8: Method for the degree of problem identification by measuring the gap between current ratings with the 
thresholds 

Since this study intends to examine the implications of the Link & Place performance 

measurement method, the more straightforward first method was proposed to be used for the 

trial case study. Besides, given the nature of incomplete performance data collected in global 

south countries, introducing the simpler method may create a sound basis for performance data 

usage. By successfully applying the simpler system, it will encourage the authorities in global 

south countries to value high-quality data collection, which will convince them to further upgrade 

the performance measurement system to a more complex and precise version.   

8.2.4 Method to represent the performance of each indicator  

Each indicator may involve many metrics to represent the symptom, which could complicate the 

decision to represent the overall rating of the indicator as it could involve loss of information and 

poorly justified performance. There can be two general methods for considering the performance 

that represents the overall symptom of an indicator.  

The first method is to select the aggregated result of the RAG performance for all metrics. This 

works on the metrics that are compensatory to each other. That means an increase in 

performance in one metric could compensate for the loss of performance in other metrics. 

However, the RAG scale indicates only the degree of attention but not the quantitative value 
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behind it, which means it does not have a compensatory characteristic. Therefore, this method is 

not suitable for representing the performance in RAG approach. 

The second method, which was selected as the representation of performance, uses the worst 

performance of the involved metric as a representative. This ensures that the worst-performing 

aspect is highlighted.  However, some information may be lost in the process; for example, the 

extent of ‘how many metrics within such indicator are performing in poorly’, and the criticality of 

the worst performance such as ‘does the worst-performing metric is a critical factor determining 

the performance of such indicator’. The most crucial loss of information is the second type, where 

it does not know whether the worst-performing metric is anything that determines the 

performance of the indicator or possibly overlooked something else affecting it. The performance 

that affects an indicator could be in the horizontal dimension from competing metrics under the 

indicator and the vertical dimension from the performance of preceding indicators.  

This study proposes the use of a hierarchical decision structure to check the worst performance 

that could affect each indicator vertically and horizontally. This involves checking whether there 

are other preceding factors that govern the outcome of such an indicator before checking the 

worst-performing metrics under such an indicator. For instance, it makes sense to consider the 

footway surface condition only if there is a footway provided; if there is no footway provided, 

however, and there is a requirement for a footway, the footway condition suffered as well. From 

the example, it was found that there were two types of indicators that worked in hierarchical 

order: infrastructure provision indicator and infrastructure condition indicator.  

Infrastructure provision indicator asks whether the infrastructure is provided at the adequate 

amount – it depends whether there is a requirement for the infrastructure. If the infrastructure 

is required and is provided, the thresholds of DT and LT are used to measure the adequacy of 

provision (Red/Amber/Green). If the provision does not meet LT, it can be because there is a 

provision of infrastructure and without provision of infrastructure. Both result in ‘Red’, but the 

one that does not have infrastructure provided will only end up in ‘Red’ when considering the 

condition, even though it does not have condition data. This is to signify the fact that the 

performance deficiency from lack of provision needs to be dealt with prior to achieving a poor 

condition. If the infrastructure is not required, this indicator is not relevant (N/A). 

The infrastructure condition indicator asks whether the infrastructure is of the right quality – it 

depends on whether the infrastructure is provided and the requirement of infrastructure is met. 

If the infrastructure is provided, whether it is required or not, the DT and LT are used to assess 

the quality of infrastructure condition. If the infrastructure is not provided but is required to (i.e. 
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provision indicator shows red), the condition also shows red. If the infrastructure is not provided 

and is not demanded (i.e. showing N/A in provision indicator), the condition shows N/A as well. 

The indicators that are in the lower level of hierarchy need to check the predeceasing level of 

performance. Figure 8-9 summarises the following check performing at each level of the 

hierarchical structure: 

1) Requirement level: is there any requirement for the infrastructure of the measurement 

for such an indicator? If the infrastructure has not been provided, which may indicate no 

result for the condition performance, the condition performance is inadequate as well.  

2) Provision level: what is the current state of provision? If the infrastructure is not provided 

in the right amount according to the requirement, even if the condition is good, the 

performance of the condition is considered inadequate.  

3) Condition level: what is the current state of the condition? This is the last performance 

check applied to some indicators that measure the condition of the infrastructure.  

 

Source: author 

Figure 8-9: Recommended hierarchical flow of decision for Link & Place performance measurement in each indicator 
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8.2.5 Practical application of the acceptability thresholds development  

The method for deriving the acceptability thresholds could be applied to the proposed 

performance measurement method. Consideration of the acceptability thresholds can be derived 

from the standard rule, wherein the level of performance (RAG) depends on the Link & Place-

based LT and DT. For some indicators, the rule can be hierarchical where the consideration of 

performance may depend on a preceding requirement and the provision of relevant 

infrastructure.  

Detailed consideration of the measurement method and acceptability thresholds for each 

indicator is discussed in Appendix I and summarised in Table 8-44. The example of the method to 

identify the hierarchical acceptability thresholds is shown in Box 8-1 for the opportunity to cross 

performance metric under P1-1: Place delays. 

Box 8-1: the development of acceptability thresholds for P1-1: Place delays 

The indicators for Place delays provide an opportunity to cross in different situations. There are three 

scenarios in which the crossing opportunity is considered: at an intersection (M7), at midblock where a major 

attractor is present (M8), and at midblock without the desire line (M9). The performance rating that 

represents P1-1 is the worst performing metric of the three scenarios. 
 

M7: Intersection crossing opportunity 

This metric measures the crossing opportunity at the intersection. It targets the segment of road offsetting 

50 m from an intersection as indicated as the red area in Figure 8-10. To reduce the number of cases for 

investigation, only important intersections are eligible. The eligibility of intersections to be investigated is 

limited to: (a) major intersections where Link I-III are crossing each other, and (b) important minor 

intersections where Link IV with the width over 7.0 m crossing Link I-III and the crossroads between Link I-III 

with Link IV-V that has major attractor situated within a close walking distance (i.e. 250 m) from the 

intersection. The major attractor is the destination that creates a strong desire line, such as a public transport 

station, shopping mall, hospital, school, market, temple, or other places where a high volume of people tends 

to gather. 

 
Source: author 

Figure 8-10: The red area indicates the focused segment for an intersection crossing opportunity 

 

There are two important indicators that ensure the crossing at the intersection has an opportunity to cross. 

The first is the number of intersection legs with crossing opportunity (M7a), while the second is the distance 

50 m
50 m
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Box 8-1: the development of acceptability thresholds for P1-1: Place delays 

away from crossing at each leg (M7b). To create an opportunity to cross at the intersection, both metrics 

M7a and M7b must pass the requirement as follows. 
 

M7a: number of intersection legs with crossing opportunity 

The first sub-metric for crossing opportunity at intersection investigates the completeness of crossings at 

intersection. A complete intersection crossing has to allow pedestrians to cross to all sides of the road. This 

metric counts the number of road legs that has the opportunity for crossing. If all legs have the opportunity 

to cross (e.g. physical crossing is presence, or the width is narrower than 7.0 m), that intersection is 

considered completed with the RAG rating ‘Green’. However, missing a leg of crossing opportunity will still 

allow pedestrians to cross from all sides but with great difficulty. Thus, an intersection with one missing leg 

of opportunity to cross is considered ‘Amber’ rating. The intersection that has more than one missing legs 

of opportunity to cross is considered incomplete and marked ‘Red’. Figure 8-11 illustrates the three cases 

for generic four-way intersection crossing completeness. 

 

 
Source: author 

Figure 8-11: Three scenarios of completeness for crossing at an intersection, blue solid arrows indicate directions of crossing that 

are possible to cross while blue dashed arrows indicate directions of crossings that are not possible to cross 
 

M7b: distance away from crossing at an intersection 

The second sub-metric considers the convenience of crossing at an intersection. The intersection crossing 

is most effective if the crossing is placed at the desire line, which is situated along the footway. This means 

that the most convenience crossing at an intersection has 0 m offset away from the corner where footway 

ends. This metric measures the furthest distance of crossing facilities away from intersection among all 

crossing facilities. ‘Green’ rating is given if the distance of crossing away from the intersection of the furthest 

crossing facility is not greater than 10 m. If the distance of furthest crossing facility away from the 

intersection is greater than 10 m but within 50 m, give ‘Amber’ rating. Otherwise, give ‘Red’ rating. Figure 

8-12 illustrates the three scenarios to determine the convenience of crossing at the intersection. 
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Source: author 

Figure 8-12: Three scenarios to determine convenience for crossing away from an intersection 

 

Acceptability thresholds 

Since the development of performance metric has already been done based on RAG ratings, the metric can 

be used as is. This means that the DT is set universally at the green rating and the LT is set universally at 

amber rating. 
 

M8: Distance of crossing facilities away from the entrance of major attractor 

This metric measures the crossing opportunity at the front of major attractor where strong pedestrian desire 

line is present. It targets the segment of road within 50 m away from the entrance of a major attractor. As 

described above, the major attractor is the place of a high volume of pedestrian movement such as school, 

hospital, public transport station and shopping mall. As illustrated in Figure 8-13, the red area represents the 

100 m segment of road that situated within the vicinity of a major attractor. 
 

 
Source: author 

Figure 8-13: The red area indicates the segment of the road under consideration for M8: distance away from crossing facilities at 

the entrance of major attractor 
 

The metric measures the distance of crossing facilities away from the entrance of major attractor. The 

crossing is considered to have good crossing opportunity (i.e. ‘Green’ rating) if there is a crossing facility 

within 25 m of the entrance. If the crossing facility is situated far away from the entrance at a greater distance 

than 25 m but not greater than 50 m, this road segment has an adequate crossing opportunity and (i.e. rated 

‘Amber’). There is an exception that still making adequate crossing opportunity if the road segment is 

narrower than 7.0 m and contributes to a low volume of traffic (i.e. Link IV-V). Otherwise, the road segment 

is considered to have an inadequate crossing opportunity (i.e. ‘Red’ rating).  
 

To illustrate the decision making of metric M8, a flowchart detailing the assessment steps and the resulting 

performance ratings was produced, as shown in Figure 8-14. Note that “N/A” indicates that the segment is 

not situated within 50 m of a major attractor in order to bypass the result when combining RAG ratings with 

other indicators. 
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Source: author 

Figure 8-14: Flowchart revealing steps in decision making for assessing the crossing opportunity at the entrance of major 

attractor 

Acceptability thresholds 

Again, this metric develops the RAG ratings that could be universally applied to all roads within the context 

considered. The acceptability thresholds of DT and LT are then set at ‘Green’ and ‘Amber’ ratings, 

respectively. 
 

 

M9: Distance away from the nearest crossing facility 

The last metric indicates the crossing opportunity at the location where there is no particular desire line 

observed. This is according to Link & Place and land use status of the road segment under consideration. 

This is called the crossing opportunity at midblock. This metric is applied to all Link I-III and Link IV with a 

road width of 7.0 m or wider. 
 

The segmentation of the road for determining crossing opportunity at midblock is based on the Link & Place 

status and land use type. The higher Place status is generally more attractive to the pedestrian activity which 

generates greater demand for crossing.  
 

Measurement method  

To measure the opportunity to cross at midblock, the requirement based on the segment status needs to be 

matched with the distance away from crossing facility. Hence, the band of crossing distance away from the 

crossing facility is created by adjusting the recommended bands from Austroads as indicated in Table 8-39. 
 

Table 8-39: Bands of distance away from crossing facilities at midblock 

Name of band Range of distance away from crossing facility 

Band A 0-50 m 

Band B 51-100 m 

Band C 101-200 m 

Band D 201-400 m 

Band E 401-800 m 

Source: adjusted using the recommended distance by Austroads (2015) 
 

The measurement is done by creating the bands of distance away from each crossing facility (e.g. zebra 

crossing) into band A-E to create a segment of roads. If the bands are overlapped, the lower distance band 

is used. To measure the midblock crossing opportunity performance rating, the requirement of the furthest 
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Box 8-1: the development of acceptability thresholds for P1-1: Place delays 

distance away from crossing facility by each Link & Place segment is compared with the bands. Sections of 

the RAG rating are disaggregated based on any different colour rating created, as illustrated in Figure 8-15.  
 

 
Source: author 

 

Figure 8-15: The required acceptability thresholds for the furthest distance away from crossing (top) compared with the bands of 

distance away from nearest crossing facility (middle) to create the RAG performance rating of crossing opportunity at midblock 

(bottom) 

Acceptability thresholds 

The determination of the acceptable distance away from crossing facility is based on the level of pedestrian 

activities generated by different Place status and type of land uses. The higher Place status is generally 

created higher activity and has more demand for crossing. Some types of land uses are generated more 

pedestrian activities than the other such as transport land use. On the other hand, the frequency of crossing 

may need to be reduced on higher Link status to accommodate the requirement for vehicular traffic 

movement.  
 

Link and Place dependent acceptable thresholds are proposed for the opportunity to cross. The main 

consideration for the crossing opportunity is to look at the demand for crossing. This is based on the width 

of the footway. For place A and B, the crossing opportunity should be at the highest frequency. The desirable 

requirement for the distance away from crossing (DT) is therefore at least 50 m. The minimum requirement 

(LT) should be, at the furthest, 100 m away. However, the frequent crossing at the road segment with high 

Link status may slow down the Link movement function than its acceptable level. Therefore, the crossing 

distance was reduced on Link I and II to the DT of 100 m and the LT of 200 m. 
 

For Place C, the walking demand is lower than Place A and B. The requirement for crossing is less frequent. 

The DT should be at least 100 m and LT at 200 m for general cases. For the segments of Place C on Link I 

and II, the movement function becomes more important than the Place function, which means the crossing 

opportunity needs to be reduced by one level from the general case. Thus, the DT for the crossing frequency 

on the segments of II-C and III-C is at 200 m and LT at 400 m. 
 

Place D has a minimum requirement for walking and needs less frequent crossing opportunities than Place 

C by 1 level. The DT for the distance away from crossing should be at 200 m and the LT at 400 m. At the 

segment that has high Link movement demand on Link I-III, the frequency for crossing is reduced to the DT 

of 400 m and LT of 800 m. Place E, in general, do not require crossing since there is no demand for the 

footway—this does not include residential areas.  
 

The requirement for crossing opportunity may be different by land-use type. In the case of conservation land 

use, the crossing opportunity may be reduced to protect the natural environment. The generic thresholds 

can be applied except for Place A which is for the national parks and forests, where the crossing may not 

need to be provided. For the production land use, the road is mainly used for freight vehicles thus requirement 

for walking is lowered than other land use. The thresholds for the production land use in each Link & Place 

status is dropped down from the generic case by 1 level. For residential land use, the crossing is needed to 
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DT 50 m
LT 100 m
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Box 8-1: the development of acceptability thresholds for P1-1: Place delays 

be provided in the urban area because there is a need for walking. The thresholds for the crossing frequency 

should be the same as the generic case for Place D. For Place E, the walking is for access to the housing. 

Thus, a basic level of the provision at the threshold of 800 m for both DT and LT is recommended. As there 

is lower demand for walking in the rural area at Place E, there is no requirement for the provision of crossing 

opportunity. The resulting DT and LT thresholds for different contexts are shown in Table 8-40. 

Table 8-40: Acceptability thresholds for the distance away from crossing facility at midblock  

 
Source: author; N/C = no classification of Place status on that type of land use; N/A = no requirement for a crossing facility 

 

Conservation Link I Link II Link III Link IV Link V

Place A N/A

N/A

Place B
DT: 100 m

LT: 200 m

Place C
DT: 200 m

LT: 400 m

Place D
DT: 400 m

LT: 800 m

DT: 200 m

LT: 400 m

Place E N/C

Production Link I Link II Link III Link IV Link V

Place A N/C
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LT: 100 m

N/APlace C
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Place E N/A

Residential Link I Link II Link III Link IV Link V

Place A

N/CPlace B
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N/A

Place E
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LT: 400 m
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Other

Link I Link II Link III Link IV Link V
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N/A

Place B
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Place D
DT: 200 m

LT: 400 m

DT: 100 m

LT: 200 m

Place E N/C
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8.3 Prioritisation method 

8.3.1 Factors related to prioritisation 

The selected performance measurement method with Link & Place framework produced many 

possibilities for the prioritisation models. The following factors could impact the priority for 

attention. 

8.3.1.1 Summation method 

RAG result could be interpreted as the priority of result, such that red is more urgent than amber. 

According to this rationale, this study proposes two methods for the degree of problem 

summation under consideration. The first method is the hierarchical priority of the problem and 

the second method is aggregated summation.  

The hierarchical priority method gives priority to the red degree of the problem before amber 

(RA). This method sums up the degree of problem in red, amber and green in three different bins. 

The one that has a higher degree of problem in red bins get higher priority. Amber degree of 

problem is used as a tiebreaker when the number of reds is equal.  

The second method aggregates the RAG performance using weighted summation (WS). This 

method aggregates the RAG ratings with varying weights. The higher weighted sum score is 

prioritised for attention. Unlike red then amber priority model, there is no natural weight given 

to the red and amber. Arbitrarily set the weights between red and amber could drastically change 

the result of the priority—for instance, the ratio of red vs. amber weighting could be 1.5, 2, or 3. 

Thus, further consideration of weighting is needed to determine the relative importance of red 

vs. amber.  

The priority results of both methods need to be compared using a sensitivity analysis with real 

data to decide the preferable option. The criteria for the sensitivity analysis will include 

effectiveness in tiebreaker reduction. To reduce the number of tie, length of the segment may be 

further introduced to both methods as a determinant of a tiebreaker. 

8.3.1.2 Link & Place status weighting 

Weights could be given to different levels of Link & Place status to indicate the relative 

importance of the road segment. For instance, Link I may have the weight five times of Link V 

which means the problem that occurs on Link I is getting five times attention priority to Link V 

and vice versa for Place status. 

Giving weighting based on Link & Place status may introduce complications in valuing the impact 

of the indicators. This is because the acceptability thresholds are set differently based on different 
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Link & Place and land-use context. This means setting a tougher threshold to a higher status of 

Link & Place will make higher Link & Place status segment become easier to get priority for 

attention. If introducing Link & Place status weighting, it would multiply the amount of impact to 

the segment that already easy to get priority. Additionally, this study designed the selective 

inclusion of performance indicators based on different Link & Place status. Including Link & Place 

status weighting would further aggravate the impact.  

Since more careful consideration is needed to test the impact of the Link & Place status weighting 

to the priority and a system of measurement in which higher Link & Place status gets higher 

priority has been created, this study decided not to differentiate Link & Place status weightings. 

All Link & Place status will have equal weight when calculating the overall priority for attention.  

8.3.1.3 Indicator weighting  

a. Indicator weighting models 

Weighting could be introduced between different indicators to create relative importance to the 

overall impact. There are two primary methods for weighting: structure-based and judgement-

based.  

For the structure-based approach, the consideration of weights is based on the structure of the 

model alone. Each theme may have a different number of indicators that represent the overall 

theme impact. The structure-based approach tries to balance out the impact equally to a different 

level of structure. This study proposes two models: equal indicator weight (EI) and equal thematic 

weight (ET). EI method focuses on the equality of weighting among all indicators in consideration. 

This is beneficial to the carefully balanced model of the indicator set. However, the theme that 

has a greater number of indicators would be beneficial for higher impact and create a biased 

result if there is an imbalance in the number of indicators within each theme. To correct bias from 

the unbalanced indicator model, equal thematic weights (ET), which aim to balance the impact 

equally in each theme, could be applied instead. 

For a judgement-based approach, the views from different stakeholders or experts may need to 

be discussed. Various techniques could be used to derive the weights such as AHP or value 

swinging method. Three approaches could be used to create the weighting model. The first is to 

derive the weights from bottom-up, called ‘bottom-up professional weights (BUP)’. BUP asks the 

professional stakeholders for the relative impact between indicators without considering the 

thematic impacts. Similar to an equal indicator weighting model, unbalanced setup of the 

indicators within each theme may make some themes give greater attention than the other. The 

second method is the ‘top-down professional weights (TDP)’ where the stakeholders are asked 
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for the preference or relative impacts among different themes towards the overall performance. 

While TDP may give better representation to the relative impacts among themes, stakeholders 

may find it difficult to make sense of the objective of each theme. The clarity in the terms used 

for different themes should be well communicated to the stakeholders who give judgement. To 

fix the ambiguity from using top-down professional weights method, the last method which is 

‘equal thematic weight with professional indicator sub-weights (ETP)’ is proposed. ETP uses the 

top-down judgement techniques to communicate thoroughly the relative importance between 

different indicators while also distribute the importance among theme equally. Detailed 

consideration for the different methods to derive weighting and the strengths and weaknesses is 

shown below in Table 8-41. 

Table 8-41: Proposed indicator weighting models 

Model 

formulations 

Type of 

models 

Description Strengths Weaknesses 

Structure-

based 

  

EI: Equal 

indicator 

weights   

EI model gives equal weight to 

every single indicator. This is 

the basic model for the 

consideration of different ways 

of summing up the problem. 

These models do not 

have to inherit 

judgmental biased 

because the weights 

are distributed evenly 

according to the 

structure of the 

performance 

indicators and 

themes. 

Imbalanced: when there 

are themes that have a 

different number of 

indicators, this model 

does not take the 

imbalance into account. 

Thus, the overall result is 

biased to the theme that 

has a greater number of 

indicators 

ET: Equal 

thematic 

weights 

All themes get equal weight with 

the weighting distributed evenly 

to the indicators under each 

theme 

All indicators must have 

equal importance 

Judgement-

based 

  

BUP: Bottom-

up 

professional 

weights 

BUP focus on the importance of 

weightings among individual 

indicators.   

These models take 

into account the 

viewpoints of 

different stakeholders 

which at the end may 

reflect the actual 

experience of 

performance levels 

Judgmental bias could 

make the resulting 

weighting inapplicable to 

every situation  

TDP: Top-

down 

professional 

weights 

TDP focus on the relative 

importance of each theme then 

distributes the weight equally to 

indicators under each theme.   

ETP: Equal 

thematic 

weights with 

professional 

indicator sub-

weights 

ETP gives equal theme weights 

but redistributes the individual 

indicator sub-weights within 

each theme based on 

professional judgment.  

Source: author 
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b. Assessment of indicator weighting method suitable for the application with selected indicators 

Recalling the setup of the indicators from Table 8-7 (reproduced here in Table 8-42), it was found 

that structurally, there are three themes, 5 key indicators and 14 indicators. Except for the 

environment theme, the setup of indicators has been laid out in a well-balanced basis between 

Link & Place key indicator with three types of indicator under each.  

Table 8-42: Key indicators for three core performance indicator themes 

Theme Key indicator Indicator 

Overall symptom User experience Adequacy of provision 

Movement L1 Link 

movement 

L1-1 Link delays L1-2 Link surface 

condition 

L1-3 Link movement 

capacity 

P1 Place 

movement 

P1-1 Place delays P1-2 Place surface 

condition 

P1-3 Place movement 

capacity 

Safety  L2 Link safety L2-1 Link accident 

risk 

L2-2 Link user exposure 

to accident risk 

L2-3 Link safety 

infrastructure 

P2 Place safety P2-2 Place accident 

risk 

P2-2 Place user 

exposure to accident risk 

P2-3 Place safety 

infrastructure 

Environment LP3 Link & 

Place 

environment 

LP3-1 Link & Place 

noise pollution 

LP3-2 Link & Place 

air pollution 

N/A 

Source: author 

If using a structure-based approach, the EI model would be biased for the movement and safety 

themes while ET model would dissolve the importance of indicators within the movement and 

safety themes. However, with a closer look at the structure of the selected indicators, it was found 

that the environment theme does not have the indicators that measure two aspects of concern 

in user experience and adequacy of provision. Moreover, the number of indicators for LP3 that 

indicate overall symptom is equal to the number of indicators for Link and Place combined of 

each of the other themes. This means that the setup of indicators has been balanced out already 

but with missing indicators on two aspects. Therefore, it is more appropriate to use the EI method 

for the indicator weighting to indicate overall symptom. 

Although judgment-based weighting could be beneficial to specific practical application, the 

caveat is that professional judgement may need to be applied if the stakeholders are already 

familiar with the indicators. Introducing an unfamiliar new set of indicators may introduce 

discriminatory treatment, either by getting higher preference or getting ignored. Since this study 

involves creating the broader set of road performance indicators for the application in global 

south countries, the professional stakeholders may not be aware of the implication to the existing 

system and cannot decide the best weightings. Therefore, this study proposes to use structure-

based weighting model. Once the performance measurement has been applied, and the impacts 

are realised, professional weights could be given for adjusting the relative importance. 
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On balance, for the application in the trial case study in the global south countries, it is proposed 

that equal indicator weight (EI) is used initially. Once the performance measurement is applied 

consistently, the adjustment for the relative importance using professional weights could be done.  

8.3.1.4 Indicator disaggregation 

The grouping of indicators could produce different priority for attention. According to the 

performance indicators structure, three different ways of disaggregating the priority for attention 

can be done. 

The first is the prioritisation using the overall score (OS). This method shows the priority ranking 

of the combined degree of the problem for all indicators. The performance from all indicators is 

aggregated into one score, which is useful to indicate the overall symptom of the problem for 

general attention. The application of the priorities found from this method lies in general funding 

allocation with no preference for a particular type of scheme or policy.   

The second method is to prioritise the problem based on the thematic score (TS). It aggregates 

the indicator score into each theme. This method shows the degree of problem ranking in a 

particular theme (e.g. Link movement) or group of themes (e.g. Link themes: movement, safety, 

and environment). The priorities found from this method can be applied to create a scheme 

targeted for a particular area of interest and allocate funding towards the needs. 

The last method is to use each specific indicator score (IS). Individual indicator score indicates the 

degree of problem in a particular indicator under focus. This is useful for detailed investigation of 

specific performance on the road and monitoring the funding allocation performance that targets 

a specific problem. 

These three indicator disaggregation methods could be quickly done by rearranging the 

indicators' performance score in three different groupings. The trial case study priority can be 

illustrated using all the methods described above. 

8.3.1.5 Spatial disaggregation 

There can be various ways of combining performance ratings of road sections to aid the decision 

for prioritisation. Spatial disaggregation of the result in various contexts may be useful for 

different levels of the road authority. There are three levels of spatial disaggregation considered: 

segment level (SL), corridor level (CL), and area-wide level (AL) 

Segment level could be used to identify small schemes such as maintenance and small 

enhancement, useful for local office (e.g. sub-district LGOs, DRR and DOH branches). The corridor 

level could develop medium to large schemes such as rehabilitation, upgrade and new build, 
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useful for regional and central office (e.g. PAOs, regional and central DRR and DOH). The area-

wide level could produce an integrated scheme that overlaps many authorities' responsibilities, 

such as cordon pricing and accessibility planning. It is useful for central offices and policymakers 

(e.g. PAOs, central DRR and DOH, national policymakers such as OTP, MOT and NESDC). 

According to the Link & Place segmentation framework, the scope of analysis was established at 

the segment level, the finest spatial disaggregation level. The results for different spatial levels 

could be established with further consideration of the definition of corridor and area (size of the 

boundary, road length, the composition of Link levels). However, such consideration is not the 

focus of this study, which requires additional analytical contribution. Thus, this study scopes the 

analysis only at the segment level (SL). 

8.3.2 Proposed method for prioritisation 

According to the factors related to the prioritisation considered above, this study summarises the 

parameters that could be decided and those that need further adjustment. A summary of the 

options and decision to apply such options is shown in Table 8-43. These parameters will be used 

in Chapter 9 to test the sensitivity of prioritisation results in the case study area. 

Table 8-43: Selection of parameters on different factors that involve prioritisation 

Factors affecting 

prioritisation 

Options Selected option 

Summation 

method 

- WS: Weighted summation 

- RA: Red then amber priority 

Segment length could also be used as a 

tiebreaker 

Cannot be decided: need to validate for sensitivity 

to the result 

Link & Place status 

weighting 

Weighting of road segment based on Link & 

Place status 

- Link & Place status-based weighting 

- Equal weighting 

Equal weighting: giving different weighting could 

cause multiply effect the importance because the 

RAG performance rating has been considered 

based on thresholds based on Link & Place and 

land-use contexts 

Indicator weighting 

model 

- EI: Equal indicator weights 

- ET: Equal thematic weights 

- BUP: Bottom-up professional weights 

- TDP: Top-down professional weights 

- ETP: Equal thematic weights with 

professional indicator sub-weights 

EI: Equal indicator weights were chosen because 

the performance indicator structure is balanced 

Indicator 

disaggregation 

- OS: Overall score 

- TS: Thematic score 

- IS: Individual indicator score 

All options could be illustrated in the trial case 

study 

Spatial 

disaggregation 

- SL: Segment level 

- CL: Corridor level 

- AL: Area-wide level 

SL: only segment level has been considered as 

part of Link & Place segmentation. Other spatial 

disaggregation needs to be further considered for 

the definition of scope 

Source: author 
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8.3.2.1 Proposed implementation steps for performance measurement and prioritisation  

The measurement of performance and prioritisation requires the processing of information in 

each road segment into priority for attention. The combination of performance data may 

disaggregate the result into smaller sections before summing up to a total degree of problem. 

There are four steps to apply the performance measurement system for problem identification 

and prioritisation. The detailed process for each step is explained as follows. 

Step 1 – Breakdown of sections of performance metric in a road segment: the performance of 

different metrics may have different spatial units due to varying physical dimensions used in the 

metric measurement. In this study, segment level aggregation is used, which means the 

performance information is stored in road segment basis. However, such stored information may 

need to be further disaggregated into smaller spatial units, called ‘sections’. As shown in Figure 

8-16, the road in focus is at segment SG3.4 on road R3. Within focused segment SG3.4, the 

performance for a metric M6, a combination of survey data 1, 2 and 3, was assessed. However, 

the sections used for recording the data collected might not be the same due to differences in 

the physical sections (e.g. the number of lanes, the width of the footway). Each disaggregated 

performance metric may subdivide a road segment into different smaller sections. The resulting 

sections of performance in a particular metric are shown using the code SC (e.g. SC3.1, SC3.2, …). 

  

Source: author 

Figure 8-16: Each metric may be presented in smaller sections because it is derived from different data which do not 
have identical segmentation as a road segment and each other 

Step 2 – Calculate the degree of problem per indicator: the degree of problem is identified using 

the simplified RAG performance measurement, which is defined as the existing performance 

rating in relation to the acceptability thresholds. Figure 8-17 shows that the positions of 

S3.1 S3.2
Sections created from 

survey data 1

SC3.1 SC3.2 SC3.3 SC3.4

Resulting disaggregated 
sections of unique 

performance metric M6

Road under consideration (e.g. R3)

Segment in focus (e.g. SG3.4)

S3.2S3.1
Sections created from 

survey data 2

S3.1 S3.2 S3.3
Sections created from 

survey data 3

Combining the 
dataset from survey 
forms to create 
unique sections of 
data for performance 
measurement

Naming convention
▪ S[R].[#] = section of route [R] with 

unique value from certain type of 
collected data

▪ SG[R].[#] = segment of route [R] with 
unique Link & Place and land use 
type

▪ SC[R].[#] = section of route [R] with 
unique value of a performance 
metric

▪ SPM[R].[#] = section of route [R] with 
RAG value of a performance metric

▪ SPI[R].[#] = section of route [R] with 
combined RAG value of 
single/multiple performance 
metric(s) in a particular indicator

▪ SPC[R].[#] = section of route [R] with 
RAG value of a particular indicator, 
merged into unique sections

▪ SP[R].[#] = section of route [R] with 
unique RAG value of a performance 
indicator
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performance metric sections and thresholds sections may be different due to the different 

information presented in each road section, as pointed out in Step 1. Thus, the resulting RAG 

performance needs to be disaggregated accordingly. The resulting section RAG performance in 

each metric is coded SPM (e.g. SPM3.1, SPM3.2, …). Each indicator may involve a single or 

multiple metrics. The results of RAG performance from relevant metrics are combined and coded 

as SPI. Subsequently, the adjacent sections that have the same RAG results are merged and then 

coded as SPC sections.  

   

Source: author 

Figure 8-17: RAG performance indicator for each section is the result of the disaggregated segmentation between 
performance metric and acceptability thresholds sections 

Step 3 – Combine multiple RAG performance ratings from different indicators: when combining 

multiple indicators on a road segment, the position of SPC sections may be different. Thus, the 

resulting combined performance may need to be disaggregated, as before. The weighted 

summation using selected indicator weighting such as Equal indicator weights (EI), Equal thematic 

weights (ET), is applied. For simplicity, equal indicator weighting (EI) was used for the illustration 

in Figure 8-18. If the resulting nearby sections have the same summed score, they were merged 

and coded as SP sections.  
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▪ SP[R].[#] = section of route [R] with 
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Source: author 

Figure 8-18: Combined RAG performance from multiple indicators in a road segment which also needed to be 
disaggregated if there are differences in segmentation 

Step 4 – Identify the ranking of priority for attention: the combined indicator score indicates the 

degree of problem that needs attention. As discussed above, there are many ways to combine 

the score, such as aggregation of the red and amber scores by giving double weight to reds 

(Weighted Summation: WS) or according to the number of red while using amber as a tiebreaker 

(Red then Amber priority: RA). The higher score gets higher priority for funding but may have 

different results based on a different combination method, as illustrated in Figure 8-19. Further 

sensitivity analysis is needed to find a better method for prioritisation. 

 

Source: author 

Figure 8-19: Priority for attention can be identified from many combination methods such as weighted summation and 
red then amber priority with different resulting priority for attention at each section 

SPC3.2

0 0 1 01 2 1 0

1 0 2 30 0 1 2

G R A

G R A

A G R A

Count of Red

Count of Amber

Degree of problem for 
indicator 1

Degree of problem for 
indicator 2

Degree of problem for 
indicator 3

Combined
Degree of problem

S
P

3.
1

S
P

3.
4

S
P

3.
5

S
P

3.
6

S
P

3.
7

S
P

3.
8

S
P

3.
3

S
P

3.
2

SPC3.1 SPC3.2 SPC3.3

SPC3.1 SPC3.2 SPC3.3

SPC3.1 SPC3.3 SPC3.4

Naming convention
▪ S[R].[#] = section of route [R] with 

unique value from certain type of 
collected data

▪ SG[R].[#] = segment of route [R] with 
unique Link & Place and land use 
type

▪ SC[R].[#] = section of route [R] with 
unique value of a performance 
metric

▪ SPM[R].[#] = section of route [R] with 
RAG value of a performance metric

▪ SPI[R].[#] = section of route [R] with 
combined RAG value of 
single/multiple performance 
metric(s) in a particular indicator

▪ SPC[R].[#] = section of route [R] with 
RAG value of a particular indicator, 
merged into unique sections

▪ SP[R].[#] = section of route [R] with 
unique RAG value of a performance 
indicator

0 0 1 01 2 1 0

1 0 2 30 0 1 2

Count of Red

Count of Amber

Total 
Degree of problem

1 0 4 32 4 3 2
Weighted sum

(2 x red + 1 x amber) 

Priority of weighted 
summation (WS)

7 - 1 35 1 3 5

7 - 2 54 1 3 6
Priority of reds 

then ambers (RA)

S
P

3.
1

S
P

3.
4

S
P

3.
5

S
P

3.
6

S
P

3.
7

S
P

3.
8

S
P

3.
3

S
P

3.
2 Naming convention

▪ S[R].[#] = section of route [R] with unique 

value from certain type of collected data

▪ SG[R].[#] = segment of route [R] with unique 

Link & Place and land use type

▪ SC[R].[#] = section of route [R] with unique 

value of a performance metric

▪ SPM[R].[#] = section of route [R] with RAG 

value of a performance metric

▪ SPI[R].[#] = section of route [R] with 

combined RAG value of single/multiple 

performance metric(s) in a particular 

indicator

▪ SPC[R].[#] = section of route [R] with RAG 

value of a particular indicator, merged into 

unique sections

▪ SP[R].[#] = section of route [R] with unique 

RAG value of a performance indicator

or



Chapter 8: Development of methodology for performance measurement and prioritisation 

300 

From the above details, it is possible to summarise the performance measurement and 

prioritisation process, as shown in Figure 8-20.  

 

Source: author 

Figure 8-20: Overall process for problem identification and prioritisation for attention 

8.4 Recommended implementation process 

Following the development of performance measurement method, this section wraps up the core 

process for the implementation. Then, the process for further implementation in the next chapter 

is outlined. 

8.4.1 Recommended performance measurement method 

This chapter explored the method for performance measurement. It started by selecting the 

performance indicators and setting the problem identification methodology using a more 

qualitative red, amber, and green (RAG) scale. Then, the prioritisation for attention process was 

recommended for combining the problems in various scopes. 
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The primary output from this chapter was the method for problem identification of each 

performance indicator. This method can be practically adopted using performance data collected 

on the field. Following the detailed development of the performance measurement method in 

this chapter, a summary table showing was created, as shown in Table 8-44. The recommended 

method for performance measurement took advantage of the Link & Place statuses by selectively 

applying the metrics and acceptability thresholds according to the context of road uses. This 

contextual problem identification will allow the road to be judged based on their expected roles, 

improving the road's operational effectiveness towards its users.  
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Table 8-44: Details for the selected metric and the method to identify the RAG degree of problem  

Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

Movement L1-1 Link 
delays 

RAG 
performance 
of M1 

M1: Person-hour wasted in congestion 
- Person = vehicle occupancy rate * traffic composition 
- Hours congested = time spent in congestion (Link 
dependent (LI-III) speed below 95th percentile in peak period) 
 
Thresholds for speed below 95th percentile are Link dependent 
- LI = 0.80 * 95 pct;  
- LII = 0.70 * 95 pct;  
- LIII = 0.60 * 95 pct  

Link I-III Universal for selected Link levels (I-III) 
DT = PHWC time at 80th percentile of 
segments that have greater than zero 
PHWC 
LT = PHWC time at 60th percentile of 
segments that have greater than zero 
PHWC 

Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  

L1-2 Link 
surface 
condition 

RAG 
Performance 
of M3 

M3: Carriageway surface roughness 
- PSR-Style criteria based on the worst-performing 
Roughness, Potholes and Cracks and Settlements 
- The rating showed as Good/Rough/Fail 
  

Link I-V Universal for all roads 
DT = Good performance 
LT = Rough performance 

L1-3 Link 
movement 
capacity 

RAG 
performance 
of M2 

M2: Carriageway lane width 
- Measure the average lane width = (Total carriageway width-
parking lane width) / number of moving lanes 

Link I-V Link & Place & land use dependent 
DT = desirable lane width for vehicle 
movement 
LT = minimum acceptable lane width for 
vehicle movement 
  

P1-1 Place 
delays 

Worst RAG 
performance 
of M7, M8, M9 

M7: Intersection crossing opportunity 
Measuring at a section buffering 50 m from the intersection. 
 
Requirement:  
Following are considered as an intersection that requires 
crossing: 
- Intersection of Link I-III 
- Intersection between Link I-III and Link IV that is at least 7.0 
m wide 
- Intersection between Link I-III and Link IV-V that has major 
attractor within 250 m 
 
M7 consists of M7a and M7b 

Link I-IV Link dependent (Link I-III or Link IV-V 
within the major attractor distance) 
 
See details in M7a and M7b 

The worst RAG performance of M7a and 
M7b represent M7 
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

M7a: Number intersection legs with crossing 
opportunity 
The road leg at the intersection has a crossing 
opportunity if either: 
- Crossing facility present (e.g. zebra, signalised, 
elevated, tunnel) 
- Road width is less than 7.0 m 

Link I-IV DT: n legs have crossing 
opportunity 
LT: n-1 legs have crossing 
opportunity 
(n = number of road legs at 
intersection) 

Standard rule: RAG is illustrated 
from the zone within which 
performance lies according to LT 
and DT thresholds  

M7b: Distance away from crossing at the intersection 
- Measuring at the intersection leg that has a crossing 
opportunity 
- Measuring the distance away from the end of each 
road leg at the intersection 

Link I-IV DT: all crossings locations that 
have the opportunity are possible to 
cross within 10 m 
LT: all crossings locations that have 
the opportunity are possible to 
cross within 50 m 

M8: Distance of crossing facilities away from the entrance of 
major attractor 
- at a section buffering 50 m from the front of a major 
attractor 
 
Major attractors are destinations that create strong desire 
line such as: 
public transport station, shopping mall, hospital, school, 
market, temple, or other places where a high volume of 
people is gathered. 

Link I-IV Context-dependent: width of the 
carriageway 
For roads with width at least 7.0 m 
DT: distance of crossing facility away 
from entrance 25 m 
LT: distance of crossing facility away 
from entrance 50 m 
 
For roads with a width less than 7.0 m 
DT: distance of crossing facility away 
from entrance 25 m 
LT: no crossing facility needed (always 
at least Amber) 

Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  

M9: Distance away from nearest crossing facility 
(the continuity of band dependent to the crossing 
opportunity at intersection) 
 
- Bands of distance away from crossing (0-50m, 51-100m, 
101-200m, 201-400m, 401-800m) 
- Measure at Link I-III; Link IV with width at least 7.0 m 

Link I-IV Link & Place & land use dependent 
DT = desirable distance away from 
crossing 
LT = distance away from crossing that 
does not exceed an acceptable level 



Chapter 8: Development of methodology for performance measurement and prioritisation 

304 

Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

P1-2 Place 
surface 
condition 

Worst RAG 
performance 
of M11 and 
M12 

M11: Footway surface roughness 
- PSR-Style criteria based on the type of footway surface 
- Rating showed as Good/Rough/Fail 

Link I-V Universal for all roads 
DT = Good performance 
LT = Rough performance 

Hierarchical rule: check the requirement, 
provision and condition  
 
Step 1: check requirement for footway 
- N/A = no requirement 
- Red = No footway and M10 is red 
- Go to step 2 = otherwise 
 
Step 2: assessment 
- Red = Metric M11 below LT 
- Amber = Metric M11 below DT but 
greater than or equal LT 
 -Green = Metric M11 greater than or 
equal DT 

M12: Crossing surface condition 
- PSR-style criteria for surface condition of crossing (C1) and 
waiting area (C2), each criterion can have a score of 0 or 1 
with a total score up to 2 at each crossing 
 
 
 
 
 
 
 
 
There are two cases of crossing surface assessment with 
mutually exclusive segmentation:  
- Surface condition at intersection crossing (multiple 
crossings) 
- Surface condition at the midblock crossing (1-2 crossings)  

Link I-V Universal for all roads 
DT = All crossings that have crossing 
opportunity score 2 
LT = All crossings that have crossing 
opportunity score 1 or higher 

Hierarchical rule: check the requirement, 
provision and condition  
 
Step 1: check requirement for crossing 
- N/A = no requirement 
- Red = M7a is red 
- Go to step 2 = otherwise 
 
Step 2: assessment 
- Red = Metric M12 does not pass LT or 
DT 
- Amber = Metric M12 passes LT but not 
DT 
 -Green = Metric M12 passes DT 

Score C1: Crossing 
surface

C2: Waiting area

1 Good crossing 
surface

Both sides of waiting 
surface scored good

0 Poor crossing 
surface

Either side of waiting 
surface scored poor
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

P1-3 Place 
movement 
capacity 

RAG 
performance 
of M10 

M10: Overall width of the footway 
- Measure of the overall width of the footway for either side; 
select the smallest section as a representative of M10 

Link I-V Link & Place & land use dependent 
DT = desirable width of footway for 
pedestrian movement 
LT = minimum acceptable width of 
footway for pedestrian movement 

Hierarchical rule: check the requirement, 
provision and condition  
 
Step 1: check requirement for footway 
- N/A = no requirement 
- Go to step 2 = otherwise 
 
Step 2: assessment 
- Red = Metric M10 below LT 
- Amber = Metric M10 below DT but 
greater than or equal LT 
 -Green = Metric M10 greater than or 
equal DT 
  

Safety L2-1 Link 
accident risk  

RAG 
performance 
of M6 

M6: Number of accidents to the vehicles per 1,000 MVK over 

the past three years 

  

Link I-V Link dependent  
Link I-II use the targets from DOH 
Link III-V use the targets from DRR 
 
DT: past best average number of 
accidents per MVK among roads with 
similar Link status (e.g. best average of 
Link I being the DT of Link I) 
LT: average number of accidents per 
MVK over the past three years among 
roads with similar Link status 
  

Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  

L2-2 Link user 
exposure to 
accident risk  

RAG 
performance 
of M5 

M5: 85th percentile speed 
- Measuring the non-peak 85th percentile speed of each 
segment  

Link I-V Link & Place & land use dependent 
DT = operational speed that does not 
exceed the desirable limit 
LT = operational speed that does not 
exceed the acceptable limit  

L2-3 Link 
safety 
infrastructure  

RAG 
performance 
of M4 

M4: Average illuminance on the carriageway (Lux) Link I-V Link & Place & land use dependent 
DT = desirable average level of 
illuminance at carriageway 
LT = minimum acceptable level of 
illuminance at carriageway 

Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

P2-1 Place 
accident risk 

RAG 
performance 
of M16 

M16: Number of pedestrian accidents per 1,000 MVK over 

the past three years 

  

Link I-V Link dependent  
Link I-II use the targets from DOH 
Link III-V use the targets from DRR 
 
DT: past best average number of 
accidents per MVK among roads with 
similar Link status (e.g. best average of 
Link I being the DT of Link I) 
LT: average number of accidents per 
MVK over the past three years among 
roads with similar Link status 

P2-2 Place 
user exposure 
to accident 

Worst RAG 
performance 
of M14 and 
M15 

M14: Movement hazard on the footway 
There are two types of hazards: 
- M14a Hazards on footway surface 
- M14b Hazards on tactile paving 
 
RAG Performance of M14 is the worst RAG performance of 
M14a and M14b 

Link I-V See details in M14a and M14b Worst performing RAG performance of 
M14a and M14b is selected as RAG 
performance of M14 
 
Binary result: the assessment of this 
indicator shows binary results (i.e. red 
or green) 

M14a: Hazards on footway surface 
Identify the presence of critical hazards on the footway 
(e.g. tripping, falling) 

Link I-V Universal for all roads  
DT at the non-hazardous level 
LT at the hazardous level 

If footway is provided: 
- Red = Metric M14a equal LT 
- Green = Metric M14a equal DT 
 
If footway is not provided: 
- N/A = No requirement for DT/LT 
of M10 footway width 
- Red = otherwise 

M14b: Hazards on tactile paving 
Identify the presence of critical tactile navigation 
hazards on the footway (e.g. wrong information, leads to 
obstruction) 

Link I-V Universal for all roads 
DT at the non-hazardous level or 
tactile paving is not provided 
LT at the hazardous level 

- Red = M14b equal LT 
- Green = M14b equal DT 
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

M15: Movement hazard at the crossing 
There are two positions of crossings: at the intersection and 
at midblock 
Two sub-metrics are used to measure M15 
- M15a movement hazards at the intersection crossing 
- M15b movement hazards at the midblock crossing 

Link I-V See details in M15a and M15b Worst performing RAG performance of 
M15a and M15b is selected as RAG 
performance of M15 
 
Binary result: the assessment of this 
indicator shows binary results (i.e. red 
or green) 

M15a: Movement hazards at an intersection crossing 
-Measuring at a section buffering 50 m from the 
intersection. 
 
The following are considered intersections that require 
crossings: 
- Intersection of Link I-III 
- Intersection between Link I-III and Link IV that is at 
least 7.0 m wide 
- Intersection between Link I-III and Link IV-V that has a 
major attractor within 250 m 
 
Assessment 
- Hazards on crossing if the crossing opportunity at the 
intersection is inadequate (Check M7a) 
- Hazards on ramping (e.g. inadequate ramp provision, 
too steep gradient) 
- Hazards on the tactile paving (e.g. wrong information, 
missing tactile pavement at the crossing) 

Link I-V Universal for all roads 
DT and LT for hazards on ramping 
and tactile paving 
DT if all intersection legs are at the 
non-hazardous level 
LT if any intersection leg is at the 
hazardous level 

Hierarchical rule: check the requirement, 
provision and condition  
 

Step 1: Check requirement for 
crossing at the intersection 
- N/A = no requirement 
- Go to step 2 = otherwise 
 
Step 2: Check availability of 
crossing opportunity 
- Red = M7a is Red  
- Go to step 3 = otherwise 
 
Step 3: assessment 
- Red = M15a equal LT 
- Green = M15a equal DT 
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

M15b: Movement hazards at the midblock crossing 
Measurement at the bands of distance away from 
crossing 
 
Assessment 
- Hazards on crossing if crossing opportunity at 
midblock are inadequate (Check M9) 
- Hazards on ramping (e.g. inadequate ramp provision, 
too steep gradient) 
- Hazards on the tactile paving (e.g. wrong information, 
missing tactile pavement at the crossing) 

Link I-V Universal for all roads 
DT at the non-hazardous level 
LT at the hazardous level 

Hierarchical rule: check the requirement, 
provision and condition  

 
Step 1: check requirement for 
crossing at midblock 
- N/A = no requirement 
- Go to step 2 = otherwise 
 
Step 2: Check availability of 
crossing opportunity 
- R = M9 is Red  
- Go to step 3 = otherwise 
 
Step 3: assessment 
- Red = M15b equal LT 
- Green = M15b equal DT 

P2-3 Place 
safety 
infrastructure 

RAG 
performance 
of M13 

M13: Average illuminance on the footway (Lux) Link I-V Link & Place & land use dependent 
DT = desirable average level of 
illuminance at footway 
LT = minimum acceptable level of 
illuminance at footway 

Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  

Environment LP3-1 Noise 
quality 

RAG 
performance 
of M17 

M17: Average day and night (Lden) roadside exposure to 
noise (dB) 
Context-dependent measurement 
- Urban setting: Position of the receptor at 5 m from the kerb 
- Rural setting: Position of the receptor at 20 m from the kerb 

Link I-III Place & land use dependent 
DT = noise level that does not exceed 
the desirable level 
LT = noise level that does not exceed 
the minimum acceptable level 
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Theme Indicator 
RAG rule of 

Indicator (L, P 
or LP) 

Metric 
Extent of 

measureme
nt 

Thresholds DT/LT RAG rule of Metric (M) 

LP3-2 Air 
pollution 

RAG 
performance 
of M18 

M18: Exposure to local air pollutants from vehicles (μg/m3) 
 
There are three types of local air pollutants from vehicles 
under investigation: 
- M18a exposure to PM10 
- M18b exposure to PM2.5 
- M18c exposure to NO2 
 
RAG performance of M18 is the worst RAG performance of 
M18a, M18b and M18c 
 
The receptor is set at the curb in the middle of the road 
section at a height of 1.6m 

Link I-III Place & land use dependent 
DT = air pollution level that does not 
exceed the desirable level 
LT = air pollution level that does not 
exceed the minimum acceptable level 

Worst performing RAG performance of 
M18a, M18b and M18c represent M18 
 
Standard rule: RAG is illustrated from 
the zone within which performance lies 
according to LT and DT thresholds  

M18a: exposure to PM10 (μg/m3) Link I-III 

M18b: exposure to PM 2.5 (μg/m3) Link I-III 

M18c: exposure to NO2 (μg/m3) Link I-III 
Source: Author
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8.4.2 Process for implementing data collection and performance measurement 

The implementation process of performance measurement can be summarised in three main 

stages: 1) field data collection and data processing, 2) performance measurement, and 3) analysis 

of performance and prioritisation, as summarised in Figure 8-21. 

  

Source: author 

Figure 8-21: Summary of three main stages for the implementation of data collection and performance measurement 
system 

The first stage involves the field data collection. This process has not yet been introduced in this 

chapter because it is more about practical application. The process starts by gathering data from 

both secondary and primary sources. The data collected is then transferred into the database. 

The relevant information from the database is used for the measurement of performance.  

The second stage is to identify the current levels of performance in red, amber, and green (RAG) 

against the acceptability thresholds according to the requirements of different Link & Place and 

land-use contexts. This chapter has produced the detailed problem identification method that is 

ready to be implemented in the next chapter. 

The third stage involves conducting an analysis of overall performance for prioritisation. The goal 

of prioritisation needs to be established such as for funding at the national level or at the local 

level, which means that different combinations of performance indicators, administrative 

arrangement and spatial disaggregation should be investigated. Various rules of aggregation and 

weightings could be used to test the sensitivity of prioritisation against the desired outcome. 

This chapter has developed the principles for performance measurement and prioritisation using 

the Link & Place framework. The next chapter takes these principles into action for use in the case 

study area in Thailand to assess their potential efficacy. 

Stage 1: Field data collection and data processing

• Data is gathered from both primary and secondary sources
• Data is transferred into computer database
• Convert data into performance metrics

Stage 2: Performance measurement

• Breakdown sections of performance metric in road segment
• Compare the existing performance metrics with acceptability thresholds
• Calculate RAG degree of problem per indicator

• Combine multiple RAG performance ratings from different indicators
• Different rules may be created to prioritise the problem for attention
• Identify the rankings of priority for attention

Stage 3: Analysis of performance and prioritization
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Chapter 9 Case study application of performance measurement and prioritisation 
Case study application of performance measurement 

and prioritisation  

 

This chapter applies the method developed in Chapter 8 using the data collected from the case 

study areas. The process of data collection and data processing are reported, before describing 

the result of performance measurement and prioritisation for the attention of the roads within 

the case study area.  

9.1 Field data collection and data processing 

9.1.1 Case study selection  

9.1.1.1. Initial site selection 

The two areas used for Place classification in Chapter 6 were selected for the analysis of road 

performance. These are the roads in the Phe area in the East and Chiang Mai in the North of 

Thailand. Since the roads in both areas covered a large distance (about 90 km for each area), this 

study had to focus down and selected routes 1-12 for the study. These routes offer diverse 

perspectives for the research as they contained variations in Place statuses and land uses, and 

being managed by different road authorities (see Figure 9-1 and Figure 9-2).  
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Source: Author 

Figure 9-1: Selected routes for performance analysis in Phe area 

 

Source: Author 

Figure 9-2: Selected routes for performance analysis in Chiang Mai 
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After the candidate routes were selected, the feasibility of data availability was analysed. 

However, the analysis found problems in getting the data from both areas due to different 

reasons. One area experienced a staff shortage for data collection, while the other area had a 

problem due to the loss of the contact person. The author was also told that the chief engineer, 

who was the primary contact, had retired and could not to get further cooperation. This created 

a setback for this study. 

9.1.1.2. Locating a new case study area 

Due to unexpected changes in the circumstances, the centre of Rayong was identified as an 

alternative area. The author had successfully negotiated with officials for their help. Three 

different authorities manage the roads in this area: Rayong Provincial Office of DOH, DRR and 

Rayong MPO. Since this area is the city centre, the main types of land uses are business and civic. 

Four main routes comprising Routes 13-16 and one business area, were selected, as shown in 

Figure 9-3.  

 

Source: Author 

Figure 9-3: Analysis of the roads selected for data collection in Rayong city centre (source: author) 

DRR and DOH were willing to cooperate in collecting the data. There are two DRR roads (13 and 

14) in the Amphur Muaeng Rayong area that passes through many interesting places. Route 13 

is Link IV with a length of 3 km; while route 14 is Link III with a length of 4 km. DOH-owned Route 

15 forms the main backbone for the roads in Amphur Mueang Rayong. Route 15 is Link I. Another 
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backbone road is Route 16, which is owned by the local authority (Rayong MPO). For the 

completeness of Link status, a set of Link IV and V in the central business area, owned by the local 

authorities, were also picked. 

9.1.1.3. Segmentation of Link & Place statuses on the case study 

Since this area had never been classified for Place status before, this study had to redo the 

classification before proceeding to the data collection. The resulting reclassification of the roads 

within the Rayong MPO area is shown in Figure 9-4. There were some mismatches from the pre-

classified place status with the actual place status because some segments were comparatively 

smaller than neighbouring segments and were merged together.  

 

Source: Author 

Figure 9-4: Classification of Place status in Rayong city centre (source: author) 

9.1.2 Data collection 

9.1.2.1. Data collection forms development 

From the data required to compute the performance metrics identified earlier in Table 8-44, 

there were kinds of data that could be collected using secondary sources and data that needed a 

new primary collection. The data required for those analyses are compiled, as shown in Table 9-1. 

Route 16

(Link II / MPO)

Route 14

(Link III / DRR)

Route 17-21 by 
Rayong MPO

SG15.1

SG15.2

SG15.3

SG15.4

SG15.5 SG15.6

SG13.1

SG13.2
SG13.3

SG13.4 SG13.5
SG13.6

SG13.7

SG14.1
SG14.2

SG14.3

SG16.1 SG16.2 SG16.3
SG16.4 SG16.5

SG16.7SG16.6
SG16.8



Chapter 9: Case study application of performance measurement and prioritisation 

315 

Table 9-1: Data required to compute recommended Link & Place performance 

Theme Indicator Metric 

Required data that can 

be retrieved from a 

secondary source 

Required data that needs additional 

primary collection 

Movement L1-1 Link 

delays 

M1: Person-

hour wasted in 

congestion 

- Speed data (From ITIC 

vehicle probes) 

- Traffic count (From 

DOH and DRR database) 

- Vehicle composition 

(From DOH and DRR 

database) 

 

 

L1-2 Link 

surface 

condition 

M3: 

Carriageway 

surface 

roughness 

 - Type of surface (Form 1) 

- Surface conditions (Form 1) 

L1-3 Link 

movement 

capacity 

M2: 

Carriageway 

lane width 

 - Number of lanes (Form 1) 

- Total carriageway width (Form 1)  

- Median width (Form 1) 

P1-1 Place 

delays 

M7: 

Intersection 

crossing 

opportunity 

 - Total carriageway width (Form 1) 

- Position of crossing (Form 3) 

- Locations of crossing at an 

intersection (Form 3) 

- Type of crossing (Form 3) 

- Distance from the start of the 

segment (Form 3) 

M8: Distance 

of crossing 

facilities away 

from the 

entrance of 

major attractor  

- Important points of 

interest (GIS shapefiles 

of public transport 

station, shopping mall, 

hospital, school, market, 

temple, or other places 

where a high volume of 

people is gathered) 

- Total carriageway width (Form 1) 

- Position of crossing (Form 3) 

- Type of crossing (Form 3) 

- Distance from the start of the 

segment (Form 3) 

M9: Distance 

away from 

nearest 

crossing 

facility 

 - Total carriageway width (Form 1) 

- Position of crossing (Form 3) 

- Type of crossing (Form 3) 

- Distance from the start of the 

segment (Form 3) 

P1-2 Place 

surface 

condition 

M11: Footway 

surface 

roughness  

 - Presence of footway (Form 2) 

- Type of footway surface (Form 2) 

- Footway surface condition (Form 2) 

M12: Crossing 

surface 

condition 

  

 - Total carriageway width (Form 1) 

- Position of crossing (Form 3) 

- Locations of crossing at an 

intersection (Form 3) 

- Type of crossing (Form 3) 

- Distance from the start of the 

segment (Form 3) 

- Locations of poor surface along the 

crossing (Form 3) 

- Locations of poor surface at the 

waiting area (Form 3) 
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Theme Indicator Metric 

Required data that can 

be retrieved from a 

secondary source 

Required data that needs additional 

primary collection 

P1-3 Place 

movement 

capacity 

M10: Overall 

width of the 

footway  

 - Presence of footway (Form 2) 

- Overall width of footway (Form 2) 

 

Safety L2-1 Link 

accident risk  

M6: Number of 

accidents to 

the vehicles 

per 1000 MVK 

over the past 

three years 

- Accident locations in 

the past three years 

(MOT database, Klang 

Insurance database) 

- Traffic volume (DOH 

database, DRR database, 

modelled traffic volume) 

 

L2-2 Link user 

exposure to 

accident risk  

M5: 85th 

percentile 

speed 

- Speed data (ITIC probe 

vehicles) 

 

L2-3 Link 

safety 

infrastructure  

M4: Average 

illuminance on 

the 

carriageway 

(Lux) 

- DIALux model for 

illuminance 

- Total carriageway width (Form 1)  

- Median width (Form 1) 

- Pole arrangement (Form 4) 

- Pole type (Form 4) 

- Pole interval (Form 4) 

- Pole offset (Form 4) 

- Type of luminaire (Form 4) 

- Type of bulb (Form 4) 

- Luminaire power (Form 4) 

- Luminaire height (Form 4) 

P2-1 Place 

accident risk 

M16: Number 

of pedestrian 

accidents per 

1000 MVK 

over the past 

three years 

- Accident locations in 

the past three years 

(N/A) 

- Traffic volume (DOH 

database, DRR database, 

modelled traffic volume) 

 

P2-2 Place 

user exposure 

to accident 

M14: 

Movement 

hazard on the 

footway  

 - Presence of footway (Form 2) 

- Type of footway surface (Form 2) 

- Presence of trip/fall hazard (Form 2) 

- Presence of tactile paving (Form 2) 

- Presence of tactile paving hazard 

(Form 2) 

M15: 

Movement 

hazard at 

crossing 

 - Total carriageway width (Form 1) 

- Position of crossing (Form 3) 

- Locations of crossing at an 

intersection (Form 3) 

- Type of crossing (Form 3) 

- Distance from the start of the 

segment (Form 3) 

- Locations of dropped kerb/ramping 

present (Form 3) 

- Locations of dropped kerb/ramping 

hazard (Form 3) 

- Locations of waiting area tactile 

paving present (Form 3) 

- Locations of waiting area tactile 

paving hazards (Form 3) 
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Theme Indicator Metric 

Required data that can 

be retrieved from a 

secondary source 

Required data that needs additional 

primary collection 

P2-3 Place 

safety 

infrastructure 

M13: Average 

illuminance on 

the footway 

(Lux) 

- DIALux model for 

illuminance 

- Total carriageway width (Form 1)  

- Median width (Form 1) 

- Footway width (Form 2) 

- Pole arrangement (Form 4) 

- Pole type (Form 4) 

- Pole interval (Form 4) 

- Pole offset (Form 4) 

- Type of luminaire (Form 4) 

- Type of bulb (Form 4) 

- Luminaire power (Form 4) 

- Luminaire height (Form 4) 

Environment LP3-1 Noise 

quality 

M17: Lden of 

roadside 

exposure to 

noise (dB) 

- NMTHAI model 

- Speed data (ITIC probe 

vehicles) 

- Traffic volume (DOH & 

DRR database) 

- Traffic composition 

(DOH & DRR database) 

- Total carriageway width (Form 1) 

- Number of lanes (Form 1) 

- Median width (Form 1) 

- Presence of footway (Form 2) 

- Footway width (Form 2) 

LP3-2 Air 

pollution 

M18: Exposure 

to local air 

pollutants 

from vehicles 

(μg/m3) 

- CALINE Model for PM 

and NO2/NOx 

- Vehicle emission data 

(Dr. Thepanondh) 

- Speed data (ITIC probe 

vehicles) 

- Traffic volume (DOH & 

DRR database) 

- Traffic composition 

(DOH & DRR database) 

- Total carriageway width (Form 1) 

- Number of lanes (Form 1) 

- Median width (Form 1) 

- Presence of footway (Form 2) 

- Footway width (Form 2) 

Source: Author 

Form development principle 

From Table 9-1, it was found that there were four types of physical data that needed to be 

collected in separate forms: Form 1 carriageway data, Form 2 footway data, Form 3 crossing data 

and Form 4 lighting data. It was also revealed that each indicator could use the data from multiple 

forms and data may be applied to more than one indicator. To make use of the data according to 

the proposed disaggregated combination method, such data should be segmented according to 

changes in the physical arrangement. This requires the forms to be flexible for sub-segmentation. 

Moreover, the forms should specify the starting and ending locations of the road that reflect the 

Link & Place and land use to represent the road segment that has similar acceptability thresholds. 

Additionally, the forms should be able to be easily used by practitioners from many technical 

backgrounds.  

Results of form development 

A prototype forms were developed and tested them with postgraduate students at UCL from 

different backgrounds. Feedback was collected from the participants and used to adjust the 
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forms, as discussed in Appendix K. The results from the trial raise and awareness that the forms 

had to be produced with clear instructions. It is more convenient to produce paper-based forms 

as the surveyors can carry them, mark them and make corrections in the field. Hence, three data 

collection materials, including (i) paper forms, (ii) guidebook, and (iii) computer database, are 

recommended. Data collection forms and guidebooks were generated in English and later 

translated into the Thai language to be handed over to local surveyors. 

Paper forms are designed to help surveyors collect data quickly. Each form collects data from a 

segment of unique in Link & Place status and land use type. As illustrated in Figure 9-5, the form 

has four components containing different types of data. The first component contains the data 

used to identify the road segment. This is followed by brief instructions for data collection in the 

second component. The third component is the main part that contains the map of the road 

segment under consideration and the required field for data collection. The data collection in 

each segment can be divided into five sections depending on physical changes. At the bottom of 

each form, the form identification is indicated, which can be used to trace back to the road 

segment created. Details for all four data collection forms are shown in Appendix J. 

 
Source: Author 

Figure 9-5: Three main components of a data collection form 

A guidebook is established to accompany the surveyors to use the forms. It gives instructions 

concerning the form filling process and the criteria for assessment of the physical conditions. 

Figure 9-6 shows several sections of the guidebook that specify how the form is to be filled and 

First component 

 
 
 
 
 

 
Second component 

Third component 

Third component (continued) 
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provides comprehensive pictures that can aid the surveyor’s decisions. Details of the guidebook 

can be seen in Appendix J. 

 
Source: Author 

Figure 9-6: Examples of the information provided in the guidebook for data collection 

A database of data collection forms was created using Microsoft Excel. The structure of 

information coding is shown in Table 9-2. Each field from the paper form consists of a four-digit 

number indicating the information in each form. The database was equipped with VBA scripted 

forms46 to assist with information transfer from the paper forms to the computer, as shown in 

Figure 9-7. 

 
46 Developed with assistance from a fellow PhD student, Akkapon Wongkoblap 
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Table 9-2: Coding of the database and form inputs 

 

Source: Author 

CODE Form 1 CODE Form 2 CODE Form 3 CODE Form 4

1001 Date 2001 Date 3001 Date 4001 Date

1002 Road Name 2002 Road Name 3002 Road Name 4002 Road Name

1003 Owner 2003 Owner 3003 Owner 4003 Owner

1004 Segment 2004 Segment 3004 Segment 4004 Segment

1005 Road number 2005 Road number 3005 Road number 4005 Road number

1006 Surveyor 2006 Surveyor 3006 Surveyor 4006 Surveyor

1007 Number of sections 2007 Number of sections 3007 Number of crossings 4007 Number of sections

1107 Length of section 1 2107 Length of section 1 3008 Number of crossings at midblock 4107 Length of section 1

1207 Length of section 2 2207 Length of section 2 3009 Number of crossings at intersection 4207 Length of section 2

1307 Length of section 3 2307 Length of section 3 3013 Remarks (Front side) 4307 Length of section 3

1407 Length of section 4 2407 Length of section 4 3014 Remarks (Back side) 4407 Length of section 4

1507 Length of section 5 2507 Length of section 5 3115 Position of crossing (Crossing 1) 4507 Length of section 5

1008 Remarks (Front side) 2008 Remarks (Front side) 3116 Locations of crossing at intersection (Crossing 1) 4008 Remarks (Front side)

1009 Remarks (Back side) 2009 Remarks (Back side) 3117 Locations of levelled crossing (Crossing 1) 4009 Remarks (Back side)

1110 Number of lanes (Side A/Section 1) 2010 Side of footway (A or B) 3118 Locations of signalised crossing (Crossing 1) 4110 Pole arrangement (Section 1)

1111 Number of lanes (Side B/Section 1) 2111 Presence of footway (Section 1) 3119 Locations of elevated crossing (Crossing 1) 4111 Pole type (Section 1)

1112 Presence of special lanes (Section 1) 2112 Overall width of footway (Section 1) 3120 Locations of tunneled crossing (Crossing 1) 4112 Pole interval (Section 1)

1113 Bike lane width (Side A/Section 1) 2113 Effective width of footway (Section 1) 3121 Locations of tunneled crossing (Crossing 1) 4113 Pole offset (Section 1)

1114 Bike lane width (Side B/Section 1) 2114 Type of footway surface (Section 1) 3122 Locations of poor surface along the crossing (Crossing 1) 4114 Type of luminaire (Section 1)

1115 Bus lane width (Side A/Section 1) 2115 Other type of footway surface (Section 1) 3123 Locations of poor surface at the waiting area (Crossing 1) 4115 Type of bulb (Section 1)

1116 Bus lane width (Side B/Section 1) 2116 Footway surface condition (Section 1) 3124 Locations of dropped kerb/ramping present (Crossing 1) 4116 Luminaire power (Section 1)

1117 Truck lane width (Side A/Section 1) 2117 Presence of trip/fall hazard (Section 1) 3125 Locations of dropped kerb/ramping hazard (Crossing 1) 4117 Luminaire height (Section 1)

1118 Truck lane width (Side B/Section 1) 2118 Presence of tactile paving (Section 1) 3126 Locations of waiting area tactile paving present (Crossing 1) 4210 Pole arrangement (Section 2)

1119 Total carriageway width (Side A/Section 1) 2119 Presence of tactile paving hazard (Section 1) 3127 Locations of waiting area tactile paving hazards (Crossing 1) 4211 Pole type (Section 2)

1120 Total carriageway width (Side B/Section 1) 2211 Presence of footway (Section 2) 3215 Position of crossing (Crossing 2) 4212 Pole interval (Section 2)

1121 Presence of median (Section 1) 2212 Overall width of footway (Section 2) 3216 Locations of crossing at intersection (Crossing 2) 4213 Pole offset (Section 2)

1122 Median width (Section 1) 2213 Effective width of footway (Section 2) 3217 Locations of levelled crossing (Crossing 2) 4214 Type of luminaire (Section 2)

1123 Type of surface (Section 1) 2214 Type of footway surface (Section 2) 3218 Locations of signalised crossing (Crossing 2) 4215 Type of bulb (Section 2)

1124 Other type of surface (Section 1) 2215 Other type of footway surface (Section 2) 3219 Locations of elevated crossing (Crossing 2) 4216 Luminaire power (Section 2)

1125 Surface condition (Side A/Section 1) 2216 Footway surface condition (Section 2) 3220 Locations of tunneled crossing (Crossing 2) 4217 Luminaire height (Section 2)

1126 Surface condition (Side B/Section 1) 2217 Presence of trip/fall hazard (Section 2) 3221 Locations of tunneled crossing (Crossing 2) 4310 Pole arrangement (Section 3)

1210 Number of lanes (Side A/Section 2) 2218 Presence of tactile paving (Section 2) 3222 Locations of poor surface along the crossing (Crossing 2) 4311 Pole type (Section 3)

1211 Number of lanes (Side B/Section 2) 2219 Presence of tactile paving hazard (Section 2) 3223 Locations of poor surface at the waiting area (Crossing 2) 4312 Pole interval (Section 3)

1212 Presence of special lanes (Section 2) 2311 Presence of footway (Section 3) 3224 Locations of dropped kerb/ramping present (Crossing 2) 4313 Pole offset (Section 3)

1213 Bike lane width (Side A/Section 2) 2312 Overall width of footway (Section 3) 3225 Locations of dropped kerb/ramping hazard (Crossing 2) 4314 Type of luminaire (Section 3)

1214 Bike lane width (Side B/Section 2) 2313 Effective width of footway (Section 3) 3226 Locations of waiting area tactile paving present (Crossing 2) 4315 Type of bulb (Section 3)

1215 Bus lane width (Side A/Section 2) 2314 Type of footway surface (Section 3) 3227 Locations of waiting area tactile paving hazards (Crossing 2) 4316 Luminaire power (Section 3)

1216 Bus lane width (Side B/Section 2) 2315 Other type of footway surface (Section 3) 3315 Position of crossing (Crossing 3) 4317 Luminaire height (Section 3)

1217 Truck lane width (Side A/Section 2) 2316 Footway surface condition (Section 3) 3316 Locations of crossing at intersection (Crossing 3) 4410 Pole arrangement (Section 4)

1218 Truck lane width (Side B/Section 2) 2317 Presence of trip/fall hazard (Section 3) 3317 Locations of levelled crossing (Crossing 3) 4411 Pole type (Section 4)

1219 Total carriageway width (Side A/Section 2) 2318 Presence of tactile paving (Section 3) 3318 Locations of signalised crossing (Crossing 3) 4412 Pole interval (Section 4)

1220 Total carriageway width (Side B/Section 2) 2319 Presence of tactile paving hazard (Section 3) 3319 Locations of elevated crossing (Crossing 3) 4413 Pole offset (Section 4)

1221 Presence of median (Section 2) 2411 Presence of footway (Section 4) 3320 Locations of tunneled crossing (Crossing 3) 4414 Type of luminaire (Section 4)

1222 Median width (Section 2) 2412 Overall width of footway (Section 4) 3321 Locations of tunneled crossing (Crossing 3) 4415 Type of bulb (Section 4)

1223 Type of surface (Section 2) 2413 Effective width of footway (Section 4) 3322 Locations of poor surface along the crossing (Crossing 3) 4416 Luminaire power (Section 4)

1224 Other type of surface (Section 2) 2414 Type of footway surface (Section 4) 3323 Locations of poor surface at the waiting area (Crossing 3) 4417 Luminaire height (Section 4)

1225 Surface condition (Side A/Section 2) 2415 Other type of footway surface (Section 4) 3324 Locations of dropped kerb/ramping present (Crossing 3) 4510 Pole arrangement (Section 5)

1226 Surface condition (Side B/Section 2) 2416 Footway surface condition (Section 4) 3325 Locations of dropped kerb/ramping hazard (Crossing 3) 4511 Pole type (Section 5)

1310 Number of lanes (Side A/Section 3) 2417 Presence of trip/fall hazard (Section 4) 3326 Locations of waiting area tactile paving present (Crossing 3) 4512 Pole interval (Section 5)

1311 Number of lanes (Side B/Section 3) 2418 Presence of tactile paving (Section 4) 3327 Locations of waiting area tactile paving hazards (Crossing 3) 4513 Pole offset (Section 5)

1312 Presence of special lanes (Section 3) 2419 Presence of tactile paving hazard (Section 4) 3415 Position of crossing (Crossing 4) 4514 Type of luminaire (Section 5)

1313 Bike lane width (Side A/Section 3) 2511 Presence of footway (Section 5) 3416 Locations of crossing at intersection (Crossing 4) 4515 Type of bulb (Section 5)

1314 Bike lane width (Side B/Section 3) 2512 Overall width of footway (Section 5) 3417 Locations of levelled crossing (Crossing 4) 4516 Luminaire power (Section 5)

1315 Bus lane width (Side A/Section 3) 2513 Effective width of footway (Section 5) 3418 Locations of signalised crossing (Crossing 4) 4517 Luminaire height (Section 5)

1316 Bus lane width (Side B/Section 3) 2514 Type of footway surface (Section 5) 3419 Locations of elevated crossing (Crossing 4)

1317 Truck lane width (Side A/Section 3) 2515 Other type of footway surface (Section 5) 3420 Locations of tunneled crossing (Crossing 4)

1318 Truck lane width (Side B/Section 3) 2516 Footway surface condition (Section 5) 3421 Locations of tunneled crossing (Crossing 4)

1319 Total carriageway width (Side A/Section 3) 2517 Presence of trip/fall hazard (Section 5) 3422 Locations of poor surface along the crossing (Crossing 4)

1320 Total carriageway width (Side B/Section 3) 2518 Presence of tactile paving (Section 5) 3423 Locations of poor surface at the waiting area (Crossing 4)

1321 Presence of median (Section 3) 2519 Presence of tactile paving hazard (Section 5) 3424 Locations of dropped kerb/ramping present (Crossing 4)

1322 Median width (Section 3) 3425 Locations of dropped kerb/ramping hazard (Crossing 4)

1323 Type of surface (Section 3) 3426 Locations of waiting area tactile paving present (Crossing 4)

1324 Other type of surface (Section 3) 3427 Locations of waiting area tactile paving hazards (Crossing 4)

1325 Surface condition (Side A/Section 3) 3515 Position of crossing (Crossing 5)

1326 Surface condition (Side B/Section 3) 3516 Locations of crossing at intersection (Crossing 5)

1410 Number of lanes (Side A/Section 4) 3517 Locations of levelled crossing (Crossing 5)

1411 Number of lanes (Side B/Section 4) 3518 Locations of signalised crossing (Crossing 5)

1412 Presence of special lanes (Section 4) 3519 Locations of elevated crossing (Crossing 5)

1413 Bike lane width (Side A/Section 4) 3520 Locations of tunneled crossing (Crossing 5)

1414 Bike lane width (Side B/Section 4) 3521 Locations of tunneled crossing (Crossing 5)

1415 Bus lane width (Side A/Section 4) 3522 Locations of poor surface along the crossing (Crossing 5)

1416 Bus lane width (Side B/Section 4) 3523 Locations of poor surface at the waiting area (Crossing 5)

1417 Truck lane width (Side A/Section 4) 3524 Locations of dropped kerb/ramping present (Crossing 5)

1418 Truck lane width (Side B/Section 4) 3525 Locations of dropped kerb/ramping hazard (Crossing 5)

1419 Total carriageway width (Side A/Section 4) 3526 Locations of waiting area tactile paving present (Crossing 5)

1420 Total carriageway width (Side B/Section 4) 3527 Locations of waiting area tactile paving hazards (Crossing 5)

1421 Presence of median (Section 4) 3110 Distance from start of Crossing 1

1422 Median width (Section 4) 3210 Distance from start of Crossing 2

1423 Type of surface (Section 4) 3310 Distance from start of Crossing 3

1424 Other type of surface (Section 4) 3410 Distance from start of Crossing 4

1425 Surface condition (Side A/Section 4) 3510 Distance from start of Crossing 5

1426 Surface condition (Side B/Section 4)

1510 Number of lanes (Side A/Section 5)

1511 Number of lanes (Side B/Section 5)

1512 Presence of special lanes (Section 5)

1513 Bike lane width (Side A/Section 5)

1514 Bike lane width (Side B/Section 5)

1515 Bus lane width (Side A/Section 5)

1516 Bus lane width (Side B/Section 5)

1517 Truck lane width (Side A/Section 5)

1518 Truck lane width (Side B/Section 5)

1519 Total carriageway width (Side A/Section 5)

1520 Total carriageway width (Side B/Section 5)

1521 Presence of median (Section 5)

1522 Median width (Section 5)

1523 Type of surface (Section 5)

1524 Other type of surface (Section 5)

1525 Surface condition (Side A/Section 5)

1526 Surface condition (Side B/Section 5)
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Source: Author 

Figure 9-7: Screen capture of the VBA forms created to assist the data transfer to the computer database 

9.1.2.2. Primary data collection 

a. Initiating the data collection with surveyors 

Even though all authorities in Rayong city were committed to collecting the data, only the DOH 

and DRR were able to carry out the actual collection (i.e. on Route 13-15). Rayong MPO informed 

that they faced a problem from staff shortage and were unable to carry out the data collection. 

Upon learning of the problem, an alternative method to acquire the data was performed.  

The author tried to hire other people who may have been interested in collecting the remaining 

data. Initially, the author started searching for vocational students in the area who usually 

accepted jobs for payment, but none were willing to accept the offer. Fortunately, one of the 

surveyors who had previously collected the data agreed to work privately after negotiating for 

several rounds. 

b. Feedback from using the data collection forms 

One of the surveyors was asked for feedback and answered that the overall experience was 

positive. One positive note was that the forms and guides were simple to understand, which 

allowed them to grasp what needed to be collected quickly. Initially, they found that the forms 

were hard to understand because they contained many fields. However, once initiating the data 

collection, the forms were deemed well-designed and simple to follow.  

Still, the surveyors felt that there were too many fields left blank, which led to paper waste. They 

suggested simplification by reducing the number of fields per sheet of paper, such as reducing 



Chapter 9: Case study application of performance measurement and prioritisation 

322 

the number of sections from 5 to 3 and putting aside some fields not usually filled. Furthermore, 

they suggested merging the duplicated footway data forms for sides A and B into one form 

containing both sides. They reasoned that, while the footway on both sides is separated, the 

surveyors could walk on the median to collect the data on both sides at the same time. 

What they found most confusing was the crossing form since it asked details of the directions of 

road and positions of crossings. They felt that the crossing form could be improved by referring 

the code of crossing position to the walking directions (e.g. A: left, B: front, C: right, D: left). This 

is because it can be done at the same time with other forms, without frequently reorienting the 

position of surveyors.  

c. Suggestions for improvement 

Based on the evidence when contacting the surveyors, field data collection was an unpopular job. 

In the future, it is foreseeable that the involvement of human labour will be reduced in this 

process. Two solutions are suggested to reduce human labour. 

The first solution is to change the paper forms to a tablet computer, which will reduce the errors 

and the time taken to transfer the data into the computer database. This method will have a high 

initial investment cost to develop the application software that fits the workflow of surveyors and 

the procurement of new tablet computers for the field staff. While it reduces the process steps 

to carry out data transfer, this method still involves using human labour to walk the roads to 

collect the data.  

The second suggested method is to use machine-based data collection. Lidar scanner technology 

has been developed to aid the mobile mapping system. Equipping a mobile scanner with artificial 

intelligence (AI) to inspect the road infrastructure assets and conditions could greatly reduce the 

human effort needed in the data collection process. However, this might require high investment, 

both in terms of machine procurement and desktop workers to do the data inspection. Since 

introducing machine-based data collection could introduce greater benefits while at the same 

time incurring high costs, the feasibility of the plan should be studied carefully before 

implementation. 

9.1.2.3. Data collected from secondary sources 

There were some types of data that could not be collected using paper forms. These data were 

obtained from secondary sources that specialised in collecting and updating such data. 
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a. Speed data 

Speed data was hard to obtain in the past. However, thanks to the introduction of inexpensive 

GPS devices, positional data can easily be converted to speed data nowadays. The speed data was 

converted to each road segment to indicate the speed in various statistical formats such as 

average, 85th percentile and 95th percentile. Such data can be used for different performance 

indicators.    

The speed data was obtained from iTiC (Thailand), which is a non-profit organisation promoting 

safer roads using a pool of GPS data that has speed and directional metadata available for the 

whole of Thailand at no cost. To validate the accuracy of the data, a trial dataset from TomTom 

was obtained to compare with the speed data from iTiC. It was found that iTiC data could be used 

for the case study as the errors are within an acceptable limit.  

b. Traffic volume and composition 

All roads belonging to DOH and DRR have official traffic volume and composition data that is 

collected annually. The data is quite aggregated as it is collected per route basis. This means that 

each route only has one value for traffic volume and composition data, regardless of the number 

of segments. On the other hand, the roads belonging to LGOs in Rayong do not have traffic 

volume data. A modeller was hired to simulate the traffic volume using the available land use and 

traffic volume data for nearby routes.  

c. Accident data 

The sources of accident data include the road authority's own database (i.e. ARMS and HAIMS for 

DRR and DOH) and third-party non-profit organisations such as ThaiRSC. This study combined all 

data together and compared the locations in a given year. If there was a duplication of data in the 

same position (i.e. within the proximity of 10 m according to the consumer GPS accuracy of 7.8 

m at 95% confidence interval) by two or more sources, only one data source was recorded to 

make the data as comprehensive as possible. 

9.1.3 Data processing 

9.1.3.1. Paper conversion to the database 

After the surveyors had finished collecting data into paper forms, the researcher hired another 

group of people to input the data into a computer database developed by VBA in Microsoft Excel. 

Once the data was keyed into the database, the researcher randomly checked the quality of the 

input by comparing the data in the paper with the data in the database. It was found that the 

errors from the data input were minimal (e.g. human errors from number input), meaning that 

the developed VBA database worked well. 
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While there was no problem finding an inputter as there are many online platforms to find part-

timers willing to do desktop work and the errors were found to be minimal, the version of 

Microsoft Excel used may affect the usability of the VBA script. Hence, finding people with the 

right version of Microsoft Excel could be problematic (i.e. the developer used Microsoft Office 

365).  

9.1.3.2. Inspection of errors & cleansing 

Two types of critical errors were checked for the data collected from the field. First, the surveyed 

length was checked with the GIS length. It is assumed that the differences in surveyed length 

should not exceed 10% of GIS length. If the error was over 10%, the length of each section was 

rechecked with the length in Google Street View. For a length error within 10%, the difference in 

length (i.e. GIS length – surveyed length) was distributed back to the surveyed length. The length 

added/subtracted per section was weighted according to the section length. 

Another type of error is the wrong information. From the observation, the wrong information can 

be categorised based on four causes. The first cause was human errors such as the surveyors 

being unfamiliar with inputs and the forms produced in the wrong segment. The second cause 

was errors from the database program, which caused some data to become corrupted and 

required extra effort to recover. The third type of error was from the data collection forms that 

were not designed to fit the workflow of the surveyors. The last type of error was unexpected 

error, which could be found once the real data collection had commenced. An example of an 

unexpected error is that no field that collects the road lane that has been used for on-street 

parking, which is prevalent on the streets of Thailand.  

The source of wrong information can originate from the inputs from surveyors and when the data 

from the paper form is transferred to a computer database. These errors can be checked using 

two methods. The first method is to check for data mismatch, which may be obvious to an 

experienced observer, such as the error of the road width per lane. For example, a minimum lane 

width should have at least 2.5 m. Hence, there is an obvious error when seeing a 3-lane road with 

6 m width. The second method is to randomly check with the interpretation from various sources, 

such as letting two other experienced persons look at the paper form and transfer the data into 

the database. If there are many differences, a change of the personnel who transfer the data is 

recommended. 

From the observation during the data cleansing process, the number of errors seems to decrease 

the second time when the same surveyor was assigned to do the data collection. This means the 

surveyors need a steep learning curve when doing the data collection.  
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9.2 Performance measurement 

9.2.1 Breakdown of sections of performance metric in a road segment 

9.2.1.1. Segmentation of data 

The computation of performance needs to be disaggregated many times. The segmentation 

process was summarised in Chapter 8 and reproduced again here in Figure 9-8. 

 

Source: Author 

Figure 9-8: Overall process for problem identification and prioritisation for attention 

a. Segment of Link & Place 

Each road segment is created when there is a change in Link or Place status or Land use type. 

These segments, with prefix SG followed by route number and running number (e.g. SG14.1, 

SG14.2, …), are used for setting up the acceptability thresholds for all indicators. The details for 

classification in each segment can be shown comprehensively in a compact form, where each cell 

shows the unique information with the length of the section, as shown in Figure 9-9. 
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Sections created from 
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Road under consideration (e.g. R3)
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SPC3.1 SPC3.3
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▪ SPM[R].[#] = section of route [R] with 
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▪ SPI[R].[#] = section of route [R] with 
combined RAG value of 
single/multiple performance 
metric(s) in a particular indicator

▪ SPC[R].[#] = section of route [R] with 
RAG value of a particular indicator, 
merged into unique sections
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Source: Author 

Figure 9-9: Comprehensive details for each segment of unique Link & Place and land use types (source: author) 

b. Section of information per metric 

Section of information (SC) is created for each change in the data collected from both primary 

and secondary sources. Each metric uses a different set of information, which means that the 

section length and resulting number of sections created for one metric to another can vary 

dramatically.  

Such differences can be illustrated in Figure 9-10, showing the sections of information on Route 

14 that were required to calculate the performance of P1-1: Place delay. This indicator measures 

the road in three situations (i.e., M7: intersection crossing opportunity, M8: distance of crossing 

facilities away from the entrance of major attractor, and M9: distance away from nearest crossing 

facility at midblock). The information related to the measurement of performance in each metric 

M7-M9 created varying disaggregation of Route 14.  

Route 15 SG15.1 SG15.2 SG15.3 SG15.4 SG15.5 SG15.6

Link & Place status I-C I-D I-C I-D I-C I-E

Land use Tourism Business Business Business Business Production

Length (m) 414 718 229 1462 393 346

Route 14 SG14.1 SG14.2 SG14.3

Link & Place status III-D III-C III-C

Land use Business Civic Business

Length (m) 3060 486 340

Route 13 SG13.1 SG13.2 SG13.3 SG13.4 SG13.5 SG13.6 SG13.7

Link & Place status IV-D IV-E IV-C IV-D IV-C IV-D IV-C

Land use Business Residential Civic Business Business Business Civic

Length (m) 764 241 281 650 562 718 330

Route 16 SG16.1 SG16.2 SG16.3 SG16.4 SG16.5 SG16.6 SG16.7 SG16.8

Link & Place status II-C II-B II-C II-C II-C II-D II-C II-B

Land use Business Business Business Civic Business Business Business Business

Length (m) 484 770 627 357 644 318 555 319

Route 17 SG17.1 SG17.2

Link & Place status IV-C IV-B

Land use Business Business

Length (m) 350 226

Route 19 SG19.1

Link & Place status IV-B

Land use Transport

Length (m) 476

Route 18 SG18.1 SG18.2

Link & Place status V-C V-B

Land use Business Business

Length (m) 345 246

Route 21 SG21.1 SG21.2

Link & Place status V-C V-E

Land use Business Residential

Length (m) 344 288

Route 20 SG20.1

Link & Place status V-D

Land use Business

Length (m) 268
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Source: Author 

Figure 9-10: Example of differences in data sections created for different performance metrics 

9.2.2 Calculation of the degree of problem per indicator 

9.2.2.1. Results for each performance metric 

The acceptability thresholds for each Link & Place and land use segment are compared against 

the information in related performance metric. The code for the sections is changed from SC to 

SPM to indicate that the cells show the assessed performance in each metric.  

Again, using the metrics M7-M9 required for indicator P1-1, the performance assessment is shown 

in Figure 9-11. For simplicity, only relevant information used for assessment is retained. For 

instance, to compare with the DT/LT thresholds, only the number of legs with an opportunity to 

cross is retained, while the number of legs in M7 is omitted as it is no longer needed. There can 

be some instances in which multiple criteria are used to determine the resulting performance, 

such as M7, where criterion 1 (i.e. number of legs with an opportunity to cross) and criterion 2 

(i.e. distance away from crossing) have to be considered together to come up with a decision on 

the RAG performance.  

M7: Intersection SC14.1 SC14.2 SC14.3 SC14.4 SC14.5 SC14.6 SC14.7 SC14.8 SC14.9

Length (m) 59 2953 102 267 100 53 100 202 50

Number of legs 3 N/A
This section 

is not an 
intersection

4 N/A
This section 

is not an 
intersection

4 N/A
This section 

is not an 
intersection

3 N/A
This section 

is not an 
intersection

4

No. legs with opportunity to cross 0 1 0 1 4

Furthest dist. away from crossing 
(m)

No crossing 
facility

No crossing 
facility

No crossing 
facility

33 5

M8: Major attractor SC14.1 SC14.2 SC14.3

Length (m) 3065 102 719

Carriageway width ≥ 7.0 m
N/A

This section 
is not in front 

of major 
attractor

Yes
N/A

This section 
is not in front 

of major 
attractor

Distance of crossing away from 
major attractor (m)

46

M9: Midblock SC14.1 SC14.2 SC14.3 SC14.4 SC14.5 SC14.6 SC14.7 SC14.8 SC14.9

Length (m) 520 200 100 50 127 50 100 202 1712

Carriageway width > 7.0 m Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band of distance from crossing >400 m 201-400 m 101-200 m 51-100 m 0-50 m 51-100 m 101-200 m 201-400 m >400 m

M9: Midblock (continued) SC14.10 SC14.11 SC14.12 SC14.13 SC14.14 SC14.15 SC14.16 SC14.17

Length (m) 2 42 100 50 100 77 153 72

Carriageway width > 7.0 m Yes Yes Yes Yes Yes Yes Yes Yes

Band of distance from crossing >400 m 51-100 m 0-50 m 51-100 m 101-200 m 201-400 m >400 m 0-50 m



Chapter 9: Case study application of performance measurement and prioritisation 

328 

 

Source: Author 

Figure 9-11: Performance result of metric M7-M9 on Route 14 

9.2.2.2. Results for each performance indicator 

For the performance indicator that involves multiple metrics, the worst performance is selected 

as a representative of the relevant section. In this step, the length and number of sections 

indicating the indicator performance is changed again based on the types of related metrics. The 

performance section is then changed to be coded as SPI to indicate the assessed performance of 

a specific indicator.  

Again, comparison of the performance from multiple metrics requires disaggregation according 

to the unique change in performance, as illustrated in Figure 9-12 that indicates the performance 

of indicator P1-1 on Route 14.  

 

Source: Author 

Figure 9-12: Performance result of indicator P1-1: Place delays on route 14 

M8: Major attractor SPM14.1 SPM14.2 SPM14.3

Length (m) 3065 102 719

Carriageway width ≥ 7.0 m N/A
Not in front 

of major 
attractor

Yes N/A
Not in front 

of major 
attractor

Dist. of crossing away from major attractor (m) 46

DT/LT distance of crossing away (m) 25/50

Performance assessment N/A A N/A

M9: Midblock SPM14.1 SPM14.2 SPM14.3 SPM14.4 SPM14.5 SPM14.6 SPM14.7 SPM14.8 SPM14.9

Length (m) 520 200 100 50 127 50 100 202 1712

Carriageway width > 7.0 m Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band of distance from crossing >400 m 201-400 m 101-200 m 51-100 m 0-50 m 51-100 m 101-200 m 201-400 m >400 m

DT/LT of distance away 200/400 200/400 200/400 200/400 200/400 200/400 200/400 200/400 200/400

Performance assessment R A G G G G G A R

M9: Midblock (continued) SPM14.10 SPM14.11 SPM14.12 SPM14.13 SPM14.14 SPM14.15 SPM14.16 SPM14.17

Length (m) 2 42 100 50 100 77 153 72

Carriageway width > 7.0 m Yes Yes Yes Yes Yes Yes Yes Yes

Band of distance from crossing >400 m 51-100 m 0-50 m 51-100 m 101-200 m 201-400 m >400 m 0-50 m

DT/LT of distance away 50/100 50/100 50/100 50/100 50/100 50/100 50/100 50/100

Performance assessment R A G A R R R G

M7: Intersection SPM14.1 SPM14.2 SPM14.3 SPM14.4 SPM14.5 SPM14.6 SPM14.7 SPM14.8 SPM14.9

Length (m) 59 2953 102 267 100 53 100 202 50

No. legs with opportunity to cross 0

N/A
Not an 

intersection

1

N/A
Not an 

intersection

0

N/A
Not an 

intersection

1

N/A
Not an 

intersection

4

(Criterion 1) DT/LT No. legs with opp. to cross 3/2 4/3 4/3 3/2 4/3

Dist. away from crossing (m)
No crossing 

facility
No crossing 

facility
No crossing 

facility
33 5

(Criterion 2) DT/LT Dist. away from crossing 10/50 10/50 10/50 10/50 10/50

Performance assessment 
(worst of criteria 1 and 2)

R N/A R N/A R N/A R N/A G

P1-1: Place delays SPI14.1 SPI14.2 SPI14.3 SPI14.4 SPI14.5 SPI14.6 SPI14.7 SPI14.8 SPI14.9 SPI14.10 SPI14.11 SPI14.12

Length (m) 59 461 200 427 202 1663 50 3 40 10 53 37

M7 Performance R N/A N/A N/A N/A N/A R R R R N/A N/A

M8 Performance N/A N/A N/A N/A N/A N/A N/A N/A A A A N/A

M9 Performance R R A G A R R A A G G G

Performance Assessment R R A G A R R R R R A G

P1-1: Place delays (cont’ed) SPI14.13 SPI14.14 SPI14.15 SPI14.16 SPI14.17 SPI14.18 SPI14.19 SPI14.20 SPI14.21 SPI14.22 SPI14.23 SPI14.24

Length (m) 50 127 100 53 50 50 22 50 69 50 12 50

M7 Performance N/A N/A R N/A R R N/A N/A N/A N/A N/A G

M8 Performance N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

M9 Performance A R R R R G G A R A G G

Performance Assessment A R R R R R G A R A G G
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Once the RAG performance is shown in each indicator, the adjacent sections that have the same 

performance are merged together. This means that merging the adjacent sections that have the 

same performance of P1-1 on Route 14 can reduce the number of sections from 24 SPI sections 

down to 14 SPC sections, as shown in Figure 9-13. For clarity, the figure shows only relevant 

information, which includes section length and RAG performance.  

 

Source: Author 

Figure 9-13: Resulting sections of P1-1 performance after merging adjacent sections that have the same performance 

Once all indicators are assessed for the performance, the overall sections of performance of all 

indicators are disaggregated again based on the unique sections of the individual indicator. The 

resulting sections are coded as SP, which comprise the final sections that will be used for 

prioritisation.  

Figure 9-14 shows an example of the overall performance for all 14 indicators on route number 

14. Because different indicators produce different sections of SPC performance, the SP sections 

are increased to 28 sections. Having performed the final step, it was found that there were 136 

SP sections in the case study areas. These SP sections were compared against each other for 

prioritisation. 

P1-1: Place delays SPC14.1 SPC14.2 SPC14.3 SPC14.4 SPC14.5 SPC14.6 SPC14.7 SPC14.8 SPC14.9 SPC14.10 SPC14.11 SPC14.12 SPC14.13 SPC14.14

Length (m) 520 200 427 202 1766 53 37 50 380 22 50 69 50 62

Performance Assessment R A G A R A G A R G A R A G
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Source: Author 

Figure 9-14: Sections of overall performance for all indicators coded as SP; each individual section is disaggregated to show unique performance results

SP14.1 SP14.2 SP14.3 SP14.4 SP14.5 SP14.6 SP14.7 SP14.8 SP14.9 SP14.10 SP14.11 SP14.12 SP14.13 SP14.14 SP14.15 SP14.16 SP14.17 SP14.18 SP14.19 SP14.20 SP14.21 SP14.22 SP14.23 SP14.24 SP14.25 SP14.26 SP14.27 SP14.28

Length (m) 520 131 69 118 32 126 151 174 27 1444 196 2 70 44 10 52 38 50 48 231 12 88 22 50 69 50 12 50

L1 Link movement

L1-1: Link delays G G G G G G G G G G G G G G G G G G G G G G G G G G G G

L1-2: Link surface condition G G G G G G G G G G G G G G G G G G G A A G G G G G G G

L1-3: Link movement capacity G G G G G G G G G G G G G G G G G G G G G G G G G G G G

P1 Place movement

P1-1: Place delays R A A G G G G A A R R R R R R A G A R R R R G A R A G G

P1-2: Place surface condition R R R R A A A A A A A A A A A A A A A A A A A A A A A A

P1-3: Place movement capacity R R R R R R R R R R R R R A A A A A A A A R R R R R R R

L2 Link safety

L2-1: Link accident risk R R R R R R R R R R R R R R R R R R R R R R R R R R R R

L2-2: Link user exposure to risk A A R R G G G G A A G G G G G G G G G G G G G G G G G G

L2-3: Link safety infrastructure G G G G G G G G G G G G G G G G G G G G G G G G G G G G

P2 Place safety

P2-1: Place accident risk - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P2-2: Place user exposure to risk R R R R R R R R R R R R R R R R R R R R R R R R R R R R

P2-3: Place safety infrastructure G G G G G G G G G G G R G G G G G G G G G G G G G G G G

LP3 Link & Place environment

LP3-1: Noise quality A A A A A A A A A A A A A A A A A A A A A G G G G G G G

LP3-2: Air Pollution G G G G G G G G G G G G G G G G G G G G G G G G G G G G
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9.2.3 Combine multiple RAG performance ratings from different indicators 

9.2.3.1. Potential creation of sensitivity to the prioritisation  

As discussed in Chapter 8, there can be a multitude of combined factors that affect the priority 

for attention, such as the summation method, weighting and the disaggregation of the road 

segment. Recapping the summary table of the factors affecting the priority in Table 9-3, a set of 

suitable options were initially chosen which are (i) the measurement is at the segment level, (ii) 

equal weighting is given to Link & Place status, and (iii) equal weighting given to each indicator.  

Table 9-3: Selection of parameters on different factors that involve prioritisation 

Factors affecting 

prioritisation 

Options Selected option 

Summation method - WS: Weighted summation 

- RA: Red then amber priority 

Segment length could also be used as a 

tiebreaker 

Cannot decide: need to validate for 

sensitivity to the result 

Link & Place status 

weighting 

Weighting of road segment based on Link & 

Place status 

- Link & Place status-based weighting 

- Equal weighting 

Equal weighting: giving different weighting 

could cause multiply effect the importance 

because the RAG performance rating has 

been considered based on thresholds based 

on Link & Place and land use contexts 

Indicator weighting 

model 

- EI: Equal indicator weights 

- ET: Equal thematic weights 

- BUP: Bottom-up professional weights 

- TDP: Top-down professional weights 

- ETP: Equal thematic weights with professional 

indicator sub-weights 

EI: Equal indicator weights were chosen 

because the performance indicator structure 

is balanced 

Indicator 

disaggregation 

- OS: Overall score 

- TS: Thematic score 

- IS: Individual indicator score 

All options could be illustrated in the trial 

case study 

Spatial 

disaggregation 

- SL: Segment level 

- CL: Corridor level 

- AL: Areawide level 

SL: only segment level has been considered 

as part of Link & Place segmentation. Other 

spatial disaggregation needs to be further 

considered for the definition of scope 

Source: Author 

According to the table, what could not be decided was the summation method. Different 

methods of summation may yield different results in terms of priority for attention. This study is 

interested in the applicability of the prioritisation. This means that the summation method that 

produces the result with the smallest number of ties is preferred.  

There are two options for summation that have been proposed in Chapter 8, which are weighted 

summation (WS) and red then amber priority (RA) with the length as a potential factor for a 

tiebreaker. Although the weighted summation method could be applied using, for example, the 

Delphi technique to obtain the weights, the information regarding the weighting of indicators 

acquired from stakeholders did not show much consensus. Future research could investigate 
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approaches to deriving weights that equitably represent the diversity of stakeholder views. For 

the purpose of testing the method developed here, it was decided to use a generic weighted 

summation that assigns red a double weight to amber. This study performs a sensitivity analysis 

using the indicators’ performance from the case study using WS and RA method with length (L) as 

an additional variable (i.e. WSL, RAL and RL). The method for calculating the priority using these 

four methods is explained in Table 9-4. 

Table 9-4: Procedure for calculating proposed summation methods 

Summation method Calculation procedure Rationale 

WS: weighted 

summation 

Assign a different weight to red and amber to the 

aggregation (e.g. 2 for red 1 for amber). 

Simple assumption that the red is 

twice important to amber 

RA: red then amber 

priority 

Place the total number of reds and the total number 

of ambers in different bins. Consider the red bin first. 

If the number of reds in the first bin is tied, use the 

number of ambers in the second bin as a tiebreaker. 

Red is absolutely more important 

than amber - it has to be dealt with 

immediately 

 

WSL: weight 

summation then 

length priority 

Assign a different weight to red and amber to the 

aggregation (e.g. 2 for red 1 for amber). If there is a 

tie, use longer length as a tiebreaker. 

This method uses the section length 

to reduce the ties of WS 

 

RAL: red then amber 

then length priority 

Place the total number of reds, the total number of 

ambers and section length in different bins. Consider 

the red bin first. If the number of reds in the first bin 

is tied, use the number of ambers in the second bin 

as a tiebreaker. If a tie persists, use longer length in 

the third bin as a tiebreaker. 

Red is absolutely more important 

than amber while taking into account 

the length of the road to break the tie 

 

RL: red then length 

priority 

Place the total number of reds and section length in 

different bins. Consider the red bin first. If the 

number of reds in the first bin is tied, use longer 

length in the second bin as a tiebreaker. 

Red has to be dealt with immediately 

and the greater length increases the 

importance of the problem. 

However, this might throw away the 

data on the number of ambers. 

Source: Author 

9.2.3.2. Sensitivity from method to summing up the degree of the problem 

There were 136 sections of road that had unique performance disaggregating at the segment 

level (SL). Each summation method (i.e. WS, RA, WSL, RAL and RL) was applied alongside the 

selected options on other factors (i.e. equal indicator weighting (EI) with equal Link & Place 

weights) to find the sensitivity of the prioritisation using the overall score (OS) method. These 

sections were coded using SP as the prefix. 

Figure 9-15 shows the comparison of ranking using five different summation approaches. In the 

background, there are 136 bars of red, amber, and green that show the raw degree of the 

problem before prioritisation. The grey bar indicates how much performance information is not 

applicable to the measurement of that section. The cumulative number of red, amber, and green 

bars can be measured using the marks on the right-hand side. The plotted solid black line 

represents the ranking in descending order based on RAL model. Other lines show variations of 
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the different summation approaches. The rank of each section for a certain summation method 

is shown by the marks on the left-hand side.  

According to Figure 9-15, the road segments were arranged based on EI-RAL rankings which 

shows some dramatic variations in the rankings between different methods. Some of the lines 

become jagged due to the variation of ranking of a particular road segment. The differences occur 

because the red and amber scores are weighted differently. The RA-based approach does not 

compensate red for amber, giving higher priority to a road segment with a higher number of reds 

regardless of the number of amber scores. While the WS-based summation gives the weights to 

red and amber differently, but the total sum can be compensated by each other. Here, given a 

high enough amount of amber scores, a road segment's rank according to WS-based summation 

can produce a contrasting result to RA-based summation. The noticeable difference in ranking 

can be seen when red scores are equal but with different amber scores.    
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Source: Author 

Figure 9-15: Results of ranking per section using different prioritisation methods, ranked in descending order based on RAL model 
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The result shows that different methods produce different orders of priority. However, the 

rankings produced by certain methods are more similar to each other; for example, the rankings 

between WS – WSL and RA – RAL. The variations of rankings can be calculated from the 

differences between each pair of summation methods per section. The average values of the 

variation among summation methods are summarised in Table 9-5. RA - RAL and WS - WSL have 

the lowest variations. This is as expected because both methods in each pair are the derived forms 

of each other. 

Table 9-5: Average rank variation between different pairs of summation methods 

WS RA WSL RAL RL 
 

- 10.6 5.7 10.9 16.8 WS 

 
- 11.3 1.9 7.3 RA 

  
- 10.2 15.9 WSL 

   
- 6.8 RAL 

    
- RL 

Source: Author 

9.2.3.3. Selected summation method 

While different methods could interpret the priority differently as there is no accurate 

information on how different stakeholders would think about the resulting priorities, this study 

carefully considered the goals and objectives and developed the structure of indicators 

accordingly. As a result, the ranking was produced to reflect the priority based on overarching 

aims. This satisfies the main goal of measuring the performance. However, the number of ties 

produced could reduce the robustness of the prioritisation.  

This section aimed to identify the prioritisation method that removes the problem of ties. The 

prioritisation method that produces many ties will be less useful in practice. Not only does the 

total number of ties matter, but the size of the tie cluster is also important. It is preferable that 

the ties are grouped in a smaller cluster. This will help the decision-maker to distinguish the order 

between different tie groups, which will be more useful for funding allocation. 

To elaborate on the previous point, suppose that there are two methods of prioritisation. The 

first method produces 25 tie sections with an average tie cluster of 5, while the second method 

produces the same number of 25 tie sections, but with an average tie cluster of 2. Assuming that 

each section has equal length, and the authorities are able to give funding to the top 7 sections 

of road, the first method will allow funding to be allocated for the top 5 sections (i.e. the first 

group of ties), while the second method can allocate the funding to the top 6 sections (i.e. the 



Chapter 9: Case study application of performance measurement and prioritisation 

 

336 

first three groups of ties). This means that if the authority is going to fund 7 sections of road, using 

the first method will involve arbitrarily selecting two sections as opposed to only one using the 

second method. That is efficiency loss. Hence, a smaller tie cluster produces lower efficiency loss 

for funding allocation. 

According to the above criteria, the tie statistics among different summation methods can be 

shown in Table 9-6. It was found that the RAL method produced the best tie performance with 6 

ties and average ties per cluster of 2.0. On the other hand, WS produced the worst tie 

performance with 134 ties that have the cluster of ties of 8.9 on average. It is also evident that 

introducing length as a tiebreaker can significantly reduce the number of ties as WSL and RAL 

reduce the number of ties to 10 and 6 from its variants WS and RA that produce 134 and 128 ties. 

However, RL produces inferior tie performance among methods that use length for prioritisation 

with the number of ties at 25.  

Table 9-6: Summary statistics for the performance of different summation methods 

Statistics WS RA WSL RAL RL 

Unique rank 2 8 126 130 111 

Ties 134 128 10 6 25 

Min Tie cluster size 2 2 2 2 2 

Max Tie cluster size 21 8 3 2 4 

Avg. Tie cluster size 8.9 4.3 2.5 2.0 2.5 
Source: Author 

 

According to the tie reduction performance, the RAL method produces the best result which 

means RAL summation method can be selected for the prioritisation using Link & Place 

framework. However, there is a caveat since using length as a tiebreaker may imply some 

arbitrariness. First, lengths may not properly indicate the overall impacts because some indicators 

do not differentiate the extents of the problem (e.g. the presence of hazards is counted as reds, 

regardless of frequency of occurrence). Second, using length as a tiebreaker assumes that the 

problems on the road are distributed uniformly, when in fact it does not. This could make lengths 

become less ideal as a measure for a tiebreaker. Finally, lengths also distributed in varying 

distances in each section, so it is not natural to compare a section that has a significantly longer 

length with a section that has a very short distance.  

While the result of a tiebreaker favours the use of length as a tiebreaker, it is accepted with 

reservation. To improve the robustness of the prioritisation model, further investigation of the 

sensitivity to the priority of results using WS and RA with other sophisticated methods (i.e. 

different indicator weightings) is necessary. 
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9.2.3.4. Other factors that produce sensitivity in the results 

Four factors affect the priority of the result that was not tested for sensitivity. First, the structure 

of indicators used could impact the way the degree of problems is aggregated. There can be many 

ways to derive the indicator structure, some of which have not yet been ventured into, such as 

top-down approach, bottom-up approach or matrix approach. The second factor is the 

measurement error. Various errors from surveys have been spotted and could introduce a poorly 

justified result in prioritisation. Third, the indicator thresholds could affect the decision of the 

degree of problem identification. Some indicators may be more lenient at judging the acceptable 

performance than the other which could categorically produce a biased result. Finally, the 

imputation of missing data could produce a biased result towards some indicators.  

Table 9-7 describes the impact of these factors on the overall sensitivity of the result and the 

suggested improvements. 

Table 9-7: Other factors that could affect the sensitivity of performance result 

Factor Sensitivity What have been done? Improvement method 

Structure of 

performance 

indicators 

The structure is used to 

determine the grouping of 

indicators. There can be many 

ways to create the structure 

such as a top-down approach 

(used in this study), bottom-up 

approach, and matrix approach 

(i.e. many-to-many) 

This study created the 

performance indicator 

structure based on the 

themes considered by 

international organisations 

on development.  

There can be other ways of 

arranging these indicators. 

However, this study do not 

have an alternative structure 

for comparison. 

Try different approaches 

that come out with the 

structure that 

1. Measure the desired 

objective 

2. Compatible with Link & 

Place approach 

3. Produce a balanced 

number and types of 

indicators 

Measurement 

errors 

The surveyors consisted of 

different teams. One team may 

report the same problem 

differently to the other. 

Moreover, an error can also 

originate from the input of 

data. 

Not enough resources to 

validate the data collection 

errors (e.g. ask two 

surveyors to survey the 

same road)-as surveyors are 

scarce 

Only the errors from data 

input was validated when 

transferring the result from 

paper into a computer by 

asking two different data 

inputters to key-in the data. 

The result is validated with 

the researcher’s own 

interpretations. It was found 

that the error from data input 

is low. 

1. Training of surveyors 

2. Produce a consistent 

standard document 

3. Use tools for surveying 

(e.g. use AI to detect the 

problem) 
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Factor Sensitivity What have been done? Improvement method 

Indicator 

thresholds 

Although care has been given 

in selecting the thresholds 

representing the problem, the 

thresholds for some indicators 

may be more lenient to the 

other.  

Moreover, the difficulty of 

thresholds for different Link & 

Place statuses may not be 

linear, which creates a different 

degree of problems. 

This study developed 

thresholds based on 

international standards and 

global south countries 

standards. However, no 

comparison between 

different indicators to 

illustrate how the thresholds 

behave.  

1. Investigate the 

sensitivity of results in 

Link & Place based on 

the different setup of 

thresholds; then set up 

the thresholds that 

create consistent 

sensitivity of results 

2. Create a scoring 

mechanism in place of 

natural indicator metric 

that could generate 

consistent results 

Treatment of 

N/A 

Even though the rationale for 

imputation is to give priority of 

some missing data, it may 

actually increase the impact of 

some indicators over the other. 

For example, the missing 

footway is considered red and 

it also makes the condition of 

footway and hazards on the 

footway red as well. This ‘triple’ 

counts the footway 

infrastructure.   

The thresholds applied to 

some of Link & Place status 

and Land use. While this 

makes practical sense, it 

may create imbalance 

treatment among road 

sections. 

1. Create thresholds for all 

road types to reduce N/A 

2. Rebalance the structure 

of indicator to measure 

the impact of all 

infrastructures equally. 

However, balancing the 

infrastructure impact 

may create imbalanced 

themes impact. Thus, 

very careful 

consideration needs to 

be made. 

Source: Author 

9.2.3.5. Summary of selected parameters for performance measurement and prioritisation 

To sum up, the parameters that were selected for the prioritisation of the performance based on 

Link & Place framework can be summarised in Table 9-8. Applying these parameters ensures that 

the performance result will have a minimal number of ties.  

Table 9-8: Selection of parameters on different factors that involve prioritisation 

Factors affecting prioritisation Selected option 

Summation method RAL: red the amber then length priority 

Link & Place status weighting Equal weighting to all Link & Place status 

Indicator weighting model EI: Equal indicator weighting 

Indicator disaggregation OS: Overall score were used for sensitivity analysis. *   

Spatial disaggregation SL: Segment level 

* All three options (OS, TS and IS) could be applied, but TS: Thematic score and IS: Individual score will be used later in 

exploratory analysis of the priority for attention (Source: Author) 

9.2.4 Identify the ranking of priority for attention 

The use of the prioritisation method could be done in various levels of disaggregation. This section 

shows the implications of the prioritisation at different levels and explores the possibilities of 

using such data for decision making. 
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9.2.4.1. Implication of prioritisation on different levels of indicator disaggregation 

There are three different levels of indicator disaggregation that could be used to indicate the 

priority for attention.  

a. Overall score (OS) 

Road authorities may have a limited budget to spend on road investment. Revealing the overall 

indicator priority will help the road authorities to grasp the location of the road that needs to be 

addressed in terms of funding. The road authority would want to see which sections had the 

highest priority problem and allocate the funding to those sections.  

As illustrated in Figure 9-16, there are 3 groups of adjoining road sections located at top priority 

ranks: SP15.4-15.6 (947 m), SP16.6-16.12 (770 m), and SP16.36-16.38 (320 m). The result shows 

that the roads that need the most attention are the major 6-lane roads enveloping urban areas, 

while the roads that have the lowest priorities are situated in zones that have low place activities. 

 

Source: Author 

Figure 9-16: Overall performance of roads in the case study area 

b. Thematic score (TS) 

Thematic scoring investigates a more specific type of problem. It can help the authorities to use 

the OS level to identify which type of problem is prevalent. The thematic score may also help the 

authorities to identify the available solutions as well as the potential costs associated with them.  
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Continuing from the performance result in the OS level above, more details could be gained if 

looking further into the areas that have high priority. The breakdown of the degree of the problem 

in each theme per section can be used to view the performance in a specific area to come up with 

the scheme. This study investigated the distribution of problems among themes. To simplify the 

illustration of the degree of the problem, EI-WS model was applied, giving 2 points to red and 1 

point to amber, to sum up the basic degree of the problem in each theme. The result for the 

degree of the problem by theme for the three different groups of road sections identified is 

shown in Figure 9-17.  

 

Source: Author 

Figure 9-17: Breakdown of the thematic degree of the problem for the three groups of road sections that have high 
priority 
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To analyse which theme was the most prevalent, this study measured the average degree of the 

problem in each theme weighted by section length, as shown in Table 9-9. It is apparent that the 

main theme of the problem in group 1 includes P1, L2 and L2 and LP3 (tied), respectively. This 

information may help the road authorities to direct their resources on the prioritised road 

sections to the themes that have a high degree of problems.  

Table 9-9: Average degree of problem per section weighted by section length for each theme 

Average EI-WS  

Degree of Problem 
Group 1 Group 2 Group 3 

L1: Link movement 1.6 1.9 3.0 

L2: Link safety 5.0 6.0 4.0 

P1: Place movement 6.0 3.6 3.9 

P2: Place safety 2.0 0.6 2.3 

LP3: Environment 2.0 4.0 4.0 
Source: Author 

c. Specific indicator score (IS) 

The specific indicator score allows the planner to investigate the details of the actual root of the 

problem and suggest a relevant solution as well as estimate the cost of such a solution. 

Suppose planners are interested in solving the problems identified previously in group 2 and 

would like to investigate the root cause of the problem. It is possible to look at the degree of the 

problem from the underlying indicator on the theme that has the highest degree of problem that 

is L2: Link Safety, as shown in Figure 9-18. It shows that L2-1, L2-2 and L2-3 have the same impact 

on the degree of the problem (i.e. all reds), which does not help in deciding which problem should 

be solved first.  

 

Source: Author 

Figure 9-18: Breakdown of the degree of the problem on different  
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Further investigation on the performance of the underlying metrics under L2-1, L2-2, and L2-3, 

can be done, as shown in Table 9-10. 

Table 9-10: Underlying performance score for the metrics for L2: Link safety 

Underlying metric(s) Thresholds SP16.6 SP16.7 SP16.8 SP16.9 SP16.10 SP16.11 SP16.12 

(L2-1) Average illuminance on 

Carriageway 

DT: 30.0 
18.8 16.0 16.0 16.0 16.0 16.0 16.0 

LT: 21.5 

(L2-2) 85th Percentile speed 

(kph) 

DT: 50 
67 67 67 67 67 67 76 

LT: 60 

(L2-3) Number of vehicle 

accidents per MVK over the 

past three years 

DT: 49.22 

96.00 96.00 96.00 96.00 96.00 96.00 96.00 

LT: 50.28 

 Length (m) 231 237 50 100 50 35 67 
Source: Author 

The detailed performance metrics can help to generate options for a solution. For example, L2-1 

shows that the illuminance of the lighting is too low. To improve L2-1, authorities may increase 

lightbulb power or add more poles. L2-2 shows that the current speed is higher than the proposed 

limit. To improve L2-2, road authorities may install a speed limit sign, use a speed camera to 

enforce the speed limit, or use other traffic control solutions. L2-3 shows that there are too many 

occurrences of accidents. To improve L2-3, road authorities may provide safety measures such as 

installing traffic signs, enforcing speed limits by using speed cameras or reducing the number of 

MVK by providing additional traffic control measures. 

The solutions identified may incur a different amount of funding per kilometre. Further, different 

solutions may yield different rates of improvement in the performance metric represented. The 

estimation of cost and improvement could help planners to generate a benefit-cost ratio as 

evidence to support their decision. However, this study does not cover this aspect in detail. It 

could be a relevant topic for further study in the future. 

9.2.4.2. Exploratory analysis of priority and implications 

There can be other ways to explore the results of road performance by comparing the ranking or 

road performance with different criteria. 

a. Ranking comparison by different Link & Place status 

Grouping the performance result based on Link & Place status may be useful to check whether 

the result works according to the hypothesis. There are two contrasting factors contributing to 

the overall ranking: (1) the chance of getting the red and amber score and (2) the capability to 

solve the problem – which could relate to funding level. 
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Hypothesis H1: Higher Link & Place status have more problem 

The performance measurement thresholds' design has a general trend in favour of getting higher 

ranking from higher Link & Place status. The higher status has stricter thresholds of performance 

acceptability, making it easier to find the higher Link & Place status having more reds or ambers. 

A greater number of indicators applied to the higher Link status results in a greater chance of 

getting reds or ambers. Since the correct slope of the H1 trend cannot be identified until the 

distribution of ranking is investigated, this study assumes that the trend is linearly distributed by 

equal ranking per status, as shown in Figure 9-19. 

Hypothesis H2: Higher Link & Place status have fewer problems 

Attention is generally prioritised to the more important roads; thus, more funding (in terms of 

funding and technical capability) is focused on higher road status. This study assumes that the 

trend of H2 is linearly distributed by equal ranking per status, as shown in Figure 9-19. This only 

considers the distribution of funding among road authorities but does not imply the effectiveness 

of funding, which looks into the actual performance improvement per unit of funding spent. 

 

Source: Author 

Figure 9-19: Hypotheses for the trend of ranking distribution based on Link & Place status 

Result of actual ranking based on Link & Place status 

The average ranking for all road sections was computed per Link status and Place status. There 
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of ranking based on Link status, while the second was based on Place status.  

For the first test, two trends were observed from the result of average ranking, as observed from 

Figure 9-20. Link statuses I-III behaved more similarly to hypothesis H1: meaning that the higher 
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could imply equal distribution of funding on these statuses. On the other hand, higher Link status 

does not mean better treatment based on hypothesis H2. However, the average performance 

levels of Link IV-V are slightly dropped from Link III higher than Link III: meaning that the state of 

maintenance for Links IV-V was getting worse and could need more funding. 

 

Source: Author 

Figure 9-20: Average of priority ranking by Link status against the average hypothetical priority ranking of hypothesis 
H1 and H2 – rankings were ordered in reverse to signify the analysis of performance levels 

As observed from Figure 9-21, the performance trends in the second test follow hypothesis H1: 

meaning that the higher Place status has a higher degree of problem. Higher Place status does 

not mean better treatment based on hypothesis H2. Between Place C and D, the average 

performance levels are even: meaning that the funding could be distributed relatively evenly 

among these road statuses. 

 

Source: Author 

Figure 9-21: Average of priority ranking by Place status against the average hypothetical priority ranking of hypothesis 
H1 and H2 – rankings were ordered in reverse to signify the analysis of performance levels 
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Note that this observation only shows the results of the average ranking. There may be other 

factors that should be observed as well, such as variations of rankings. Furthermore, the ranking 

may not be an accurate measure of the degree of problem. There can be a case where the section 

that has priority ranking 1, 2, 3 has the number of reds at 10, 3, 2, respectively. The relative 

difference among these rankings is only 1 point, but the actual degree of the problem has a 

difference of 7 points between rank 1 and 2 and 1 point between rank 2 and 3. Thus, it could be 

more accurate to measure the sensitivity of Link & Place status with an average degree of problem 

that counts the number of reds directly.   

b. Ranking comparison by different ownership 

A trend observed from the stakeholder interviews is that different road authorities have different 

capabilities for managing the roads. When comparing the ranking based on the Link & Place 

status, the ownership might affect the ranking among Link status – as observed, Links I-III are 

generally owned by the central government, while Links IV-V are owned by LGOs.  

Although the result of average ranking among Link I-III indicates that there is good distribution of 

funding, Link II was not owned by a central authority in the case study area, but was transferred 

to the LGO. However, Link IV which have uncharacteristically high average ranking is indeed also 

owned by both central government (DRR) and LGO. This raised the question of how different 

owners actually fare against each other.  

The question above was tested by observing the general ranking by the type of authority. As 

shown in Table 9-11, it was found that DOH roads have the highest rank of the problem – in line 

with H1 - since it has a road with the highest Link level. On average, DRR roads have a much lower 

ranking than LGO roads. This leads to another question: does this trend also follow Link IV, in 

which both DRR and LGO roads are present?  

Table 9-11: Average priority ranking and composition of Link status by ownership 

Criteria DOH DRR LGO 

Average rank 36 94 59 

Link levels I III-IV II, IV-V 

Source: Author 

This study further investigated the ranking for both DRR and LGO on Link IV. In Table 9-12, it can 

be observed that the average ranking of LGO roads on Link IV is higher than DRR roads. This could 

imply that DRR roads generally have better performance than LGO roads, even in the same class. 

It also implies clear discrepancies in terms of maintenance levels between the central road 

authority and local authority.  
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Table 9-12: Average priority ranking of Link IV by DRR and LGO 

Criteria DRR LGO 

Link IV: avg. rank 105 42 

Link IV: no. of sections 23 13 

Source: Author 

To understand the causes behind the discrepancy of maintenance, this study compared the 

average priority ranking of LGO roads by Link status. In Table 9-13, it was found that the LGO has 

particularly poor roads on Link IV. Link II, while having the highest status of LGO roads, has 

comparatively low priority rank. This could mean that the LGO indeed may be able to work on the 

road with high status, but has exhausted its resources maintaining them, making the lower Link 

status roads become deteriorated. Thus, it may conclude that the LGO staff have enough 

capability in terms of maintenance, but may severely lacking funding to manage all roads under 

their responsibility. This result may mean that policymakers should allocate more funding to LGO 

roads or transfer the LGO roads that are a burden to their capacity. 

Table 9-13: Average priority ranking of roads owned by LGO by Link status 

Link status Average Rank 

Link II 60 

Link IV 42 

Link V 75 

Source: Author 

Although the result indicates a general direction towards such a conclusion, there are some 

inconsistencies within this comparison. The first cause could be because the number of sections 

that are on Link IV is imbalanced between DRR and LGOs. It could be that LGO roads in this area 

generally have a greater degree of the problem than average. To fully understand the cause, a 

full range of comparison is needed (i.e. investigate Link II that belongs to DOH, DRR, LGO; Link III 

that belongs to DOH, DRR, LGO). 

9.2.4.3. General implication of the prioritisation to funding allocation 

There can be two phases of general implications for the proposed prioritisation method: 

immediate use and future years. 

a. Immediate use of the method 

Prioritisation could help the road authorities to screen the road sections to be investigated in the 

future for a pre-allocated amount of funding. Although the prioritisation stage does not directly 

link to funding allocation because the steps for options generation and appraisal have yet to be 

decided, it could aid in the preparation of the budget for further stages (pre-allocation). Thus, the 

policymakers should set goals for road development which indicate the themes for performance 



Chapter 9: Case study application of performance measurement and prioritisation 

 

347 

measurement. The government does not have enough money to fix all its problems at once, so a 

fixed budget should be set for each theme of the problem annually over a period of time.  

Indicative cost per kilometre could be assigned to all roads that have a problem in a specific 

theme. Hence, an estimate of the cost per road section could be established. Road authorities 

could then select the road sections from the top priority until the fixed budget is exhausted into 

a list of road sections for further investigation steps.  

b. Future implications 

Once the performance measurement has been established, the government should have more 

understanding of the effectiveness of the funding under each scheme. The effectiveness of the 

funding could be in terms of delivery – which measures the success rate of the road delivery 

among authorities, road performance improvement – which uses funding spent per degree of 

problem improvement to indicate how well each type of scheme performs, and road performance 

sustainment – which monitors the level of road performance over time to indicate the 

effectiveness of funding for road maintenance. The trend in funding effectiveness is a feedback 

loop to help the government decide when and how to adjust the funding distribution. 

9.2.4.4. Further implications in scheme development 

The implication of prioritisation shows that the cost could be derived from the proposed solutions 

based on the identified problem. However, the decision could be made unless there are other 

choices available. Based on the interviews with stakeholders in Thailand, there are two types of 

schemes which the Link & Place performance measurement could help to develop: the roads 

upgrade scheme and maintenance scheme. This study discusses existing ways of development 

and propose the future development of schemes using Link & Place framework. 

a. Existing scheme development 

Road upgrades 

Upgraded schemes are medium-to-large-sized and require efforts in designing the roads and 

construction. A road is selected for an upgrade when it is aligned with the government policy. 

Policies could be corrective, such as traffic problem reduction, or developmental, such as tourism 

promotion. However, current policies lead to only a few options for road upgrade (e.g. 

carriageway widening). Once a road is selected for an upgrade, the available options are 

developed and appraised. The most preferred option is selected and considered in the fiscal 

budget for construction funding. 
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Road maintenance 

Maintenance schemes are relatively simple and are intended to correct minor problems or return 

deteriorated roads to their original form. The current method of fiscal budgeting for road 

maintenance funding is done by allocating a fixed amount of money to the road authority. The 

budget allocation for a subsequent year is based on the performance of the current year. If there 

is a greater performance deficiency, more budgeting could be allocated. This is also subject to 

the road authority’s efficiency in using the allocated funding to complete projects. 

b. Proposed future scheme development 

Road upgrade 

Link & Place PIs could be grouped in themes to set new goals for development or alignment with 

existing goals. Any selection of a road section for further consideration should be based on the 

priority ranking (primary contribution).  

Later, options could be suggested and appraised using Link & Place PIs. Using Link & Place PIs 

could potentially produce more options for road development. Since a road upgrade does not set 

the goal for a certain performance level, the appraisal should select the best option to yield the 

highest benefit per cost spent (CBA).  

Road maintenance 

Link & Place performance can be recorded at the time of delivery of a new road. Long-term 

monitoring of performance could indicate performance deterioration (or improvement) from the 

original state. The priority for attention designed to detect maintenance problems could aid in 

the decision to select a road section for the next stage (primary contribution). 

Later, several maintenance options could be proposed along with the costs for comparison. Since 

the goal of maintenance is to return the road to its original state, there is a target of performance 

level set out. Selection of the options should be based on long-term cost-effectiveness (CEA), 

though better options could have lower costs while producing long-lasting effects.  

Benefits for policymakers and funders 

Monitoring the performance of the road could help policymakers to create new policy options 

for road management. Comparing the performance levels with funding allocated to the road 

authority could help funders to evaluate the effectiveness of delivery. 
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9.3 Reflections 

9.3.1.1. Overall assessment of success 

Overall, the performance measurement was considered successful because the data collected in 

the real-world trial case study can be used to do the actual performance measurement and 

prioritisation for attention. It can be used to investigate the details for how different road sections 

perform based on the established performance indicators, themes and overall performance. If 

investigating the problem at the finest level of detail at the metric level, the decision-maker could 

make an informed decision for appropriate solutions. Moreover, policymakers could see the big 

picture of how different types of roads and different authorities perform when exploring the 

priority result further with the Link & Place status and ownership. 

The method could be applied to all authorities because Link & Place status can be used 

interchangeably for any type of road belonging to any authority. However, the authorities that 

could receive more benefits are those that operate within urban areas since the context-

dependent performance measurement system can work at full capacity.  

9.3.1.2. Things that could be improved 

a. Data collection 

From the experience gained in applying the performance measurement method to the case study 

area, it was found that the method still requires additional effort in terms of collecting and 

processing data. Data collection is a labour-intensive process that may increase the burden on 

the road authority staff already overloaded with various tasks. Hiring more surveyors is also a 

challenge since it is often difficult to find a younger workforce willing to work in the field.  

Data processing also requires considerable effort to create a different segmentation of 

performance. It is a highly time-consuming process, even when applied in a small-scale trial case 

study area, such as done in this study. This prompts for further improvement for both data 

collection and the data processing methods. Errors from data collection could be reduced using 

a tablet computer to assist the surveyors or use a machine, such as a mobile mapping system, to 

collect the data automatically. The time taken for data processing could be reduced by developing 

a computer algorithm to create road sections based on the surveyed data automatically. 

However, such automation requires high computational power and high investment costs, which 

might not be initially feasible on a large-scale. Further refinement in the coding and computation 

method may need to be accomplished to reduce computation complexity. 
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b. Performance measurement 

The performance measurement and prioritisation method could also be improved in many ways. 

First, the information retained for decisions would be more accurate and comparable by changing 

the way the problem is identified, such as using a more rigorous quantitative scale. A second 

improvement involves carefully considering the different options of factors that could produce 

sensitivity in the priority ranking, such as different ways of weighting and different ways of 

considering the degree of problem summation. Moreover, the priority result may need to be 

validated with the stakeholders to ensure selection of the most preferred method. 

9.3.1.3. Future development 

The developed performance measurement method is the initial step in establishing the appraisal 

system. Developing the problem into a relevant scheme and creating a mechanism for comparing 

different options are some potential further developments. The scheme and cost could be 

identified from the information provided by different metrics. Further study could be done to 

measure the improvement of a different scheme to the original metric to measure the benefit. 

Cost and benefits information will allow planners to quickly assess the options that are the most 

feasible. 
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 Reactions of stakeholders 

Reactions of stakeholders  

 

10.1. Preparations 

The developed Link and Place classification method was applied for the administrative 

arrangement and performance measurement of the case study area in Thailand. This chapter 

describes the feedback from relevant stakeholders working for road authorities in Thailand to 

validate the proposed methodology on Link and Place classification as well as its application.  

Feedback was collected based on the reactions of relevant interviewees. The interviewees 

comprised a select group of central and regional government officials working in policymaking 

and road authority agencies. The interviews were done voluntarily. Prior to the meetings, letters 

were sent with introductory information about the study and a list of questions to gain permission 

for the interviews. During the interviews, the interviewees were advised that they were being 

recorded and that their names and titles would remain anonymous. They were also advised that 

they could ask to stop and remove any part of the record if they felt uncomfortable.  

Although interviews with government officials concerning anonymised records and data sets that 

exist in the public domain are not subject to UCL ethics review, the researcher proactively 

consulted these concerns with an academic supervisor and carefully laid out the questions to be 

clear of any sensitive information to prevent any unintended infringement. 

10.1.1.1. List of interviewees 

As shown in Table 10-1, 20 interview sessions were conducted with 26 professionals from related 

authorities. The codes for the references consist of one first letter, two middle numbers, and one 

last letter. The first letter indicates the type of government authority (P: Policymakers, H: DOH, 

R: DRR, and L: LGOs). The middle number indicates the session order in chronological order, while 

the last letter shows the position of the interviewee (M: Management, A: Analyst, or E: Engineer). 

One session may involve more than one interviewee, which is indicated by the same middle 

number with different interviewee positions. 
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Table 10-1: Details of interview sessions and participants 

Type of 

interviewee 

Name of government authority Number of 

professionals 

interviewed 

Position Interviewee code 

Policymakers Office of the National Economic 

and Social Development Council 

(NESDC) 

2 - Management 

- Analyst 

P06M, P06A 

Ministry of Transport (MOT) 2 - Management 

- Analyst 

P15M, P15A 

Office of Transport and Traffic 

Policy and Planning (OTP) 

2 - Management 

- Analyst 

P14M, P14A 

Road 

authorities 

Department of Highways (DOH) 3 - Management H04M, H13M, H19M 

Department of Rural Roads 

(DRR) 

12 - Management 

- Engineer 

R01M, R01E, R02M, R03M, 

R05M, R07M, R08M, R09M, 

R10E, R11M, R11E, R17M 

Local authorities (LGOs) 5 - Management 

- Engineer 

L12E, L16M, L16E, L18M, 

L20M 

Source: author 

10.1.1.2. Method of interviews  

Prior to the meeting, the researcher sent the interviewees fact sheets concerning the Link & Place 

methodology, the introduction for the applications in funding and ownership, and the 

performance measurement system (see Appendix L).  

Information from the factsheets was also summarised during the meeting. The researcher then 

asked the interviewees if they required clarification on the factsheets before proceeding to the 

interview sessions.  During the interview sessions, questions were asked relating to the fact sheets 

provided.  

The topics and questions related are focused on different types of stakeholders, as shown in  

Table 10-2. This is dependent on the relevancy to their professions, roles and experience. For 

example, policymakers and managers will be more inclined to offer opinions on topics relating to 

administrative arrangement applications, while practitioners tend to be more interested in the 

applications of performance measurement. 
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Table 10-2: Matching of the interview questions to stakeholder groups 

Topic / Question Policymakers Practitioners 

M
an

ag
em

en
t 

A
na

ly
st

 

M
an

ag
em

en
t 

En
gi

ne
er

 

Topic 1: Reactions to Link & Place classification     

1.1: Link classification method 

❖ Do you think that it makes sense to classify Link into five levels from national to 

local levels? 

❖ Do you think it makes sense to classify the destinations from national to local 

levels? 

*** * *** * 

1.2: Place classification method 

❖ Do you think it makes sense to classify the places from national to local levels? 

❖ Do you think the types of places make sense? 

❖ Within each type of place, do you think that the significance of the place is 

appropriately defined? 

*** * *** * 

1.3: Other general implications of Link & Place classification method 

❖ Do you think the principle for classifying the road based on the Link and Place 

function makes sense?  

❖ What potential difficulties could be foreseen when doing the classification this 

way? 

*** * *** * 

Topic 2: Reactions to the application of road administrative arrangement     

2.1: Road ownership arrangement  

❖ Do you think it is sensible to relate road ownership to the Link level? 

❖ Having concluded that it is sensible, has the right approach been chosen to 

allocate links to the owner? 

*** *** *** * 

2.2: Road funding allocation structure 

❖ Do you think that the proposed method for funding using owner’s money for 

their own Link and Place E makes sense? 

❖ Do you think that it makes sense to use additional funding from other place 

custodians? 

❖ Do you think that the proposed level of custody according to Place status makes 

sense? 

❖ Do you think that the authorities who represent the place custodian for each 

land use type are appropriate? 

*** *** *** * 

2.3: Other general implications 

❖ Do you have any concerns regarding the potential impact (positive and 

negatives) from the use of Link & Place for road ownership arrangements and 

funding allocation? 

❖ Can you think of any other implications for the government? 

*** *** *** * 

*** Core stakeholder question, * Not a core stakeholder question/may provide feedback when mentioning the topic 
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Topic / Question Policymakers Practitioners 

M
an

ag
em

en
t 

A
na

ly
st

 

M
an

ag
em

en
t 

En
gi

ne
er

 

Topic 3: Reactions to performance measurement and prioritisation     

3.1: Performance indicators  

❖ Do you agree that these six themes for objectives are important for the context 

of transport development in Thailand? 

❖ Do you think that these proposed indicators are relevant to the themes? 

❖ Do you think these metrics are relevant to the performance indicators? 

❖ Do you think that adequate data is available for these metrics? 

❖ If not, do you have any suggestions for alternative/supplementary data? 

*** *** *** *** 

3.2: Performance measurement method 

❖ What do you think about the rating for red/amber/green?  

❖ Do you agree with using DT and LT for the acceptability thresholds?  

❖ Do you agree with the criteria to determine the DT and LT? 

❖ Do you agree that the DT and LT thresholds should be varied based on the Link 

& Place status and land use context? 

* * *** *** 

3.3: Prioritisation for attention method 

❖ What do you think about the proposed approach for prioritisation of the 

problem, which may be more rigorous than what you have now? 

❖ For problem identification, which approach would you use to prioritise the 

problem?  

A. Count all positives and negatives 

B. Count only negatives 

❖ When you identify the performance gap, do you consider the red negative score 

as having more weight than amber (e.g. red has two times of amber weight) or 

the red as having absolute priority? 

❖ Should we give different weightings for different types of problems and road 

status? 

* * *** *** 

3.4: Practical suggestions on performance measurement 

❖ Are there any suggestions for the application of performance measurement 

using Link & Place? 

*** *** *** *** 

*** Core stakeholder question, * Not a core stakeholder question/may provide feedback when mentioning the topic 

During the interviews, voice recordings were transcribed using the Thai language before being 

classified into subtopics using Nvivo. Then, the researcher summarised the key points from each 

topic and translated them into English. The reactions and suggestions are categorised into four 

topics, as shown previously in Table 10-2, which comprise: (i) reactions to Link & Place 

classification, (ii) reactions to application on road administrative arrangement, (iii) reactions to 

performance measurement and prioritisation, and (iv) other suggestions. 

The next sections show a summary of the results from stakeholders’ reactions. Note that the 

interviews were completed prior to getting the final performance measurement results. Hence, 

the reactions to the performance measurement concern the proposed methodology, not the 

results of applications to the case study. 
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10.2. Reactions and suggestions from stakeholders on Link and Place Classification 

Proposed method for Link & Place classification in Chapter 6 

 

Many participants agreed that 5 levels of Link & Place are appropriate [R07M, R09M, H13M, 

L16M, H19M]. An interviewee from DOH believes that this is because “they are similar to the road 

system used in Thailand” [H13M]. While some expressed uncertainty, they [R02M] said, “It is 

acceptable to start with 5 levels of Link & place. In the future, I can assess the outcome and make 

modifications.”  

However, there seems to be a misconception among the road planners who mistook traditional 

mobility and access classification method with Link & Place. The mobility and access method 

considers a trade-off between the vehicle movement and access functions. The concept of Link 

& Place entails recognising the importance of the road based on the context of use. If both Link 

& Place are significant, the road needs to recognise the need for both Link and Place users. An 

example of a misconception was perceived from one interviewee, who said: “Link & Place does 

not make sense because it separates the inseparable mobility function and access function,” 

[R01E].  

  

• Link & Place is a road classification system that reflect the functional requirement 
of the road for all users' activities on the carriageway and at the roadside

• Roads can be classified into 5 classes of Link and 5 classes of Place statuses, 
resulting in 25 cells of Link & Place status matrix
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I-B I-C I-D I-E
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III-A III-B III-C III-D III-E

IV-A IV-B IV-C IV-D IV-E

V-A V-B V-C V-D V-E

• Link & Place significance 
is represented by 
variations of icon colours
and the alphanumeric 
values e.g. I-A means Link 
I and Place A which is the 
road that has the 
requirement for top level 
of Link and Place function

Link I / Place A Link II / Place B Link III / Place C Link IV / Place D Link V / Place E

National level Provincial level District level Subdistrict level Local level

I-EI-E

Place status is indicated as a colour 
outside the road classification icon

Link status is 
indicated as a 
colour inside a road 
classification icon

Roman numerals and English letters 
indicate the classes of Link & Place 
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10.2.1. Link classification method 

Proposed Link classification method in Chapter 6 

 

A general view among interviewees was that the Link classification seems to be similar to the 

method that is already used for road classification in Thailand. The use of trade volume across 

the border as a metric to determine the importance of the border checkpoints seems to work as 

confirmed by a DRR official [R03M]. Furthermore, the use of traffic volume to determine the 

importance of Link gets approval among interviewees [H04M, P06M, H19M]. 

There are a few additional suggestions for the methodology of Link classification, as follows. 

a. Quantification of Link destination 

Contrary to the proposed method using the connectivity between important destinations to 

determine the Link status, there are some suggestions that the destinations should be 

quantifiable. “I suggest plotting all the points of interest nodes on a map. Then, overlay the roads 

on the map and count the number quantifiers of nodes alongside (e.g. the number of beds in a 

hospital). The greater the number of quantifiers alongside, the higher the importance of the Link 

status,” said one DRR interviewee [R01M].  

b. Types of destinations 

Many interviewees also suggested that there could be various interpretations for the Link type 

depending on the type of destination such as security, trade, production, and feeder to other 

Step 1: classifying destinations

Step 2: define the desire lines Step 3: route selection

The destinations for Link classification are the place of significant trip generators and attractors such 
as city, ports and airports.

The desire lines are the direct lines between a pair 
of destinations in each respective level of 
significant. The desire lines can be created from 
the shortest paths, or minimum spanning tree to 
prevent a construction of unnecessary lines.

The actual route is selected from the existing 
road network. The criteria for the tie breaker 
are considering the criticality of route, 
continuity, road capacity and vehicle 
composition. 
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• Cities of national significance
• National border checkpoints
• National ports
• National airports

• Cities of regional/provincial 
significance

• Regional/provincial border 
checkpoints

• Regional/provincial ports
• Regional/provincial airports

• Towns of district significance
• District level border checkpoints
• Ports of subprovincial significance
• Airports of subprovincial significance

• Towns of subdistrict 
significance

• Border checkpoints of 
subdistrict significance

• Other towns / villages
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transportation modes [R01E, R03M, R05M, P06M, R07M, R17M]. For instance, a policymaker 

[P06M] suggested that identifying the roads that feed traffic to the railway system could support 

the national goal to make the railway system a transportation pillar. Another DRR manager 

[R03M] also suggested that trade could be improved when designating international highway 

network, which could be identified from the routes that connect international border 

checkpoints.  

10.2.2. Place classification method 

Proposed Place classification criteria in Chapter 6 

 

Overall, many interviewees believe that using type of land uses for place status identification is 

sensible [R05M, P14M, P15A, L18M, H19M]. However, some interviewees misunderstood the 

concept of Place status as a destination since both concern the significance of the place. As 

revealed from a response when asking about whether the type of land use for Place classification 

makes sense, the stakeholder gave an answer based on the type of road and the destinations it 

connects instead of answering about what types of land uses are expected from the roadside. 

“There should be three roles for the road: logistics, tourism and social services,” answered a 

manager from DRR [R05M].  

There are some other suggestions related to the adjustment of Place classification methodology 

as shown next. 

Type of land use
Place A 

(National)
Place B 

(Regional/Provincial)

Place C 
(District)

Place D 
(Subdistrict)

Place E 
(Local)

Conservation/ 
recreational

National Park Zoo Public park Small Recreational 
Ground

Tourism/Culture
International 
Tourist Attraction

Urban Tourist 
Attraction

Rural Tourist 
Attraction

Religious 
establishment

Architectural quality 
of  the building

World heritage site
Royal palace

Old town area Local conservation 
area

Street pattern of 
higher quality

Business/Retail
International retail 
district

Major department 
store

City centre business 
zone

Local Small business 
zone

Abandoned sites

Production Industrial zone Warehouse zone Office building Agriculture area

Civic
National 
government office

Provincial 
government office

District government 
office

Local government 
office

Residential
High-rise 
condominium

Other residential 
area

Transportation/ 
Immigration

Major port / airport Inter-provincial bus 
terminal

Other transport 
stations

immigration office

The significance and context of land use are used to define different type of places . Each cell in the table below 
show the examples of the premises that represent in each land use type and place status. 
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a. Land use types and colouring 

Some road authorities were doubtful that the types of land use identified in the Link & Place 

classification system can reflect all types of land use in Thailand [R01M]. Some are confused with 

the colouring used in this study as it does not seem to reflect the colouring of the land use based 

on Thai standards [L20M].  

It has been suggested that the types and colouring of land use may be compared against the land 

use map produced by the Department of Public Works and Town & Country Planning (DPT). “If 

you use the colours similar to the land use map produced by DPT, it would help to better 

communicate with all parties involved in infrastructure development in Thailand”, said a manager 

from an LGO [L20M].  

b. Place status carrying development expectation  

Interviewees observed that, while the criteria for the Place classification are based on the 

significance of Place, it does not carry the development potential with it. For example, the Place 

status A on conservation land use bans all development, whereas the commercial land use with 

status A encourages a high level of development. Some DRR managers and policymakers [R05M, 

P06M] suggested that it would be more consistent if the Place status carries the development 

expectation of the road, as stated by a policymaker [P06M] that: 

“When I look at Place status, I relate it to the level of trip generation and attraction. However, 

Place A for conservation, which is national parks, does not follow the same development as other 

types of land use with Place status A. This will confuse the planners when they prioritise the road 

(for funding).” 

10.2.3. Other general implications of Link & Place classification  

a. Segmentation of Link & Place 

Although the segmentation of Link & Place is based on the actual change of status, one 

policymaker [P06M] suggested that the segmentation should be based on practical use by the 

road authority. The practical segmentation was also mentioned by an LGO engineer [L16E] that 

“in practice, a fixed segment length of 300 m is usually applied.”  

b. Updates of Link & Place 

The land use development in some areas may be changing quickly which make the initial 

classification of Link & Place status become obsolete. Some interviewees in Chiang Mai [L12E, 

H13M] who have experienced such rapid development suggest that Link & Place status should be 
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frequently updated.  It has been suggested that the update could take place at the range of every 

3-5 years [L12E, H19M].  

The reclassification task could be tedious. Some road authority interviewees [H13M] worry that 

it will become too much of a burden. They may need a third party to help reclassify. “It might be 

possible to let the land developer update the Place status once the new development takes place,” 

said a DOH manager [H19M]. However, the local authority officials do not seem to get bogged 

down by such prospect. They [L12E] believe that they can do the task themselves as they are 

more familiar with the local land use. 

10.2.4. Author’s view on stakeholder suggestions to Link & Place classification method 

a. Link & Place concept needs clarification 

There were some suggestions that while seem to make sense, they need more clarifications due 

to misconception. 

First, there seems to be some misunderstanding concerning the Link & Place concept with 

mobility and access concept, which makes it difficult for stakeholders to fully understand the 

implications of the proposed method. The solutions from Link & Place method may not only 

provide space for vehicles in terms of movement and access functions, but to find other ways to 

accommodate needs for wider users on the limited road space such as allocating space for public 

transport users for higher mobility throughput.  

Second, it can be inferred that the concept of Place needs to be reiterated to clarify any doubts 

among the stakeholders prior to actual implementation. Some interviewees assume that a 

significant Link also harbours a significant Place. This means that the demand for Link users is 

higher on the road that has a greater number of significant Place, intensifying the needs for 

provision for Link users (e.g. cars). It will make road development in a similar trajectory to the 

previous development paradigm, which focuses on car users.  

Third, while it might be convenient to use Place status to specify the level of funding needed for 

development, the priority for funding considers the desired performance level that is not only 

dependent to Place status and land use type, but also Link status. Since both processes offer 

different implications, it is recommended that the planners use the prioritisation step for funding, 

rather than using Place status as a proxy.  

Lastly, the suggested use of a fixed length imposed by road authorities may not fit with the 

implications of the Link & Place concept. This is because Link & Place status and land-use type 
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changes are non-uniform. However, there are several simplification steps in Chapter 6 which may 

reduce the number of segmentations to a manageable level. 

b. Suggestions to put forward 

There are some suggestions that could be useful to the implications of Link & Place if put forward 

as follows. 

First, adding types of Link could add more functionality to the Link & Place classification. It would 

be useful to break down the Link into another level depending on the types of destination, which 

allows the road authorities to plan the road infrastructure and services according to the desired 

function. However, this may add complexities to the performance measurement system, which 

would need to be adjusted accordingly. 

Second, it might be practical to appoint LGO as the main contact for the update of Place status. 

There may be two cases of update which are done: (i) by a private developer informing the LGOs 

about the change after any modification to the land use, and (ii) by LGO periodically every 3-5 

years. For the Link status update, the same method could be applied, such as the owner (i.e. DOH, 

DRR, LGOs) being the main contact. Similarly, Link status is updated (i) by the contractor informing 

the road owner for the change after any modification to the road, and (ii) by the owner 

periodically every 3-5 years. 

10.3. Reactions and suggestions from stakeholders on administrative arrangements 

10.3.1. Road ownership arrangement method 

Proposed Link & Place matrix for administrative arrangement in Chapter 7 
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I-B I-C I-DI-A I-E

I-B I-C I-DI-A I-E

I-B I-C I-DI-A I-E

I-B I-C I-D I-E

II-A II-B II-C II-D II-E

III-A III-B III-C III-D III-E

IV-A IV-B IV-C IV-D IV-E

V-A V-B V-C V-D V-E

Maximum funding contributed for Place A 
by national level place custodians

Maximum funding contributed for Place B 
by provincial level place custodians

Maximum funding contributed for Place C 
by district level place custodians

Maximum funding contributed for Place D 
by sub-district level place custodians

Maximum funding contributed for Place E 
by owner according to Link status

Link I owner (i.e. DOH)

Link V owner (i.e. LGOs)

Link II owner (i.e. DOH)

Link III owner (i.e. DRR)

Link IV owner (i.e. LGOs)
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Overall, interviewees feel that using Link status to define ownership makes sense [P14M]. Whilst 

believing that using Link status to identify the owner is a better idea, road authorities still feel 

that this problem is not an urgent issue. DRR management [R02M] feels that, in practice, the 

ownership rearrangement rule based on Link status may not need to be strictly applied “because 

that will create conflict between different parties. If the road authorities who own the road can 

provide an adequate standard of maintenance for the assets and are happy to work on them, they 

should maintain ownership.” 

Some interviewees [R02M, R05M] believe that the method should somehow be modified to 

follow the political boundary definition by the Office for the Decentralisation to the Local 

Government Organisation Committee (ODLOC), as shown in Box 10-1. 

Box 10-1: ODLOC Ownership arrangement criteria 

• The roads that start and end within the SAO or MPO boundary belong to that SAO and MPO.  

• The roads that start and end within the province boundary and passing many SAOs or MPOs belong to PAO.   

• The roads that have influence over one province belong to the central road authority. 

When asked if it would be helpful for proposing Link & Place as a new method for ODLOC to be 

followed, the interviewees [R05M] declined such proposal, answering that “ODLOC would base 

their decisions on their own definition and could use Link & Place criteria to judge any 

complications.” “For example, in the case of a dispute when no authorities want to take care of 

the road and want to reach an agreement,” said another DRR official [R02M].  

10.3.2. Road funding allocation structure 

Proposed road funding structure in Chapter 7 

 

Place Status Place custodian

Place A Relevant national government bodies operating centrally

Place B Relevant national government bodies operating provincially
Place C Provincial level LGOs (i.e. PAO)
Place D Sub-provincial level LGOs (i.e. SAO and MPOs)
Place E Link funder

Link cost
Paid by owner

Owner pays Link cost 
and cost for Place E

Place E cost
Paid by owner 

Additional 
cost over 
Place E 

Third-party ‘place 
custodian’ pays 
additional Place cost 
over level E

Proposed funding structure

Link Status Link Funder / Owner
Link I DOH
Link II DOH
Link III DRR
Link IV LGOs
Link V LGOs
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Several DOH field managers [H04M, H13M, H19M] have shown interest in the prospect of using 

Place for administrative arrangement. Some [H04M, H19M] believe that the central management 

only emphasises the funding on the Link, but there are roads that pass into the built-up areas that 

require more funding on the Place infrastructure. DRR management who came across the 

maintenance funding sharing system that had been used during the 1980s (i.e. 80% central 

government and 20% local government contributions) agree that the local government should 

have some involvement in Place infrastructure [R07M].  

At the same time, the idea of a place custodian, who helps to partially fund the roadside 

amenities, has met serious opposition from Thai road authorities and policymakers, who are 

mostly engineers [R01M, R02M, R05M, R08M, R11M, R11E P14M, P15A]. Many insisted that 

there has never been a case where the local authority offered to fund the roads belonging to the 

central government [R02M, L20M]. They feared that compromising the carriageway space with 

Place infrastructure may put them in a bad position and attract criticisms from the public [R02M]. 

Shared funding also creates conflict between different authorities in decision making, which 

would delay the project. In fact, DRR management [R05M] said that “if the Place custodian is 

unwilling to contribute, it may indefinitely delay the project.”  

10.3.3. Concerns and suggestions on ownership and funding arrangements 

There were many complications that triggered concern among the road authorities as follows. 

a. Revenue structure 

The existing revenue structure does not seem to recognise the presence of wider road users. 

Road authorities and local authorities alike have provided an interesting observation in that, 

currently, the main source of revenue collected by the LGOs is vehicle tax [R05M, L20M]. The land 

tax, while it may be a primary source of revenue for Place development, would generate relatively 

little funding [R02M, R05M, R07M]. This means it would not be fair to fund roads for wider users 

unless there was a strong presence of Place revenue.  

“I think providing more footway has no effect at all on attracting more revenue from the LGO. If 

you look at the tax structure, the main source comes from the vehicle tax”, said a senior 

management member from DRR [R05M]. They further explained that “there is no guarantee that 

developing footways will attract people to businesses. I have seen many times when there is no 

land use development after a road is built. This is because the local government does not invest 

directly in the business—that is the private developer’s task.” With this interpretation, they 

concluded that instead of asking the local authority to be the Place Custodian, letting the private 

developer fund the Place infrastructure would be a more sensible solution. 
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This expands the understanding that the proposed method to let the private developer fund the 

road might be useful in the case that the road has been upgraded to a higher Place status as a 

result of their development. However, this implication might only apply to a case wherein a road 

is built in undeveloped lands—which is Place E under the Link & Place definition. 

Meanwhile, the new land and property tax, which aims to create more substantial revenue for 

the local government, was just recently introduced in 2019. An interviewee perceived that this 

will incentivise the Place funding by collecting more taxes from the premises on the road that has 

Place status higher than level E [R05M]. Yet, the impact remains to be seen as of the time of this 

study. 

According to the fairness of revenue usage, an interviewee from DRR [R01M] suggested that the 

rule to determine the owner of a road should be based on the main users of that road. It should 

be fair that the owner manages the road that serves its users within a respective administrative 

boundary.  

“The central government should work on the roads that mainly serve a vehicle movement function. 

If the design includes a footway, it will create conflict for vehicle movement. Thus, the part of Link 

I that runs through the city may be used by more intra-city users than inter-city users. Therefore, 

it should make more sense to let the local authorities own this part of the road,” said a DRR 

interviewee [R01M]. 

Whilst believing that the roads passing urban settlements need to be transferred to the LGOs, it 

might not be sustainable. DRR management [R02M] conceded that “in the long run, this may 

create urban sprawl and require the road authority to build more bypasses.”  

Stakeholder solution #1: It can be inferred that all parts of the roads with Place A-D should be 

owned by LGOs, while letting DOH and DRR own roads with Place E only.  

“It makes more sense for the central road authority to transfer the whole segment (both Link and 

Place) to the local authority then build a new road bypassing the city with the previously designed 

Link level,” said the DRR management [R02M]. 

b. Capacity and legal limits of LGOs 

Policymakers and road authorities are not convinced that the local authorities have enough 

capacity to help fund the Place [P15A, H19M, R05M]. Based on their experience, it is apparent 

that the roads belonging to the local authority get relatively lower quality work compared to the 

work done by the central road authority [H04M, P14M, H19M].  
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“The local authority has recently asked our team to inspect their roads. I found out that the LGO 

roads are poorly built. So, I believe that the skills of the local authority in road building fail to meet 

an acceptable level,” said one DOH manager [H04M]. 

The interviewees mentioned two likely causes for the low-quality roads produced by LGOs. The 

first cause is because of the low number of staffers; there may not be an adequate pool of 

specialists to deal with complex problems. DRR field management said that they had seen many 

LGOs that had only one engineer, or even worse, only administrative staff to manage their 

infrastructure [R17M].  

For this reason, it has been a concern that the quality of road design may be jeopardised due to 

the influence of funding by LGOs as a third-party. To prevent such a problem, a DOH official 

[H19M] suggested that “the design standards from the authority who is the owner of the road 

should be used.” 

Another cause is the inadequate funding that the LGO had. “I think the funding capacity of small 

LGOs is insufficient for investing in the roads. Their funds could only support a portion of road 

building, not the full length,” said one member of the DOH management [H13M].” 

On the other hand, the central government holds almost all the funding required to fund the 

road, making the funding contribution from the local government insignificant. Citing an example 

from the funding for the traffic light at an intersection nearby, an engineer from DRR [R11E] 

stated that “the local authority that is responsible for that road never get enough funding to fix it. 

Recently, they could fund it only because the central government provided emergency aid during 

the transport minister’s visit.” 

The legal procedure is also a hassle for Place custodian funding. Existing protocols make it easier 

for the road authorities to fund their own assets, but do not automatically permit funding from 

third-parties.  

“If the residents need a drainage expansion on the national roads due to flooding, it is the 

responsibility of the local authority to quickly resolve the issue. Because of the current procedure, 

however, we must ask for permission with the proposed design modification to the owner (DOH) 

before we can start working on it. This process takes time and limits our ability to resolve the 

issues,” said an LGO management member [L20M]. 

The interviewees from LGOs [L12E, L18M] told that if the LGO failed to report the use of money 

beforehand, they might risk facing a penalty. Moreover, the use of LGO money to fund 

infrastructure that does not belong to them seems to be impossible.  
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“We have never been able to do any modification to the infrastructure that belongs to the road 

authority, even if the intention is to express the local identity, such as decorating the lighting poles 

with decorative swans. The current government auditing system is strict if using the money to fund 

any infrastructure that does not belong to us because we may be suspected of improperly using 

that money,” said one LGO engineer [L12E]. 

Stakeholder solution #2: Since the skill, funding capacity and legal power of road authorities are 

superior to local governments, it has been suggested that all roads should belong to the central 

government.  

“Links I-II should belong to DOH, while Links III-V belongs to DRR. The local authority may, at some 

level, use the revenue to help fund the Place for Links III-V,” suggested a DOH management 

member [H04M].   

c. Capacity of central road authorities 

Even though the central government might be able to fund the entire road infrastructure, they 

will struggle to find enough staff to continually maintain it [R17M]. It has been mentioned from 

the several road authority interviewees that they are unable to deal with day-to-day problems 

arise from the use of Place infrastructure.  On the other hand, the local government works more 

closely with the localities and thus may be better equipped to carry out these tasks [R08M, R09M, 

H13M, R17M, H19M]. Thus, including LGOs in road management is still beneficial. 

Many DOH and DRR officials suggested that the proposed structure for administrative 

arrangement with Place custodian could work if the tasks are delegated rather than sharing the 

funding [R07M, R08M, R09M, H04M, H13M, H19M]. They reasoned that it would be more useful 

if the authorities worked together to provide what the people needed than just supplying without 

any maintenance [R17M, L12E]. 

The incentive for the maintenance Place funding to work is the Place for maintenance should 

attract revenue [R08M]. Tourism land use and commercial land use will attract local government 

funding because parking and market stall rental fees can be collected [R08M]. A nice-looking 

Place will also increase the LGO governor’s popularity in the localities and will help in terms of re-

election in the future [R08M]. 

It has been mentioned previously that the existing legal power gives priority to the central road 

authorities, which undermines the LGOs capability to provide immediate maintenance services. 

Fortunately, there is a protocol available for shared responsibility in the form of a Memorandum 
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of Understanding (MOU) [L12E, P15A, L16M, R17M, L20M]. The MOU could be signed between 

the central and local governments as an agreement to work together. 

The forms of MOU currently in use include those in which the central road authorities delegate 

responsibility for maintenance tasks to LGOs [R17M, H19M]. According to the interviews, 

maintenance tasks can be categorised into two groups: (i) infrastructure maintenance (e.g. fixing 

the footway) and (ii) general management of the Place infrastructure (e.g. overall cleanliness, 

clearing grass, utilities installation and maintenance, dealing with the intrusion of public space by 

building frontage and food stalls).  

As agreed by both central and local government interviewees [R07M, R08M, L12E, H19M], the 

tasks in (i) should belong to the road owner in order to conform with existing laws requiring the 

local authority to ask for permission when carrying out any adjustment to central government 

assets. On the other hand, the tasks in (ii), which require less funding and more manpower with 

lower skills, could be the local government’s responsibility.  

Several DRR managers suggested that tasks could be delegated based on the function of the road 

and land use [R03M, R09M]. They gave an example by citing the case of 'Burapha Chonlathit Road' 

for tourism. Currently, the central road authority is responsible for building the road, footway and 

required safety facilities, while the local authority maintains the rest area facilities such as 

shelters, local trade zone, toilets, and landscaping [R03M, R09M].  

To further enhance the management of such areas, the interviewees from DRR suggested that 

the related central government department and local authorities may provide functional 

contributions that are tailored to the strengths of Places [R03M, R09M]. They recommended that 

the local governments are more suitable for managing the trade zones and finding local traders 

who are specialised in the sale of local products. To improve trade and tourism, a central tourism 

promotion agency, such as the Tourism Authority, could help advertise the products that are 

unique to the areas.  

Stakeholder solution #3: Maintain the author’s proposed ownership arrangement with a minor role 

of Place custodians on Place maintenance responsibility. This is to counter existing legal power 

limitation of LGOS who may not be able to fund the roads belonging to the central government, while 

letting them work on the minor maintenance tasks that correspond to their strengths.  

10.3.4. Author’s view on stakeholder suggestions for administrative arrangements 

Based on the three suggested solutions from the interviewees, it can be concluded that solution 

#3 is by far the best solution. Solution #1, which transfers all road segments to be wholly funded 
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by the owner, is unsustainable and creates a burden on the LGO, which receives only a part of 

the national road that passes through its area. Solution #2, while eliminating LGOs from the 

administrative arrangement, might not be practical due to the central government’s inability to 

provide day-to-day services for the various problems that stem from the use of local road users. 

Solution #3 is a more balanced approach as it proposes tasks delegation according to an 

agreement between the owner and Place custodian, which allows the specific LGO to work to its 

strengths while relieving the central road authority of tasks it is not specialised to do. 

Although solution #3 is the most suitable, a trial case study should be performed and assessed 

for any complications to ensure practicality. The most pressing concern is that the MOU 

agreement needs to be negotiated individually with each LGO, which could be a logistical burden 

for the central road authorities.  

10.4. Reactions and suggestions from stakeholders on problem identification and 

prioritisation methods 

The interviews concerning the reactions to problem identification and prioritisation were done 

before actual implementation in the case study. This section discusses the different options for 

performance measurement, problem identification and prioritisation methods, which the authors 

discussed with the relevant stakeholders. 

10.4.1. Performance indicators 

Proposed performance indicators in Chapter 8 

 

Most interviewees agreed with the proposed themes of indicators (i.e. movement, safety, and 

environment). Some additional reactions are discussed in the topics for objectives of PIs and 

performance metrics. 

Theme Key indicator
Indicator

Overall symptom User experience Adequacy of provision

Movement L1 Link movement L1-1 Link delays L1-2 Link surface 

condition

L1-3 Link movement 

capacity

P1 Place movement P1-1 Place delays P1-2 Place surface 

condition

P1-3 Place movement 

capacity

Safety L2 Link safety L2-1 Link accident risk L2-2 Link user exposure 

to accident risk

L2-3 Link safety 

infrastructure

P2 Place safety P2-2 Place accident risk P2-2 Place user 

exposure to accident risk

P2-3 Place safety 

infrastructure

Environment LP3 Link & Place 

environment

LP3-1 Link & Place 

noise pollution

LP3-2 Link & Place air 

pollution

N/A
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10.4.1.1. Objectives of the performance indicators 

Setting the objective of Link & Place performance measurement for sustainable transport seems 

to fit the context of solving the transport problems in Thailand. One interviewee [R11M] stated 

that “the current trend for road development encourages car use. In residential areas, a large road 

has cut the community out.” 

Even though the goals for the indicators are to move towards sustainable development, one 

policymaker [P06M] was concerned that the selected indicators did not fully address the roles of 

the roads that support sustainable transport. “Particularly, the omission of the sustainable modes 

themes and public realm is a concern that the road development will stay in the same direction as 

before.” Hence, it has also been suggested that the goals for road development should encourage 

alternative modes, such as the use of public transport. Moreover, Link & Place may need to adapt 

to different development goals for the local and national governments to be tailored to the needs 

of users. One LGO interviewee [L12E] explained that “the objective of local and national 

governments may not coincide because the central government follows the national policy, while 

the local government needs to satisfy the requirements of local voters.” 

10.4.1.2. Performance metrics 

a. Link function 

Generally, road authorities accepted that the hours wasted in congestion is a good measure for 

the people’s movement [R03M, H04M]. However, some [R03M] suggested that the indicator for 

freight movement is different. Freight trucks such as trailers often have slow speeds and usually 

occupy one lane on the road [R03M]. They require running on-time as their function is delivery. 

Thus, congestion would negatively affect their services [R03M]. Hence, the number of lanes is 

useful to indicate the movement on the road that has HGV [R03M]. Usually, the routes that have 

high HGV volume are situated near international gateways and industrial estates [R03M].  

While some [R09M] agreed that the width and number of lanes are factors relating to the 

adequacy of a carriageway, others [H04M] suggested that capacity, as stated in the design 

standards such as AASHTO, can give a more accurate picture.  

While IRI has been widely applied as a measure for carriageway surface conditions, it may not be 

practical for some types of roads. The DRR interviewees [R10E, R11M] stated that IRI is not an 

accurate measure for the condition of a concrete surface because it will always give a high 

roughness value. Thus, any measurement should be based on visual inspection of the surface 

[R10M, R11E].  
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b. Place function 

While the provision of a footway is one of the indicators used to assess Place performance, some 

[R11M] said that walking is not preferred by Thai people. The main reason that inhibits walking is 

the hot temperature [R11M, P14M]. The only place where a footway is used for walking is in a 

business zone [R11M, P14M]. Some interviewees [P14M] said that “many footways developed in 

the areas where walking is not preferred were abandoned and littered with marketing signboards, 

which further obstruct the walkway.” 

In contrast to footways, motorcycles are widely used and more preferable to walking as they are 

easily available and relatively inexpensive. As an alternative to walking, Thais use motorcycles for 

even relatively short distance travel. This habit is practised by motorcycles users in various walks 

of life. This wasteful habit of motorcycle usage has spread everywhere. In fact, even the sidewalks 

in many urban areas have become occupied by motorcycle users as an expressway during 

congested rush hours. “Many completely ignore the traffic direction when travelling by 

motorcycle,” said one DRR official [R11M].  

Another interviewee [R03M] raised a concern about crossing indicators, stating that crossings 

should be identified as a point of concern in terms of safety. It is much riskier for pedestrians to 

cross a road that has six lanes than a local road. It is suggested that the type of crossings provision 

should be considered together with Link & Place road type.  

c. Safety  

Many interviewees think that any indicator for safety should include the number of deaths 

[R03M]. The number of deaths is a priority for the immediate development of road safety [R03M]. 

Zero deaths should be used as the desirable threshold [R03M].  

According to an interviewee from DRR [R09M], there are two schools of thoughts in terms of road 

safety indicators. The first is to measure the number of accidents that happen. In the case of a 

road that has a low number of accidents, however, it does not always mean that the road is safe. 

This may just mean there is too little traffic to create the risk for an accident. Once the traffic 

reaches a certain level, more accidents usually occur. Thus, the second method for safety 

indicator is to assess the existing flaws in design to prevent future accidents that may be waiting 

to happen. This method measures the Road Safety Index (RSI), which assesses the road geometry, 

as well as the placement of signs, markings and sight distance.  

Having asked which method could be used to precisely detect safety problems, one DRR 

interviewee [R09M] suggested that both are complementary to each other. Accident statistics 

show the roads that are clearly unsafe, but the RSI can provide additional insight concerning the 
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roads that are prone to accidents. “The accident statistics could be a basic safety indicator that 

gives a list of the roads that have to be dealt with immediately,” said the DRR interviewee [R09M]. 

Another proposed safety indicator is the provision of lighting. However, one interviewee warned 

that the environment surrounding the lighting locations should also be considered [R03M]. They 

said that “while providing lighting generally increases safety and security, too much lighting could 

interfere with people’s health, such as sleep activity.”  

d. Environment 

Generally, the use of roadside air pollution and noise as indicators of a place environment is seen 

as acceptable [R03M, R07M]. However, some [P14M] think that the indicators for these 

pollutants should be Link rather than Place indicators.  

One DRR interviewee [R07M] added that the presence of a rumble strip could create noise 

problems, especially when placed near residential areas. The rumble strip has been used as a 

traffic calming instrument, but users have become more or less indifferent to its sound [R07M]. 

In fact, most users ignore them and continue to move at high speeds, creating more noise 

problems [R07M]. One policymaker [P14M] added that the consideration of CO2 might be a useful 

indicator as it has been used to track the greenhouse gases emitted from vehicles. 

10.4.1.3. Relative importance among indicators 

A consensus for the relative importance of PIs cannot be reached among interviewees, even with 

feedback from people in the same organisation. According to the feedback from stakeholders, 

three methods were suggested for identifying the relative importance of specific indicators.  

The first method is the hierarchical ordering of indicators, wherein the performance of one 

indicator must be considered before moving on to another. A group of interviewees from DOH 

and DRR suggested that safety performance should be the top priority before including other 

indicators [R01E, H13M].  

The second method is to apply weightings to different indicators based on priority. Consensus 

was not reached for this method. One DRR interviewee [R01M] thought that safety was the most 

important aspect because the loss of life cannot be restored like the loss of time. However, 

another DOH manager [H04M] believed that movement was the most important indicator for the 

road because other problems such as accidents and emissions to the environment could be 

minimised if vehicles travelled at the best flow with minimal interruptions. This viewpoint 

received agreement among other groups of DRR officials [R07M, R10E, R11E]. It has been noted 
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that the importance of environmental indicators has been rarely mentioned. A few interviewees 

were concerned about it, but considered it the least priority [R07M, R10E, R11E]. 

As it seems that the priority for the indicators cannot be reached, a policymaker [P06M] 

suggested that the weighting for each theme of the indicator should be applied differently based 

on different road functions. For instance, Link I may prioritise movement. This idea was shared 

by several interviewees from DRR [R01M, R01E]. Another DRR interviewee added that the 

environment and provision of place infrastructure can become more important [R01M] at the 

level of local roads (i.e. Link IV-V).  

While no consensus could be reached among interviewees in terms of how hierarchy and 

weightings could be derived, another solution exists in which all indicators are equally important. 

“Equal weight could be given to all indicators because the theme of the objective addresses 

different dimensions of problems,” said another DRR manager [R09M].  

10.4.2. Problem identification method 

Proposed method for problem identification in Chapter 8 

 

Overall, the interviewees understood the concept of performance measurement. The RAG 

priority of the problem makes sense to most interviewees as it is similar to the methods currently 

applied [R01M, R01E, H04M, R07M, R09M, H13M, R17M, L18M, H19M]. However, several 

suggestions for adjustment have also been offered. 

There is a mutual agreement that the limit threshold (LT) for the infrastructure should indicate 

an acceptable safe design, such as the minimum width of footways that provide safety and 

adequate pedestrian movement capacity according to the engineering design [R09M]. However, 

many interviewees were concerned that using developed countries' standards as a desirable 

threshold may make it harder to achieve in reality [R01M, P14M, P14A]. They suggested that the 
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thresholds could follow international targets. For example, Thailand agreed with the 2009 

Moscow Declaration to reduce the number of deaths from road accidents by 50% in 10 years.  

Most interviewees agreed that the acceptability thresholds should be different according to Link 

& Place status and the functions of the road [R01M, H04M, P06M, R07M, R11E, H13M], even 

though it means that the owner of higher Link status needs to work harder to meet the strict 

performance criteria. They believe that it will create a better outcome for road management. 

Although it makes sense that a higher Link or Place may require a higher level of performance 

threshold, the interpretation of such thresholds should be based on reliable assumptions. One 

DRR manager [R01M] suggested that the interpretation of the acceptability thresholds could be 

based on the consequences of the performance. The consequences might consider the risk of the 

problem on two axes of frequency or the chance of a problem occurring as well as the severity of 

any problem that occurs [R01M]. Analysis of the risk quadrant will indicate the strategy or priority 

for the countermeasure (e.g. regularly provide treatment, take the risk and treat when required, 

terminate the service, or transfer the service to a third party) [R01M]. 

10.4.3. Prioritisation for attention method 

Proposed method for prioritisation in Chapter 8 

 

L1: Link movement

P1: Place movement

L2: Link safety

P2: Place safety

LP3: Link & Place 
environment

Segment 1
Link II-C (Commercial)

Segment 2
Link II-E (Residential)

Segment 3
Link II-D (Civic)

Segment 4
Link II-E (Agriculture)

Segment 5
Link II-D (Tourism)

S1 S2 S3 S4 S5 Degree of problem
per theme

Assumption
• Count only red and amber 

scores

Interpretations
• Degree of problem per theme 

shows the theme that has the 
most problem on a specific 
road

• Degree of problem per 
segment indicates the road 
segment that has the most 
problem

Degree of problem
per segment

Factors that could contribute to the priorty of the problem
• Aggregation/disaggregation of the reds and ambers  (e.g. count them separately or sum them together)
• Weightings (e.g. thematic, Link & Place status)
• Spatial disaggregation
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10.4.3.1. Prioritisation method 

Prioritisation is accomplished by aggregating the performance gap per road segment. This study 

proposed two distinct methods for aggregation. Method (1) considers the priority of the road 

based on the total score in each colour (i.e. the red score has a higher priority than the amber 

score). Method (2) uses the weighted total of red, amber and green.  

Both methods of aggregation offer different advantages according to the types of user. DRR 

interviewees [R09M, R11E] pointed out that the main benefit of using the priority ranking method 

(1) is that the breaking down of the colours indicates different urgency in the problem. It is useful 

for field management to decide which road or road segment should be treated before the other. 

On the other hand, the main advantage of the weighting method (2) is that it will show the overall 

picture of the problem in terms of the entire network, which could be beneficial for senior 

management.  

Some [R11E] suggested that using both methods (1) and (2) could help to best decide the priority. 

First, top management would scope down the roads; areas that have more problems could use 

the weighted aggregated score by method (2), then the field management could specify the 

urgency of treatment by looking at the breakdown of scoring using method (1). 

Having been asked about which aggregation method was more preferable, most interviewees 

preferred method (1) that considers the red score before the amber score [R03M, H04M, P06M, 

R07M, R09M, R11E]. If the red scores are even, then consider the amber scores.  

Method (2) can be subdivided into three cases: (2.1) equal weighting for all red, amber and green 

scores; (2.2) zero weight on green, but equal weight on red and amber; (2.3) zero weight on the 

green, double weight on red and single weight on amber.  

Some think that method (2.2) is more suitable when deciding the severity of a problem [R03M, 

R09M]. They explained that using a positive green score would dilute the significance of the 

problem. However, other groups of interviewees [H04M, H13M, L16M, R17M] thought that the 

performance measurement should aggregate the green positive score to the total performance 

score, as in method (2.1), as it helps to give an overall picture of road performance, not just the 

problems.  

Method (2.3) received the most negativity. People were not sure why red should be weighted 

double that of amber [R03M, R07M, R09M]. Some also suggested that using a technical analysis 

tool such as the Analytical Hierarchy Process (AHP) could reveal a more realistic weighting 

[R03M].  
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10.4.3.2. Concerns and suggestions about prioritisation method 

There are many factors to consider for the method to prioritise the problem for attention. 

a. Difficulties in judging from different road lengths 

The main problem for the prioritisation of a road project is how to fairly judge the problems that 

come from different types of roads and different lengths of segments. The researcher asked the 

interviewees from different road authority levels whether the length of the road should be 

considered when aggregating the score (i.e. whether or not to score the road per km). 

One DOH interviewee [H04M] thought that it might not make sense to consider the score per km 

of road because it may ignore the overall picture of the size of the problem. For example, a long 

segment of road may have a small role in a larger problem which needs immediate attention, but 

the per km indicator score shows good performance overall due to aggregation with other good 

segments.  

Many [R07M, R11M, H13M, L20M] thought that the aggregation of the score by segment makes 

sense. This is similar to the existing segmentation of road enhancement projects, which targets 

the roads in built-up areas [R07M]. Prioritisation by segment makes more sense because different 

areas have different road designs (e.g. the number of lanes) and different requirements according 

to Place status [R11M, H13M].  

b. Scope of the problem 

It was revealed from interviewees [R09M, R11E] that there could be many ways to scope the 

problem for funding. For example, there is a road that has a poor surface in one segment, while 

another segment has poor geometry for safety. If looking at that segment, two spot-repairs may 

be applied. However, if looking at the whole road, the problem could affect the movement 

performance of the whole length. Hence, a different solution could be proposed, such as 

redesign. Furthermore, it has been recommended that aggregation should consider the levels of 

management [H04M]. For example, the central government may want to see the overall picture 

of the total road length managed by each office, while local branch offices may focus on the 

problems within each segment.   

c. Using Link & Place priority for attention for funding distribution 

Combining the priority for attention based on Link & Place indicators can help the policymakers 

identify the required funding for each road authority. One policymaker [P14M] stated that “the 

existing indicators used to determine the performance of the transport sector such as transport 
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cost per GDP47 are quite broad as they do not show the individual authority’s performance.” These 

broad targets could be achieved when combining the efforts of many authorities, though it may 

not be useful to identify the impact of each authority.  

The central government could receive clearer information regarding the importance of the 

problem using the Link & Place priority. One policymaker [P14M] gave a positive note by saying 

that “setting indicators individually by each authority, while also relating them together in a 

unified framework like Link & Place, could identify the individual performance of each authority 

and per theme of objective, which would be useful for budget allocation by the central 

government.”  

The objectivity of the Link & Place prioritisation system could be beneficial for local areas as well. 

It has been said that, currently, decisions concerning funding are reached from either the 

consideration of LGO engineers or from the votes of localities, which could go against each other 

[R05M, L11E, L16M, L20M]. These interviewees pointed out that “the priority of problems derived 

from Link & Place could help LGOs to reach a consensus for local road development with public 

audiences during their meetings.” 

10.4.4. Practical suggestions for performance measurement 

a. Data collection concerns 

Some interviewees were concerned that the basis of the data collection by Link & Place might be 

too detailed for manual collection [R03M, H13M, P14M, P15M]. However, one DOH field 

manager [H19M] argued that the existing system of data collection is more detailed, so Link & 

Place data collection would not be a burden.  

There is a concern that the local authorities may not be ready to routinely collect the data. An 

LGO interviewee [L12E] said that they did not have sufficient staff or equipment to check the 

condition of the assets or the users’ statistics. “We currently only work on demand upon request 

from localities,” said the LGO official [L12E].  

Another concern is that the staffers who collect the data (e.g. drivers) might not have sufficient 

experience to deal with the complications of data collection. Many interviewees [R03M, R05M, 

P15M, R17M, L20M] suggested that the data collected may need to use less personal judgement 

to provide consistent results, such as using tick boxes. “It would be even better if there was a pre-

 
47 Transport cost per GDP in this sense means the relative logistics cost, consisting of transport cost, warehousing cost and 
administrative cost. The logistics cost per GDP is a key indicator for the country’s trade competitiveness. According to NESDB’s 
Thailand Logistics Report 2017, the logistics cost per GDP in 2017 was 13.9%, the largest part of which involved transport cost at 7.5% 
per GDP. Hence, reducing transport cost per GDP is the goal for the country’s improvement of trade competitiveness. 
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made computer program that could be used to collect and visualise the performance data 

available,” said another LGO official [L16M]. 

Another manager from an LGO [L20M] worried that using local staff to collect the data might give 

biased results since they could benefit from generating exaggerated performance data. To 

prevent input bias and confusion, they suggested that the form should not reveal any information 

about Link & Place status. “It might be more legitimate to let the funder appoint a third party to 

carry out the data collection,” said the LGO manager [L20M].  

b. Worthiness of the effort to execute the performance measurement 

While the development of a unified framework for road management might be useful, the 

performance measurement procedure adds more complexity. Some interviewees questioned 

whether using Link & Place performance measurement would be worth the effort.  A policymaker 

[P15M] was concerned that it requires too many processes and may be difficult to follow by the 

road authority in practice. Another interviewee from DRR [R03M] was concerned that the 

increased cost of data collection may surpass the benefit that could be gained from the 

improvement of the road. They suggested that “it might be better that the segmentation of road 

is less detailed.”  

10.5. Conclusion 

This chapter reports on the reactions from the stakeholders regarding the development of Link & 

Place classification methodology, implications in an administrative arrangement, and implications 

in problem identification and prioritisation. Below is a summary of the reactions and suggestions. 

a. Link & Place methodology 

The methodology for Link & Place classification has been proposed to the stakeholders. Link 

status is classified by connectivity with significant destinations, while Place classification is 

identified by the different types of land uses along the road.  

Overall, it seems that the methodology for Link & Place classification makes the most sense to 

the stakeholders. The five proposed levels of Link & Place status received positive feedback 

because they coincide with the existing levels of administration in Thailand. However, there was 

difficulty in communicating the Link & Place concept to the interviewees as most of them were 

engineers familiar with traditional mobility and the access classification concept that prioritises 

the movement function of vehicles. 

There are some useful suggestions that could improve the Link & Place classification methodology 

in the future. The first is to recognise the type of Link function such as trade, production and 
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public transport feeder. Secondly, the land use type and colouring should be consistent with local 

standards. Lastly, an update of Link & Place status is suggested by assigning the road owners and 

local authorities as the record keepers.  

b. Administrative arrangement 

This study proposed that Link & Place status could be used as a tool to arrange the structure of 

road ownership and funding for better management of the roads in Thailand. It is proposed that 

the ownership of roads should be based on Link status, while Place status is used to determine 

the Place custodian authorities who provide additional funding from Place infrastructure 

development. 

From the reactions, it has been generally agreed among stakeholders that Link classification is 

useful for ownership arrangement. However, a few interviewees expressed concern that ODLOC, 

the regulator performing countrywide road classification, may not follow this method.   

On the other hand, the use of Place status to identify who funds the Place infrastructure has been 

met with opposition from stakeholders. There are three key concerns comprising revenue 

structure, capacity and legal power. First, it has been revealed that the current revenue structure 

does not recognise wider users, thus making it harder to provide roads for all. Second, LGOs have 

limited funding capacity and skills, but can rapidly deploy their staff to complete minor tasks. 

Finally, the legal power of LGOs is limited, so they would face severe penalties if caught working 

on roads they did not own, thus making funding contribution to Place impossible. 

There are three possible solutions that have been suggested to overcome such a problem. The 

first solution is to transfer the roads passing through urban areas to be wholly owned and funded 

by LGOs. This option is unsustainable as road authorities would likely use this opportunity to build 

more bypasses, thereby aggravating urban sprawl. The second solution is to transfer all roads to 

the central road authorities. This would create unnecessary burdens on central government 

staffing for maintenance tasks. The best solution is to delegate specific maintenance tasks to the 

Place custodian, which would allow both the central road authorities and LGOs to work using their 

strengths. 

c. Problem identification and prioritisation  

The study proposed four themes as key indicators used in problem identification. For problem 

identification, this study proposed the use of red, amber, green indicators that are separated by 

two thresholds of limit threshold (LT) and desirable threshold (DT) to identify the severity of a 

problem. The proposed prioritisation method is accomplished by aggregating the performance 

gap to each segment. 
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For the performance indicators, the stakeholders provided positive feedback about the proposed 

themes of indicators while suggesting that they should include alternative modes to guide 

national development after the car-based paradigm. However, a consensus could not be reached 

among stakeholders on the relative importance of indicators, suggesting that equal weighting 

could be used, at least initially. 

The stakeholders are familiar with the proposed method to use red, amber, green indicators to 

determine the severity of the problem. It is accepted among interviewees that setting different 

thresholds with increased difficulty based on the importance of Link & Place status is the 

appropriate method to create better road management outcomes.  

The interviewees agreed that giving priority to the red score over amber and green is the better 

method for prioritisation of attention. Aggregation based on the segment of Link & Place status 

and land use type also makes sense as it indicates the priority for different Place requirements. 

They suggested that, in practice, different approaches for scoping the road segments could be 

applied for different levels of management. For funding allocation, the stakeholders felt that the 

Link & Place method provided a clearer view of the problem, thus allowing them to make a better 

decision.  

Various concerns were expressed regarding the use of the Link & Place performance 

measurement method. The first is that this method requires intensive quantity and quality in 

terms of data. Thus, a more systematic data collection method that creates unbiased results is 

necessary. The data-intensive nature of the work also invites the question from some 

interviewees concerning the worthwhileness of the effort. 
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11.1 Introduction 

The road policy is shifting from the provision for vehicle users towards sustainable mobility and 

provision for quality living space in urban areas. Such changes have brought about new 

requirements for funding. Unfortunately, current practice in performance measurement and 

ownership arrangement no longer provide a sustainable solution. 

This thesis aimed to test whether a new approach that uses the road functions as a method to 

identify the issues and prioritise the scheme for better funding accountability of non-national 

roads can be feasibly applied in global south countries such as Thailand.  

Link & Place has the potential to become a universal road classification approach with the capacity 

to connect functions with administration and designs to deliver context-sensitive solutions. 

Previous studies mainly applied Link & Place on a city scale in developed countries.  

This study proposed to extend usability by applying the Link & Place framework nationally in a 

global south country by testing the feasibility in selected case study areas in Thailand. The 

proposed implications include (i) applying Link & Place classification to reclassify roads nationally 

based on the Thailand context, (ii) develop a method for ownership and funding rearrangement 

that enhances the effectiveness of road funding allocation based on the Link & Place approach, 

and (iii) develop a Link & Place-based performance measurement system for problem 

identification and prioritisation.  

11.2 Summary of findings 

11.2.1 Addressing the objectives for Part A  

Objective A1: to comprehensively review road classification methods and applications 

This objective was met in Chapter 2. According to the analysis of road classification globally, 

countries that have higher development scores tend to use more road classification themes. 

There are various ways to classify roads which consider the administrative perspectives, 

functional performance perspectives, and design perspectives. 
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Objective A2: to explore the implications of existing classification systems on planning and 

administration 

This objective was met in Chapter 2. It was found that there are two main types of road 

classification used for planning. The first type is an administrative classification, which is used to 

resolve ownership. The second type is the functional classification, which allows the road to be 

sensibly funded based on the gap between expected performance and existing performance 

levels. Link & Place has been identified as a novel approach to road functional classification that 

considers both the performance of vehicular users and other road users. 

Objective A3: to examine the road and transport planning framework, particularly the process of 

problem identification and prioritisation for attention 

This objective was met in Chapter 3. There are four main stages of road and transport planning: 

strategic development, performance measurement, problem identification, and later stages. A 

building block of transport planning is the performance measurement system, which helps 

diagnose the problems and prioritise them for attention. 

Objective A4: to diagnose the problems in road administration and road planning from current 

practice in national and sub-national levels of Thailand 

This objective was met in Chapters 4-5. The Thai road authorities need clarity in the road planning 

process to be able to secure more funding from the government, especially for non-national 

roads that have less tangible impact. If the wider performance requirements from the road and 

roadside users are addressed, the planning process could help further the government aims to 

promote sustainable mobility and liveability.  

The decentralisation reform has seen roads transferred to various levels of road authority. 

However, the transferred roads added to the burden on local governments due to the use of 

arbitrary measures to classify the roads, while the central road authorities managed roads that 

are not fit to their standards. The current road planning systems also make it hard to deliver what 

is expected. A very crude method of performance measurement is in place to determine the 

scheme worthy of funding, especially the ‘small schemes’ on subnational roads.  

The findings from Part A were collated in Chapter 5 and were used to define a set of objectives 

for the development and testing of L&P framework in Part B. It was found that the road 

authorities did not have the tools ready for a policy transition, even though a new policy that 

addressed the need for sustainable mobility and liveability was established. Moreover, the 

current method for road planning in Thailand lacks clarity in performance measurement, which 
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makes the subnational roads owned by the local and central road authorities lose funding 

support. Hence, this study proposes to apply Link & Place as a universal framework for the 

implications in problem identification and prioritisation based on the new policy paradigm, as well 

as rearrange the ownership for better funding efficiency.  

11.2.2 Addressing the objectives for Part B  

Objective B1: to see whether a new form of road classification is technically feasible to be applied 

nationally in Thailand 

This objective was met in Chapter 6. This study developed the criteria for Link & Place 

classification for Thailand. Link criteria are mainly based on connectivity. Place criteria are mainly 

based on the attractiveness of different types of land use. It has been applied at the national to 

local levels and shown consistent results. 

Objective B2: to see how the new form of road classification could be applied to improve the road 

administration in Thailand 

This objective was met in Chapter 7. Link status has been proposed for ownership arrangement, 

while Place status has been proposed for funding contribution structure from related 

stakeholders, called ‘Place Custodians’. The Link & Place funding allocation system allows the 

central and local governments to sustainably manage and fund roads. Using Link status to 

determine ownership ensures that a large part of funding required (i.e. Link costs) is covered by 

the authority that is most capable. Additional funding for Place is covered by the local authorities 

and the central government departments who benefit from the improvement of roadside 

amenities and can later use the acquired revenue to fund maintenance. For instance, the Place 

amenities in a tourism location may be funded by both the local authorities and the tourism 

promotion department. 

Objective B3: to examine how the proposed road classification influences performance 

measurement and the prioritisation of problems in Thailand  

This objective was met in Chapters 9-10 through the development and testing of a Link & Place-

based performance measurement system in Thailand.  

In Chapter 8, the method for performance measurement and prioritisation was developed. The 

widened set of goals for sustainable development was addressed based on Link & Place functional 

requirements. The problem identification and prioritisation methods were developed by 

measuring the existing performance against the thresholds of desirable performance and 

minimum performance, which are based on the existing targets used locally and internationally. 
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The context-sensitivity of Link & Place classification led to the consideration of various 

acceptability levels of performance for each indicator, which helps planners assess a problem 

according to the varying importance of road roles. Generally, the performance targets for higher 

Link/Place status are set at a higher level.  

In Chapter 9, the developed performance measurement and problem identification method were 

tested in a case study area in Thailand. The case study area had a mixture of roads owned by both 

local and central authorities, as well as a variety of Link & Place statuses. Since there were some 

indicators new to the current practice, this study derived some proxy methods to measure the 

performance for those indicators. Various ways of implication to the prioritisation were explored 

with sensitivity analysis for robustness. Successful application of the performance measurement 

method in the case study area shows that the method is universally applicable by any road 

authority in Thailand. 

The findings from the implication of Link & Place for performance measurement show that 

priority for the roads that need funding goes to the roads with higher Link/Place status. This study 

also observed that, given the same Link level, the roads belonging to the local authorities have 

lower performance than the roads belonging to the central authorities. This indicated the 

disparity in road management capacity between the central and local authorities. This finding also 

bolstered the case for why the roads need to be rearranged for proper ownership and funding.  

Objective B4: to obtain professional feedback on the applications of a new road classification 

system 

This objective was met in Chapter 10. In-depth interviews with practitioners and policymakers 

were conducted to reveal their reactions concerning the feasibility of the application within the 

Thai context.  

It was found that stakeholders exhibited positive views towards the method on Link & Place 

classification with suggestions for minor adjustment according to the relevancy of locally-

accepted practice and standards. Furthermore, stakeholders showed positive acceptance of using 

Link status for ownership arrangement. However, using Place status to determine the 

contribution of funding based on a novel place custodian concept was met with criticism that 

prompted suggestions for further adjustment on ownership and funding arrangement that would 

allow both the central road authorities and local authorities to work using their strengths. In 

addition, the stakeholders provided positive feedback on the proposed performance indicators 
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and problem identification methods. However, they expressed concern about the feasibility of 

application since the developed framework is data intensive. 

11.3 Assessment 

Changes in road planning policy towards sustainable mobility require a change in the system for 

road network planning. The direct change is the performance measurement, which observed a 

shift in funding demand for Place facilities. The change in funding demand indirectly affects the 

existing structure of ownership and funding arrangement that no longer allows efficient resource 

allocation in the long term. 

Link & Place offers a universal road management system that could transform the way a road 

network is planned and deliver more sustainability, efficiency and accountability. Integrating the 

Link & place framework in road governance and performance measurement helps policymakers 

to effectively allocate funding to the road authorities that have different policy targets.  

The findings show that Link & Place classification brings administrative and functional 

classification together. Link & Place application in ownership and funding arrangement creates a 

clear distribution of funding and systematic ownership structure. Additionally, Link & Place enable 

the creation of a context-sensitive performance measurement system that both conforms to the 

national goals and satisfies the needs of different stakeholders.  

This work has produced a successful result according to the overarching aim. The study was able 

to identify Link & Place as an alternative road classification system that could feasibly be applied 

to road network planning nationally in global south countries such as Thailand. Link & Place offers 

a universal implication in widening the performance measurement towards the new policy 

paradigm while also providing the basis for more sustainable funding sources through a flexible 

ownership rearrangement mechanism. It can be concluded that Link & Place can better meet the 

emerging transport policy priorities than existing road classification systems, especially for those 

countries that have long based their road planning around vehicle movement. 

In a wider context, the application of the Link & Place framework to the road administrative 

arrangement and performance measurement could benefit road planning in countries in the 

global south. The problems in resources funding limitation, poor coordination of various 

institution, and lack of proper performance monitoring regime are common issues that hinder 

their development48. A coordinating framework on road planning that Link & Place brings would 

enable scarce resources in the global south to be allocated in the most effective manner.   

 
48 see for example Kirschke et al. (2020); Luque, Edwards, & Lalande (2013); Wu, Ramesh, & Howlett (2015) 
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While there are obvious benefits found from the implications of Link & Place framework in road 

planning, the practical applicability of the system seems to be a concern for some. The feedback 

from stakeholders shows that the proposed ownership and funding arrangement could be 

disruptive to the existing administrative configuration. A transitional implementation plan may 

be needed. Moreover, the framework for performance measurement is data intensive. The data 

processing method based on the segmentation of Link & Place status and land use is a time-

consuming process – although the growing use of GIS-based data collection and analysis could 

reduce the burden. This may cause additional burden to the existing workflow and could be 

unmanageably expensive for certain authorities to implement, such as the local authorities. 

11.4 Limitations of the study 

Although the study was carried out with success, it was only able to test the proposed framework 

to a limited extent due to time and resource constraints. The two main limitations faced by this 

study are summarised as follows. 

Generalisation of the findings 

Much of this study involved only small pilot case study areas. This hinders the ability to generalise 

the overall characteristics of Link & Place classification and the general feasibility of the 

implications that were tested. Moreover, this study tested the implications of the concept to only 

one alternative road classification (i.e. Link and Place). There may be other types of road 

classification that could have performed as well or better. Additionally, this study was unable to 

test different approaches to performance measurement and prioritisation, which may have 

caused the results reported in this work to be less than optimal.   

Accuracy of data 

It is difficult to approach a local government organisation for performance data. This is due to the 

lack of existing measurement and the varying quality of local management. While the data 

collection forms have been carefully developed and tested with people who have no previous 

background in surveying, many human-error issues were observed in the case study data 

collected by the field surveyors. One of the causes may be because training had not been 

adequately provided to the survey teams – this had to be done remotely – resulting in the use of 

different ways of data collection to the methods expected.  

11.5 Recommendations for further research and application 

This section lists some recommendations that could improve the Link & Place framework for road 

network planning and management. Short-term improvements for the enhanced functionality of 
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the system, and, more ambitiously, longer-term developments for the wider applicability of the 

system are suggested below. 

11.5.1 Immediate applications of the Link & Place framework 

Four applications have been successfully tested during the study for the feasibility of the 

developed Link & Place framework. These could be adopted immediately with minor adjustments 

by the road authorities across the board. 

First, the Link & Place classification method could be adopted using the criteria and 

recommended process in Chapter 6. Second, Link & Place status could indicate the appropriate 

owner and relevant Place Custodians who provide additional help in funding or manpower, 

according to the method proposed in Chapter 7. Third, the adaptation of the method for 

performance measurement using context-sensitive thresholds developed in Chapter 8 could be 

beneficial for the road authorities across all jurisdictions. Fourth, the developed prioritisation 

method in Chapter 9 could aid the decision-making for budget pre-allocation priority. In addition, 

the priority of the roads belonging to different jurisdictions could be used to test the effectiveness 

of funding allocation.  

11.5.2 Short-term upgrades for enhanced functionality of the system 

Following the weaknesses found from the applications, a short-term improvement to the system 

can be proposed in two ways. The first is to study the transition plan for the road ownership 

arrangement and funding, which could provide less disruption to the administrative system. For 

example, such an arrangement could be started and used in phases, or a trial case study in 

controlled pilot case study areas could be carried out. The second way is to improve data 

collection and processing efficiency by using machines to collect the data and develop computer 

algorithms to process it or simplify the performance measurement system to require less data 

processing power. Still, either method could introduce more complications and costs, which 

needs to be considered as well. 

11.5.3 Future developments for the wider applicability of the system 

Enhancement of the related system could provide wider applicability to road planning and road 

management. According to the results from the trial in the case study areas and the feedback 

from stakeholders, several recommendations can be offered for future development. 

The first recommendation is to improve the performance measurement system to provide a 

universal benchmark. For example, replace the simple priority ranking with a graduated ‘degree 

of the problem’ to indicate the performance shortfall and develop a common scaling system. This 

may require further tuning of the indicator weightings that produce the highest effectiveness. 
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Using different levels of spatial disaggregation (e.g. corridor level or area-wide level) could be 

useful for decision-making by different levels of government. 

The second recommendation is to introduce context-sensitive designs based on the 

recommended performance levels required by each Link & Place status and land use type. 

Developing the standard designs will aid the local authorities who may not have expert staff to 

design appropriate roads according to the wide range of land uses within their jurisdictions.  

The third recommendation is to develop an appraisal method for higher funding effectiveness. 

Link & Place performance indicators could be used to appraise both direct and wider economic 

impacts. Properly identifying the benefits and costs will promote accountability in road 

investment, which enables the decision-makers to confidently source the funding required for 

different levels of road.  

The fourth recommendation is to design new funding mechanisms. The contribution may not 

come directly from the fiscal budget, but from other forms of cooperative financing mechanisms 

such as PPP and land value capture. This may require clarity in terms of who benefits from what 

kind of development, which is a by-product of the third and fourth recommendations. 

Finally, once all four recommendations are operational, the government may then assess 

whether efficiency could be further improved by increasing the level of autonomy. This is possible 

by reforming the road authorities into two separate bodies, with one being the road agency, 

separate from the ministries and responsible for contracting out public works, and the other 

being an independent regulating body to monitor the outcomes of road investment. In the UK, 

these bodies are similar to the roles played by Highways England and the Office of Rail and Road.  
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