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ABSTRACT
Current access to environmental information about London can be slow and
tedious. This is because different organisations, (both private companies and
public bodies) hold environmental information relating to London and rarely
integrate this information. In some instances free public access to this
information is not possible. In other situations, access is possible, but the
information is often stored in a ‘user unfriendly format’. This may be
incomprehensible ‘tabular’ data, or data that is stored in a format that requires
the user to purchase specialist software before attempting to view the
information. Environmental Information Systems aim to integrate and improve
access to this information and provide a variety of tools and technologies to
assist the management and use of environmentally related data and
information.
This project aims to bring together some of this environmental data for London
and provide access to it in an easier format. The main goal was to develop a
prototype Environmental Information System for London. The system should
demonstrate how it is possible to combine information and provide a greater
insight into London’s environmental situation. The system should also
communicate environmental information about London to a potentially ‘wide
ranging audience’ in an easy to use and intuitive manner.
The outcome was London Environmental Information System or “London
Environment Online” (LEO) as it has been named. The naming includes the
word “Online” because it a new breed of Environmental Information System
that operates over the Internet or World Wide Web. This addresses several
issues since it allows a large number of people to access the system from a
variety of locations. It also means that, although the core of the system
depends upon expensive and powerful software packages, hardware and
databases, the data within this can be used via a basic ‘Internet Browser’ or
‘Web Browser’. Web Browsers are typically free and commonly used on most
desktop computers around the world to day.
The report itself is directed to stakeholders involved in the monitoring and
management of the London environment. This ranges from senior politicians
and ministers responsible for implementing environmental policy to those
collecting the basic data in the field and those responsible for storing and
disseminating this information. Particularly, the document is directed at central
and local government departments in their role as environmental decisionmakers and managers. It is also of interest to public watchdogs, community
organisations and non-government organisations (NGO’s) interested in tools
for supplying environmental information.

1.0 Introduction
1.1 Background to the Project
London is one of the world’s greatest cities and its continued success as a centre for
opportunity and investment is vital to the UK economy. The quality of life that London
provides its citizens and visitors is a key factor in ensuring wealth creation and employment
generation. In common with other major urban centres in Europe, decades of development in
London have lead to contamination and pollution of the environment.
In 1998 the Jackson Environment Institute consulted widely within local and central
government, business and other organisations concerned with London’s environment (local
authorities, GoL, London First and LPAC) in order to understand their information
requirements regarding the environment. It soon became clear that there was a need for a
more informed dialogue based upon better access to current environmental information in
order to develop an improved understanding of the impacts of their activities on the
environment as a whole. The aim of the project, therefore, was to develop a prototype
Environmental Information System for London which could demonstrate the potential gains
from linking together both users and providers of environmental information in new and more
productive partnerships.
The Jackson Environment Institute and the Centre for Advanced Spatial Analysis at
University College London provided the backing for the pilot project with software provided
by Environmental Systems Research Institute (ESRI – UK), and a range of digital data
provided by the Ordnance Survey (OS).
1.2 Aims and Objectives
Efficient monitoring and management of the environment are essential activities contributing
to sustainable development. Over the past 30 years or so there has been increasing interest in
developing ways to protect and improve the environment. It has prompted the development of
research and technological tools which enable the sharing of information among citizens,
industries and city administrators and assists them to make informed decisions for improving
the environment. If we are to strive to achieve the most efficient form of a sustainable
Information Society then Environmental Information Systems, their tools and results should
attract the interest of as wide an audience as possible.
The purpose of this project was to develop a prototype Environmental Information System
(EIS) for London that could address some of these issues. It would utilise the expertise of the
environmental scientists at the Jackson Environment Institute. It would also make use of the
skills and resources at the Centre for Advanced Spatial Analysis (CASA) in computer
technologies that deal with space, location and the built environment.
It was decided that the EIS would use digital technologies, such as Geographical Information
Systems (GIS) and the Internet, to integrate and disseminate environmental information and
data for London. The information would be collected and stored in a central database and
accessed through local system use and via the World Wide Web (WWW).
It was envisaged that the resource would benefit several interest groups, such as:
q
q
q

environmental policy makers and regulators;
commercial/industrial organisations;
local interest groups; and,
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q

the public user.

The information system adopted several of the key areas of the Jackson Environment
Institute’s own mandate regarding:
(i)
(ii)

the integration of various traditionally separate disciplines of environmental
research; and
the development of an interactive source of information on London’s
Environment for all types of users.

It was intended that such a system could eventually act as a tool for prompting debate,
dialogue and understanding between users such as citizens, schools, local authorities and
business.

In summary the project set out to:
1. Improve access to Environmental Information about London.
It is currently a difficult process to gain access to environmental information about
London. This project set out to demonstrate how access to a number of
environmental sources could be improved.
2. Present environmental data about London in a user-friendly format.
Current access to London’s environmental information is complicated. This is
because firstly the data is difficult to get hold of and secondly, because even when
accessed, it is often in a format that many people cannot comprehend or do not have
the necessary software to enable it to be visualised.
3. Enable the integration of various traditionally separate disciplines of
environmental research.
It is very common to find the different disciplines of environmental research working
separately to each other. By pulling together a variety environmental information
from a range of sources and presenting it through a common interface, the goal was to
break this tradition and encourage discussion of the London environment as a whole.
4. Consult the public regarding the requirements of the system and encourage
public participation.
A web site with a web-questionnaire was created and potential users were encouraged
to visit the site in order to register their views about the key issues and information
that the EIS should be able to address.
5. Encourage the Sustainable development in London based on environmental
indicators.
Easy access to key environmental indicators should show the potential for users to
become more aware of environmental indicators and their importance if sustainable
development issues are to be addressed
6. Develop Internet access and utilisation of the EIS via a GIS interface
The challenge of developing internet access to a fully functioning GIS has still not
been met. This needed to be addressed if the environmental data was to be accessed,
queried and visualised in a spatial context.
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7. Integrate other useful information such as demographic data and multimedia into the EIS
The integration of other non-environmental data sets also needed to be addressed such
as socio-economic data (e.g. population density) and multi-media information
(graphics and photographic images). This would allow environmental information to
be viewed and queried in context. This way the ‘integrated data sets’ could enable
discussion of important issues.
8. Allow multiple users and different levels of access to the system
It should be possible for a number of users to access the system at one time without
corrupting or causing the database to become ‘confused’. In addition the problem of
split user level access should be addressed. This should allow certain key users to
access data that has restricted access, while other users will only gain access to certain
common data sets.
9. Develop a scalable system that could integrate other environmental data
The system should be designed so that a variety of information and data can be
incorporated into it as it develops. The incorporation of large data sets should not
slow the system down or result in the underlying database needing to be redesigned.
Potential data could include information from other projects within the Jackson
Environment Institute such as the Brownfield Information System and information
about the River Thames via the Thames Estuary Partnership.
10. Develop a methodology for monitoring use of the system
It should be possible to monitor how the system is used. This should make it possible
to identify user errors and to log popular fields of enquiry. This way the system could
develop, adapt, evolve and be fine-tuned to suit the users of the system.
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1.3 Environmental Information Systems
So, what exactly is an Environmental Information System? They have been described and
debated by a number of people but for this report the simplest definition is that EIS are
systems (commonly computer systems) that offer a variety of tools and technologies to assist
the management and use of environmentally related data and information.
With the boom of the Information Technology (IT) era it is hardly surprising to find that most
EIS use computer technology. If anything, environmental science has been using computer
technology and computer modelling for far longer than many other disciplines, whether it is
with regard to data about soil, water or air.
EIS have been around for a number of years in a variety of shapes and forms. One of the
early examples is INFOTERRA which evolved in the 1970’s. It was a system born out of the
United Nations Environment Programme (UNEP) and supervised by the Global
Environmental Monitoring Systems unit (GEMS). This system essentially provided meta
information like lists of contacts and references to useful material about particular
environmental information.
In the early 1980’s, UNEP developed the ‘Global Resource Information Database’ (GRID).
This EIS used a common geographical reference system to co-ordinate the range of
environmental data sets that were held by UNEP and other associated organisations. It should
be noted that at the core of GRID was a Geographical Information System (GIS). This is
important to note since many of the EIS that have arisen since use a GIS. In this light it is
also worthwhile mentioning the Canada GIS which is arguably the first GIS. The Canada GIS
predates both GRID and INFOTERRA (it was developed back in the late 1960’s) and it was
essentially a large Land Information System. Although it is not really thought of as an EIS,
importantly it did have environmental information at its core, which shows the strength of the
link between EIS and GIS.
These early examples of EIS commonly dealt with large spatial extents (commonly Global).
The early 1990’s through to the present day have seen a growth in the number of EIS which
work with a range of spatial extents. These include systems that cover whole continents such
as
Antarctica
(the
Antarctic
Digital
Database
http://www.nercbas.ac.uk/public/magic/add.html). It also includes systems that cover large areas of continents
such as the Great Lakes Regional EIS, which aims to monitor the environmental use and
abuse of the Great Lakes in North America.
At the other end of the scale there are EIS which focus on individual countries, cities and
towns. This includes the Berlin EIS (http://www.sensut.berlin.de/sensut/english/) which
provides information about the environment of Berlin and the Paso del Norte Region Ozone
system which provides a daily prediction of the potential of elevated levels of ozone for this
region on the US/Mexico border (http://www.ozonemap.org/).
It is important to note that despite the range of scales of EIS in operation over the last 30 years
or so, they almost all commonly use the element of space and location as a key level of
reference. In many cases this means that they have to utilise a GIS. The EIS that have
developed in the 1990’s more often than not have two other factors in common. The first is
that they often attempt to address some of the challenges that arose from the Earth Summit in
Rio de Janeiro in 1992 such as Sustainable Development Public Participation issues. The
second is that they are increasingly attempting to utilise the Internet or World Wide Web in
order to deliver the EIS to a wider audience.
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1.4 Access to Environmental Information and the role of Sustainable Development
Free access to environmental information and environmental data has been demanded for a
long time. This can be seen as dating back at least as far as the Stockholm UN conference on
the Human Environment in 1972 and even before this. However, in Europe and the United
Kingdom in particular, free access to environmental information is often problematic in
reality.
Under United States laws, freedom of access to environmental information has not been such
a problem. The US-Government with the ‘Right to Know Act’ and other laws has
demonstrated how administrations can treat the problem of public information in general. In
Europe it is still a very different situation. It took almost one decade to realise a European
legislation such as the Council Directive 90/313/EEC, freedom of access to information on
the environment, and such laws have questionable powers in individual member states within
the European Community.
A broader and more significant step on the road to improving access to environmental
information occurred 20 years after the Stockholm UN conference on the Human
Environment. It was the Earth Summit in Rio de Janeiro in 1992 that saw the implementation
of the "Rio Declaration on Environment and Development" (Earth Summit `92, 1992). At the
heart of this was the concept of ‘Sustainable Development’ or “development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs”. This concept was developed by Gro Harlem Brundtland in 1987 and has been
heralded by many as bridging the traditional gulf between environmental and development
thinking, since it acknowledges the interdependence between the environment and
development.
The 1992 United Nations Conference on Environment and Development in Rio de Janeiro
(Earth Summit) endorsed the Brundtland Commission's definition of sustainable development
and popularised the term to an international audience of government leaders, NGOs,
industrialists, and scientists. Earth Summit dignitaries developed and approved the principles
of sustainable development in Agenda 21, a broad plan of action based on the need to balance
economic development with the necessities of a healthy environment.
In order to achieve the targets of ‘Sustainable Development’ it is necessary to incorporate
economic, social and environmental needs into the ‘development equation’. This focuses
future development plans on reconciling economic demands and social needs with the
capacity of the environment to cope with pollution and to support human and other life
(Environment Agency, 1998). In order to achieve these goals it is important to provide access
to environmental information to all those concerned, and to provide this information in a
format or system that can start to integrate these diverse factors. The EIS is one such
approach.
Since the 1992 Earth Summit, European policy has been developed to encourage the
implementation of sustainable development across Europe by the EU. The EU’s main
statement of policy and action for sustainability is laid down in the 5th Environmental Action
Programme (5 EAP) which was prepared in parallel with Agenda 21 and was put into effect
on 1 February 1993. This provided a framework of environmental rules and regulations but
little in the way of concrete commitment to sustainable development. The commitment to
sustainable development came relatively recently as an explicit objective of EU Policy set out
in the Treaty of Amsterdam. This was agreed in June 1997 and finally put into force on 1
May 1999.
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The Communication on Sustainable Urban Development (COM(1998)605 final) should also
be noted since it provided a spatial dimension for sustainable development and was a major
step towards implementing the strategic goals of the revised 5 EAP. Both documents are
cornerstones to strengthen and restore the role of Europe’s cities and to secure the growing
importance of a Community Policy towards ‘Sustainable Development’ in Europe. (Güssow
1999)
With these major developments in the 1990’s, it is not surprising that there has been increased
focus on the provision and availability of environmental information, not just on a global level
but at a local level as well. The importance of focussing sustainable development at the local
level was also stressed in the Brundtland report. “Think Globally; Act Locally”, it was
argued, for if sustainable development is to become a reality it must be firmly rooted at the
local level and be carried through to the regional, national and international level.
With this background to the developments of sustainable development, European Policy and
the growth of interest in sustainable urban development it is clear that the key challenge
facing those responsible for current EIS is the ability to deliver information at a local level.
This is apparent in the increasing use of large scale base maps and increasing resolution of the
environmental information that EIS have shown over the past 10 years or so. Sustainable
development can be seen as one of the key driving forces behind this trend.
1.5 Public Participation and user requirements for and EIS
Decisions that affect the future environment of our cities should be based on a thorough
understanding of the needs, desires and preferences of all citizens affected by these decisions.
Public participation is therefore an important aspect of sustainable urban development. The
Earth Summit in Rio de Janeiro in 1992 recommended the active participation of citizens
along with governments in the implementation of the Rio agreements.
More recently, the role of public participation has been addressed within Europe. The
member countries of the Economic Commission for Europe signed the “Convention on
Access to Information, Public Participation in Decision-Making and Access to Justice in
Environmental Matters” (UN/ECE, 1998). This convention declares that:
“…improved access to information and public participation in decision-making enhance the
quality and the implementation of decisions, contribute to public awareness of environmental
issues, give the public opportunity to express its concerns and enable the public authorities to
take due account of such concerns…”
It goes on to say: “Each party shall ensure that environmental information progressively
becomes available in electronic databases, which are easily accessible to the public through
public telecommunications networks…” (UN/ECE 1998)

Public participation in environmental issues has been in existence since the “Environmental
Revolution” of the late 1960’s. However, public participation in the development of EIS is
still a relatively new concept. Where it has been implemented, it is often after an EIS has
been developed and seeks to find public opinions about the existing EIS. Rarely is public
participation implemented prior to developing an EIS. As a result most EIS to date have been
developed by ‘experts’ who make assumptions about how the system should work. As a
result, many EIS, and indeed even Information Systems of the past have failed after being
designed and built by technical experts with little regard for the end user. The outcome is
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more often than not a system that is not user friendly or is, in some cases, even a ‘solution
looking for a problem’.
On a project with a relatively small number of end users these problems can be avoided by
approaching key potential users prior to developing a system and gathering their opinions.
This can often be achieved with a paper-based questionnaire or by inviting people to attend
‘round table’ discussions so that they can air their views.
A similar approach could be adopted for larger scale projects such as an EIS. There are
problems involved here besides the cost and overheads of such an exercise. One particular
danger lurks here, since although such an approach provides the framework for public
participation, it may result in a biased sample of opinions. This is because it may require
considerable effort simply for a person to participate. As a result, typically only a small
minority of special-interest-group activists and/or representatives of those citizens that are
directly affected by specific projects take advantage of their right to participate (Vögele and
Heepen, 1999)
The use of the Internet is increasingly providing an alternative to these traditional methods.
Using ‘Web based questionnaires’ it is possible to gather large numbers of views and
opinions, from a large audience with relative ease and very little cost to all parties involved.
There are problems and issues with this approach since it can be argued that the Internet is
only available to a minority group (the ‘IT Literate’ who have computers and Internet access).
The distribution of paper based questionnaires can help in this situation. However, those
people with Internet access is rapidly growing. According to recent United States Census
Bureau figures (October 14th, 1999), one in every five Americans make use of the Internet.
(http://www.census.gov/population/www/socdemo/computer.html)
In the case of a web based application such as an EIS that will operate via the internet and
where the target audience is potentially several tens of thousands of people, then the Web
based questionnaire is an obvious solution.
1.6 Internet Mapping and GIS on the World Wide Web
It has already been noted that one of the elements that many EIS have in common is that they
utilise a Geographical Information System (GIS). One of the obvious reasons that a GIS
provides benefits for urban and environmental planners is its ability to integrate diverse data
sets under a common spatial theme. This is not surprising since the organisation and
management of environmental data often has a strong spatial element to it. Further more, GIS
is the only technology that offers computerised spatial query and spatial analysis in an
effective manner. Since an EIS may commonly be required to integrate diverse data sets and
since environmental problems have an inherently spatial nature, it is no surprise that GIS
plays such a key role in EIS (Fedra, 1993).
However, there is increasing demand for EIS to be ‘Web based’, and if this is to be achieved
then the GIS that it interacts with must also be able to operate across the Internet. Luckily,
there is already great demand for Web based GIS and almost all the main GIS software
companies have developed Web mapping solutions to meet this demand.
Maps on the Internet are nothing new. For many years now static maps have been provided
within Web pages as basic images (GIF’s or JPEG’s). Since 1995 / 1996, there has been an
increasing demand for ‘interactive maps’ that can be viewed through a basic web browser. In
the last three years this has evolved into the demand for a full web based GIS. Instead of
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requiring the end user to install expensive and sophisticated GIS specific software on their
desktop computer, this approach should offer as much of the functionality normally associated
with a desktop GIS while using a basic web browser as the ‘GIS interface’.
Over the last three years this change has been particularly noticeable and has been described
by some as a ‘paradigm shift’ (Lawrence 1999). In the past experts developed GIS solutions
to problems and delivered them (often on paper) to non-experts. Increasingly through the
introduction of the Internet or Intranet based GIS systems, it is possible for these ‘nonexperts’ to use ‘GIS in disguise’. With only minimal browser technology a person who has
never heard of GIS can zoom into a specific area, investigate it and identify information, and
either print out their results or even digitally ‘paste’ them straight into a report.
It has not been a simple process to develop Internet GIS and this field of development is still
very much evolving. The first response from GIS software companies was to take their
existing desktop software and to ‘wrap it up’ in code that made them ‘Web enabled’. This
usually involved creating scripts that accepted HTML based arguments and passed these
arguments to a desktop package, which then created an output map. This map was then
literally ‘captured’ on screen and sent back to the Web as an image. This worked well and
was easy to implement for people already familiar with specific GIS software packages.
However, this solution was not scalable. For every user accessing the system, there had to be
an instance of the GIS running and so there were serious limitations with the number of users
that could be supported. This would cause problems and often result in system crashes, or the
Web mapping solution ‘dying’ when it became over loaded.
The demands that Web mapping users make upon the systems has changed as well.
Originally Web mapping users were happy to simply view map data that was displayed
interactively. At the very most, users could pan and zoom into the map. Users now often
have more complex problems. They need to view information relating to a specific point,
road or land parcel. Or they would like to see all the parcels that fall within a specific zone, or
all the roads within 1 kilometre of a specific point. This means that Web mapping must
provide spatial analysis through the Web. This adds a great deal of complexity as well as site
and interface design issues.
Currently Web mapping sites are in high demand. This is commonly by people asking
relatively straight forward questions such as ‘Where is X?’ or ‘How do I get to Y?’ Where
once they would have thumbed through a paper map or an A to Z of a city, now it is possible
to use the internet, type in the name of a street, get a customised map of the area with the
street or location highlighted. MapQuest.com is one such site (www.mapquest.com) and they
claim to have nearly 4 million unique visitors to their Web site per month. This is a massive
number of ‘customers’, and this claim is upheld by Media Metrix who confirm that
MapQuest.com is the 39th most visited Web site on the Internet. In fact MapQuest claim to
deliver more ‘digital maps’ in one month than paper maps are sold per year, worldwide; (the
International Mapping Trade Association (IMTA) indicates that approximately 96 million
printed maps were sold in the whole year of 1998. Compare this with the 120 million maps
that were delivered online to MapQuest.com’s world-wide consumers and business customers
in the single month of June 1999). According to MapQuest.com they deliver a staggering
average of 12 maps per second! (Novak 1999)
Clearly Web based mapping is making quantum leaps forward and can be used to deploy GIS
to potentially huge audiences at very low costs. The capabilities of many Web GIS in 1999
are different from those available last year. It is becoming easier to create a successful
Internet GIS compared to a year or so ago when it was considered a success simply to get a
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map on the Internet. However, creating a successful Internet GIS is still not without its
problems. Several important considerations need to be taken into account before installing a
Web GIS. These include:
1. Ease of installation
Web GIS products are normally installed directly onto an Internet Server. This of
course is all dependent upon the fact that you have a fully operational Internet Server
to install the product onto. The ease of configuration of Internet Servers does vary,
however they can prove time consuming and this is an important consideration that
should not be overlooked. Once the Internet Server is functional, the Web GIS can
be installed. The ease of this can range from being relatively simple, with ‘out of the
box’ packages (using set up ‘wizards’ that guide you through the process), to highly
complex, if the Web GIS can be adapted to suit a range of user requirements
(requiring high levels of programming skills). As a rule of thumb here, the more
software packages and databases that the system must interact with, the higher the
level of complexity and required programming skills.
2.

Speed of connectivity

The speed at which users will connect to the Web Server must also be given
consideration. Internet users are generally thought of as ‘searching for answers
quickly’ and have the ‘attention span of a goldfish’. The length of time it takes them
to access a Web GIS must be given consideration. If the Web GIS is to be used by
employees at an organisation via their Intranet then the time it takes to download a
site or data will be relatively fast. In this situation it will often be possible to deliver
a far more detailed and sophisticated system since users will not be forced to wait for
long periods of time. If on the other hand a large number of users connect via
modems, then the speed of their access is likely to be much slower. In this case the
system may need to be far simpler in order to reduce the amount of time that they sit
waiting for something to appear on their screen.
3. Internet GIS Architecture: Client versus Server
There are two basic approaches to deploying GIS or any other complex, data-driven
application on the Internet: server-side or client-side applications. In a server-side
Internet GIS application, a Web browser is used to generate server requests and
display the results. Server side applications can comply with Internet standards
because all the data processing is carried out on the server and the result is usually an
image and/or a row from a database that can be wrapped in HTML and sent back to
the client. When a new user arrives at a Server side application site, they tend to
receive an initial response more quickly than a client-side Internet GIS can provide.
In client-side Internet GIS, the client is enhanced to support GIS operations. This is
achieved by downloading a certain amount of GIS functionality to the client. This
may simply enhance the user interface slightly or it may involve downloading a fullblown plug-in. The time it takes to download these enhancements can be anything
from a few seconds to several minutes. The advantage is that once downloaded, they
often enhance user interfaces, improve performance, remove the need for all
processing to take place on the Server, and can implement solutions using vector
data.
For a full review of the pros and cons of client versus Server architectures, see
Gifford (1999).
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4. Database Links
It is common for a GIS to pull together data from a number of different databases. A
Web GIS may also need to link map data to attribute data in a separate database. For
example, a land parcel may be linked to database information about who owns the
parcel, how much it is worth and so on. Most major Web GIS allow various forms
of database interactivity, but this often requires the developer to write or adapt some
computer code. This customised code should then take an identifier, (for example a
land parcel number), construct a query with it to query the database (for example an
SQL query) and send this to the database. The records that the database returns then
need to be formatted into Hypertext Mark-up Language (HTML) and then sent back
to the requesting browser. The more complex the interaction between the Web GIS
and the database, the more difficult the system will be to set up. Likewise, the more
complex the data model, the more difficult the system will be to set up.
5. Spatial Data sources
Different GIS deal with spatial data in different ways. In many GIS it is possible to
import spatial data into a format that is compatible with the GIS. In other situations
it may be important to combine different sources of spatial data on a regular basis
(for example if data is from several different organisations or departments). An
example of this situation could be if a telecom engineer needed to see CAD drawings
as well as GIS data stored in several different systems across an organisation. If this
is the case then it will generally prove more complex to set up and control the
appearance of the Web GIS.
6. Live data or prepared data?
Many Web GIS deliver access to a prepared GIS with fixed data (for example the
location of automatic cash dispensers in a town). In this situation the GIS and its
associated maps can be ‘pre-prepared’ and then these maps are made available for
distribution. In other cases the Web GIS is required to access ‘live data’ and then
deliver this in a map-based format (for example a system that reports up to the
minute maps of congestion and traffic flows). In this situation there are several
issues to overcome, such as accessing the live data, refreshing the appearance of the
map and delivering a clear and presentable cartographic product through this ‘semiautomated system’.
7. Different levels of user access
Some information on a Web GIS may be publicly available. Other information may
be restricted to only certain users. In certain situations it may be necessary to allow
different levels of access to a Web GIS. For example, highly detailed large-scale
map data may be contained within the Web GIS but restricted due to licence
agreements with the data provider. This may only allow it to be used within an
organisation (for example over an Intranet). Other data within the system may be
accessible to the public (for example less detailed smaller scale map data). If the
system is to be used by both the company employees and the public, then problems
regarding ‘split level user access’ need to be addressed before the Web GIS can be
implemented.
8. Do you need to provide maps or GIS analysis?
Some Web GIS sites simply deliver pre-prepared maps with a certain level of user
interactivity. Other systems may need to offer the user the chance to view all sites
within a certain area, or all sites that are for sale, or the average level of pollution
within an area in a certain year. The more analysis that is required, the more
11

complex the Web GIS will be to implement. It should also be noted that the Web
Server (in most cases) will carry out this analysis, and this has the effect of slowing
down the system and hence making the response times from the server slower for
other concurrent users. So as a rule of thumb, if large levels of analysis need to be
carried out, then larger amounts of memory and processing power are required on
the Web Server.
For a full review of Internet Mapping products and pricing see Kendall (1999).

1.7 Summary
Clearly there is a need to improve access to environmental information, and encourage
sustainable development. EIS offer a variety of tools and technologies to assist the
management and use of environmentally related data and information, and hence can be used
as a tool to help to achieve this goal. If we are to strive to achieve the most efficient form of a
sustainable Information Society, EIS, their tools and results should attract the interest of as
wide an audience as possible. The role of the Internet, Public participation and the
development of Internet GIS are important factors in taking this potential further.

2.0 Methods: Development of the System
The development of the EIS was directed by:
q
q
q
q
q
q

2.1

The wishes of the Jackson Environment Institute and the Centre for Advanced Spatial
Analysis (CASA)
The advice of environmental officers from the London boroughs
Advice from other main interested parties including, Stanger Science and Environment,
Government Office for London (GoL), the Ordnance Survey (OS)
Comments and suggestions made by the people via the Public Participation Internet site
The constraints of data availability
The constraints of the software

Hardware and Software available for the EIS

Hardware:
Dell GIS Server: 266MHz with 128 MB RAM and 8 GB Disk space
Dell Data Server: Dual Processor 133MHz with 128 MB RAM and 16 GB Disk space
Dell Laptop:
Pentium 233MHz with 64 MB RAM and 4 GB Disk space
Software:
Operating System:
Web Server:
Database:
GIS capability:
GIS Server:
Programming:

Windows NT 4.0 (NT Server and NT Workstation).
Microsoft Internet Information Server
Oracle 8.0.3, ESRI SDE 3.0, Microsoft Access ’97
ESRI ArcView 3.1, Arc/INFO 7.2.1, ArcExplorer, MapObjects 1.2
ESRI ArcView IMS, MapObjects IMS 2.0, ArcExplorer
Visual Basic 6.0, PERL, JavaScript, JAVA, Macromedia Dreamweaver2
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2.2

Requirements

2.2.1 Initial Requirements
The initial requirements for the EIS were outlined by the Jackson Environment Institute and
the Centre for Advanced Spatial Analysis and these have already been discussed in the
previous chapter. Although the aim of an EIS is to integrate a wealth of environmental
information, it was decided that a prototype system needed to focus on one particular
environmental issue. After some consultation with local authorities, GoL, London First and
LPAC it was decided that the problem of delivering information about air pollution should be
tackled. It was agreed that this initial focus could and would change if the public participation
survey revealed that potential users of the EIS ranked other environmental issues on a higher
level.
After some discussion at this early stage, the project was officially named LEO or London
Environment Online. Work commenced upon gathering information about air quality
monitoring in London, collecting air quality data and investigating numerous other data
sources including 1991 Population Census data, cartographic data, aerial photography and
other information relating to air pollution.
2.2.2 The Public Participation site
Several months into the project the ‘Public Participation’ web site was launched and
publicised (see Appendix C). This encouraged people to offer their opinions about an EIS for
London. This was designed to encourage people to approach the problem with an open mind
and it directed people to other Web based EIS in order that they could develop an idea of what
an EIS could potentially offer London. Although the site outlined some of the possible
benefits of such a system, the aim was not to pre-empt peoples opinions with ideas about what
the site should offer. Instead, they were then encouraged to complete a three page
questionnaire online which asked questions about which types of environmental information
they ranked as being most important, how often they would like to see such a system updated
and how they would like to see the information displayed. It asked them how they currently
access environmental information (if at all) and encouraged them to give comments and
suggestions upon what could be useful in the site. See Appendix C for the full questionnaire.
2.2.3 The user profile
The Public Participation web site also collected some information about the people who
completed the questionnaire, asking amongst other things which age bracket they were in and
what their occupation was. It became clear that the system would need to deliver information
to a spectrum of users. Different people would wish to gain different types of information
from the EIS since some users would have little or no understanding of environmental issues
while others might be environmental scientists. Users could range from school children
through to concerned parents, local authority staff through to government ministers.
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Figure 2.1 LEO – The possible user profile. Derived from Spring (1999)

2.3

Data Available

2.3.1 Air Quality data
A range of data was required before LEO could deliver data about air pollution. The first was
the location and attribute information for the air monitoring stations in and around London.
Air quality is monitored in a number of ways around London. The method that provides the
most regular updates is the system that uses a number of automatic monitoring stations.
These are sites that can house an inlet tube and all the other associated equipment that is
required to monitor the various pollutants in the air around the site. In some cases these are
small purpose built huts. In other situations the equipment is located inside a building
(usually local authority owned buildings) and the inlet tube gathers air and dust particles from
outside the building.
Typically, air quality is recorded at these automatic monitoring sites every hour or every three
hours and is automatically transmitted via the telecommunications network to a central
database. The National Environmental Technology Centre (NETCEN) maintains this
database (and other information about the sites), on behalf of the UK Department of the
Environment, Transport and the Regions (DETR). This information can be accessed in
tabular format through a Web site called ‘The UK National Air Quality Information Archive’.
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Figure 2.2 LEO – Tabular data from the NETCEN / DETR Web site

The associated metadata for these monitoring sites was gathered via the NETCEN web site,
including X,Y co-ordinates for the automatic monitoring stations (derived from National Grid
references) and other associated information about the site (address, postcode, whether the
site is roadside or kerbside or away from the road and other general details). This information
was then integrated into ArcView and converted into a ‘shapefile’.
Air quality is also monitored on a less frequent basis by the use of diffusion tubes. These
small metal tubes are strapped in locations around London (usually to lampposts) and slowly
monitor average pollution levels over a period of time. This is typically carried out for
Nitrogen Dioxide and the tubes are removed and taken away to the laboratories for analysis
on a monthly basis (and thus provide a monthly average). Stanger Science and Environment
provided information about the location of these monitoring sites as six figure grid references
and this information was integrated into the GIS.
The issue of accessing the actual air quality data (rather than the metadata) was then
addressed. The idea was that this data could then be linked to the spatial data about the
monitoring sites (the GIS shapefiles) and air quality data displayed and queried via the EIS
interface.
This was problematic for a number of reasons. Firstly the data was stored on a remote
database that was only accessible using the http protocol. It was possible to make a copy of
the database, but this would only provide a ‘snapshot’ up to a given date and time since the
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database is being regularly updated every hour. Secondly, the database itself is very large,
since it contains data spanning back to the early 1970’s when the first automatic air quality
monitoring stations were operating. Finally, the database at NETCEN was structured in such
a way that every site had it’s own separate data table for every year. In order to access the
data via a spatial element these data tables needed to be restructured into one large database
with every row containing the levels of the various pollutants for a specific date and time for a
specific monitoring site.
For these reasons it was decided to create a restructured copy of the NETCEN database in
ORACLE that would have values added to it on a regular basis from the NETCEN database.
This way LEO could have it’s own copy of London’s air quality data, that could be
interrogated across the internal network. This would speed up queries and also reduce the
dependence of LEO upon the NETCEN web site, since if the NETCEN site was out of
operation for a day, then the LEO site would continue to operate, all be it with yesterday’s
data.
This was all achieved by creating an ORACLE table and using some PERL code to pull all
the values from the NETCEN site, restructure them and then push them into the ORACLE
table. Once this was achieved the PERL code was further developed so that it would ‘peel
off’ the latest air quality data on a regular basis and update the ORACLE table with these
values. This PERL code was then set up within the UNIX environment as a ‘cronjob’ or an
operation that could be set to run at a certain time (in this case every three hours, every day).
2.3.2 Cartographic data
However, in order for the environmental data to be viewed in context, a certain amount of
spatial ‘cartographic’ data needed to be incorporated. This was initially provided by the
Ordnance Survey with their ‘Meridian’ data set. This could be used as a backdrop until the
user zoomed in beyond a scale of around 1:10,000. It provided a number of key geographic
features including:
q
q
q
q

motorways, A roads, B roads and minor roads
main passenger railway lines
green spaces, parks and open land
river Thames and other water features

The Meridian data set has sufficient spatial and attribute data to allow network analysis to be
carried out. The data set was also considered detailed enough to allow users with local
knowledge to locate themselves at the street scale.
2.3.3 Aerial Photography
In some situations it might be necessary to zoom beyond the 1:10,000 scale limit that the
Meridian data had. This would either involve the Meridian data looking very ragged or the
incorporation of another data set. The ortho-rectified aerial photographs or orthophotographs
in the Cities Revealed™ product range provided a useful data source here. They could be
geo-referenced by creating a ‘world file’ with the same name as the image and then
introduced into the GIS in the correct spatial location. This was set up so that once the zoom
tool is used to view the screen closer than a scale of 1:10, 000 then the Meridian data set was
dropped and the backdrop automatically changed to the orthophotographs.

16

2.3.4 Emissions Inventory
It was also considered important to integrate a few other data sets that might display the
potential that a full EIS could offer. The first of these was the inventory of factories,
buildings and sites that are responsible for emissions of pollutants into the environment. The
local authorities and the Environment Agency keep details of these sites. Typical examples of
these emission sites include places responsible for:
q
q
q
q
q

fumes from an industrial chimney,
paint spray from a garage that re-sprays vehicles,
dust from a site that makes cement,
smoke from an incinerator,
sawdust from a timber yard.

Including these sites alongside the recorded levels of pollution could prove useful in the EIS
and so the geo-referenced data was incorporated into the GIS.
2.3.5 Census data
Information from the 1991 Census of England and Wales was also incorporated into the
system. This data was downloaded from the MIDAS web site, which has recently been relaunched as the Manchester Information and Associated Services (MIMAS) site
(http://www.mimas.ac.uk/). MIMAS is a free service for higher education throughout the UK
that provides a range of data including socio-economic data from the 1991 Census of England
and Wales. This data can be used in a GIS since it is collected in enumeration districts.
These enumeration districts are mapped out areas or polygons that each contain around 200 or
so households.
For the purpose of LEO a sample of data was incorporated into the GIS including population
and car ownership levels. A number of calculations were performed on this data set in order to
make the data more user-friendly, and then this was incorporated into the EIS.
The boundaries of the London Boroughs were also downloaded from the MIDAS web site.
Using this data it was possible to identify sites and locations that fell within the area (and
therefore the remit) of a particular London Borough.
2.3.6 Other Miscellaneous data
Two other data sets were provided by the Ordnance Survey. The first were 1:10,000 scale
colour raster data for certain parts of London. By creating ‘world’ files this data could
become geo-referenced and incorporated into the GIS. These were used in place of the
orthophotographs to provide a more detailed data set once a user zoomed in beyond a certain
point. However, this data did not work well once used in the Web Interface of the EIS and so
was left out of the EIS.
The other data set that the Ordnance Survey supplied was the geo-locations for all the
postcodes in London. This was ‘point’ data that was incorporated into the GIS. Every point
represented a full London postcode. Using the GIS it was possible to search and then zoom to
a particular postcode. Also it made it possible to carry out some quality assurance testing on
existing data sets to ensure that they had the correct postcode (like the emissions sites and the
automatic air quality monitoring sites).
Although the GIS made it possible to integrate several different types of data it was
recognised that other data may be added to the system in the future. In the short term it was
recognised that there was considerable interest in the possibilities of incorporating data from a
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desktop EIS on Brownfield sites in London. A certain amount of structure would be required
in order to avoid having a multitude of data sets in numerous locations, none of which
conformed to any standards. In the long term it was necessary to develop a system that went
some way to conforming to OpenGIS standards (i.e. not becoming dependant upon a
particular GIS system) and was fully scalable (i.e. could expand and grow without collapsing
under it’s own weight). With these issues in mind a data model was developed.

2.4
Data Model
The aim of the data model was to design and test a database model that would operate
efficiently with spatial data, temporal data and other data about London’s environment. It
needed to be designed so that it could grow and incorporate other environmental data over
time, whether this be spatial data (points, lines, polygons, complex polygons), temporal data
or other data. It also needed to be designed to achieve at least a Third Normalised Form of
database normalisation. (For details on database normalisation see Teorey 1999).
It was decided that the core of the data model should be the spatially referenced data. In the
case of air quality monitoring this would be all the points in London where air quality was
recorded. In the case of Brownfield sites this could be a polygon where land-use was deemed
derelict and in the case of roads, this could be a line where traffic congestion was monitored.
Although all these features would be recorded with an Area and a Perimeter, in the case of the
‘Point features’ and the ‘Line features’ the Area and Perimeter would be set to zero. This way
all spatial data within the EIS could fit into this pre-designed structure.
Every feature was designed to have its maximum and minimum X and Y co-ordinates
recorded in order to speed up the process of spatial searches. In the case of points this would
be simply set to being the same as the X and Y co-ordinate of the point. In the case of lines
and polygons, the corners of a bounding rectangle that totally enclosed the feature would
define it. A routine was developed in Avenue (the customisable programming language used
by ArcView) to calculate and populate these attributes.
A unique reference code or ‘Primary Key’ made every spatial feature identifiable. This
Primary key could be automatically generated as new features were added to the database or it
could be input by hand (provided it was unique) if it needed to conform to a reference system
that already existed.
From here it was then possible to integrate information from a range of non-spatial data tables
within the database (see figure 2.2). This data could then be combined with the spatial data
by means of joins based upon Primary key values in order to pull in further information about
the site. This could include:
q
q
q

an environmental data category for the site,
the previous, present and proposed usage of the site,
details about the person, company, organisation or Borough responsible for the
site.

As well as this structured data model, it was possible to set up links to actual data files on the
site. These data files could be held in a variety of formats from simple Web pages
(‘Hotlinks’) to large, temporally indexed databases (as was the case with the air quality data).
The air quality data table was a particularly difficult piece of environmental information to
structure and implement for a number of reasons. Firstly it contains hundreds of thousands of
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records which made it a slow data table to work with. The data table was restructured and
indexed a number of times and its performance improved substantially. It also proved
difficult to develop a Primary key for every row in the data table that was easy to query.
Instead, specifying a combination of two or more column values (for example, a specific air
monitoring site, on a particular date-time value) identified unique rows. Finally, the fact that
the database was essentially ‘live’ and was being updated with values on a regular basis meant
that at certain regular intervals the database would run particularly slowly whilst it was being
updated with the latest data.

Figure 2.3 The relational database structure for LEO

ESRI’s Spatial Database Engine was used to input and manage the database in Oracle since it
made it possible to store and access large amounts of spatial, temporal and other data from an
Oracle database through a common interface. Spatial Database Engine (SDE) is client/server
software package which enables spatial data to be stored, managed, and quickly retrieved
from leading commercial database management systems like Oracle, Microsoft SQL Server,
Sybase, IBM DB2, and Informix. SDE is a scalable solution, enabling spatial data to be easily
integrated with the rest of an organisation's non-spatial data, in environments ranging from
small work groups to large-scale enterprise implementations.
Another advantage with SDE is that it is integrated with ESRI's family of client applications
(Arc/Info, ArcView, MapObjects and ArcExplorer) as well as leading CAD products like
MicroStation and AutoCAD. ESRI summarise the advantages of SDE as the ability to:
q

Manage very large databases composed of millions of spatial features
commonly encountered in databases associated with utility infrastructure, oil
exploration, land records, regional and state transportation networks,
insurance company customer locations, etc.
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q
q

q

q

q

Support multiple users with open access to spatial data, without having to
use NFS file mounting.
Provide open data access across local and wide area networks and the
Internet using TCP/IP protocol. SDE provides fast access in heterogeneous
environments that include UNIX and Microsoft Windows clients and
servers.
Quickly retrieve data and perform spatial and geometric analysis with 14
topological searches, buffering, overlays and intersections, dissolve and clip,
and topological data cleaning.
Develop custom applications using SDE software’s open development
environments including the C API and extended SQL API (available on
selected releases). Developers can use MapObjects Professional with popular
Windows development environments such as Visual Basic and Visual C++.
Custom applications can also be created with Arc/Info using the Open
Development Environment (ODE), or ArcView GIS using Avenue software.
Integrate with existing applications by embedding mapping content and
spatial analysis into an application without having to invoke traditional GIS
technologies.
Source: ESRI 2nd December 1999
http://www.esri.com/software/sde/

During this time an NT Server was configured as a Web Server with a Primary Domain
Server name of ‘Brownfield’ running Microsoft Internet Information Server. The addition of
GIS software meant that Brownfield could run GIS applications. A database server known as
‘BAT’ (running Oracle and SDE) could then be queried by ‘Brownfield’ either using SDE or
by using SQL through an ODBC connection. The data on BAT was being regularly checked
and updated by a series of PERL scripts which pulled in the live data from the DETR air
quality database, (see Figure 2.4).

Figure 2.4 The hardware and software structure for LEO
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Using this set up of hardware and software it was possible to start to deliver the results of air
quality queries through the GIS interface. Importantly, this approach spread the load of
queries to the EIS between the two servers which substantially improved the performance of
the EIS as a whole.

2.5
The development of LEO Version 1
Work began on Version 1 of LEO whilst data was still being gathered and the data model
design was still being worked upon. At first the information about the air quality monitoring
sites was integrated into ArcView along with some background cartographic data (the OS
Meridian data set), and this was viewed and queried via the desktop GIS interface as a very
basic desktop EIS.
ArcView enabled the use of ‘hotlinks’, which allow a user to select a tool and then click on a
feature on the map and cause the system to open up a file, image movie clip or other operation
depending upon how the system has been set up. With the customisation of some Avenue
scripts it was possible to allow this operation to open a Web browser with a particular web
page on it. This way the desktop EIS slowly started to integrate some Internet functionality,
although the EIS interface was still not web based.
Following this it became clear that it would be necessary to test out a fully functional Web
GIS fairly early on in the project. The quickest way to achieve this was to use one of ESRI’s
extensions for ArcView, namely the Internet Map Server or IMS extension. ArcView IMS is
an out-of-the-box GIS and mapping solution for publishing ArcView GIS maps on the
Internet. It includes a built-in setup wizard and ready-to-use Java applet, which make it
relatively simple to publish data quickly. The ESRI IMS supports industry-standard GIS
formats including ArcView GIS shapefiles, Arc/Info coverages, SDE layers, DWG, DXF,
DGN, and a variety of graphic images. This meant that there would be no need to convert data
to a proprietary format.
The result in the early stages was a basic Web GIS that delivered environmental meta
information about London through a Web browser. Using the basic ArcView solution it was
possible to pan and zoom around London, and click upon ‘Information points’ which turned
out to be air quality monitoring sites. Information was returned about the site (metadata
essentially), including the name of the site, the pollutants that were monitored there, some
details about the area immediately surrounding the site and so on. It also became possible to
develop ‘hyperlinks’ to other web based information about the site. This included the web
pages describing each site prepared by both Stanger Science and Environment and the South
East Institute for Public Health. These pages when viewed in conjunction with the EIS were
particularly useful since they had photographs of each individual automatic air quality
monitoring station, which could be viewed alongside the map data and provide the system
with an element of multimedia.
Once the basic Web GIS had been established the attention was turned to improving the
efficiency of the database by implementing the data model (outlined in section 2.4 above) and
integrating environmental data into the system (in this case air quality data). This was carried
out at first using ESRI’s SDE to implement and manage the spatial data in Oracle and using
the native Oracle and SQL environment to implement and update the other data tables. Again
the results were tested at first in ArcView as a desktop GIS before attempting to implement
them as a Web GIS.
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This particular set up worked well with the desktop EIS (the customised ArcView desktop
GIS). A series of scripts were developed which enabled the user to select a pollutant for a
particular date and time, and then the values for that particular ‘snapshot’ of London’s air
quality were displayed upon the map display as coloured symbols with a graduated colour.
The darker coloured dots represented locations where pollution levels were relatively high,
the lighter dots represented sites where pollution was relatively low.

Figure 2.5: The basic desktop EIS interacting with the air quality database.

However, although this set up worked fine within the desktop ArcView GIS sessions, it ran
into a number of problems and bugs when it was enabled within the IMS environment as a
Web based EIS. This was partly corrected by installing a newer version of ArcView IMS
(ArcView IMS 1.0A) that was designed to work with SDE 3.0, and it was partly corrected by
customising some of the Avenue scripts that make up the IMS extension. However, it
eventually became clear that using the data model as designed, (which integrates spatial data
in SDE and other data tables in Oracle), it would not be possible to use ArcView IMS. ESRI
UK acknowledged that there was a known bug here that caused all data table values to be
returned to a spatial data record (whether they matched a link value or not).
This proved to be a major set back since there was no foreseeable solution to this key
problem. In addition several major demonstrations of the EIS had been planned and to start
developing an EIS from scratch again was not possible in the given time frame. The solution
was to use SDE, not as a live part of the EIS, but instead to query and retrieve data and
generate shape files that could then be integrated into the Web based EIS, and then deleted
once no longer needed. This was achieved by adapting a number of Avenue scripts that could
query the Oracle database and then generate new shapefiles based upon these results.
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Figure 2.6: LEO Version 1 showing Ozone levels around Westminster.

This solution proved to be suitable for demonstration purposes, and provided that no more
than two users accessed the system at once then its response times were moderately fast.
However, it was necessary to run a number of views within an ArcView session at once (one
per piece of environmental information or in this case per pollutant). Each of these instances
were set up as individual Web GIS applications and so this began to take up a considerable
amount of memory upon the Web server. If a user became impatient and ended up sending a
number of different requests in quick succession, or if there were more than two users
accessing the system at once, then the Web GIS would run extremely slowly. In the worst
cases, it would crash or die completely and the whole system would need to be restarted.
It became clear that although ArcView IMS provided a quick and easy method for setting up a
simple Web GIS, it was too restrictive to provide a long-term solution. A new approach was
needed, along with a new development environment and a new and more flexible approach to
the Web GIS or IMS. This needed to offer a solution to the problems with concurrent users, it
needed to offer a customisable approach to database connectivity and it needed to offer a
development environment that was not dependent upon Java.
2.6
The development of LEO Version 2
MapObjects and MapObjects Internet Map Server (IMS) provided a solution to some of the
problems encountered in LEO Version 1. ESRI’s MapObjects is a collection of mapping and
GIS components that let developers add dynamic mapping and GIS capabilities to
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applications. Like ArcView IMS it is possible to operate with industry standard GIS
databases (ArcView shapefiles, Arc/Info coverages SDE etc).
MapObjects IMS is an extension to MapObjects that allows developers to use MapObjects to
create spatially enabled Web sites. Like ArcView IMS, this option allows the distribution of
Web mapping data via raster (image) format for standard web browsers. Unlike ArcView
IMS however, it also has the option to deliver Web mapping in a vector format if the client
downloads a free viewer (ArcExplorer).
Using MapObjects IMS and Visual Basic as a development environment it was possible to
quickly develop a simple EIS that could deliver environmental metadata through a Web
browser. This map based interface allowed the user to pan and zoom and to identify features
in much the same way as the simple ArcView IMS solution had allowed. However, unlike
the ArcView solution, the URL request syntax was flexible and did not depend upon Java
programming skills and a Java applet. This meant that customising this interface would prove
to be far easier. Also, the efficiency of the system meant that response times were much
faster than LEO Version 1 had ever been, and this also meant that the problems with
concurrent users that had been encountered before were not observed.

Figure 2.7: A simple MapObjects EIS for metadata.

However, the development of a functional Web based EIS, would depend upon first being
able to write sufficient code for MapObjects to work as a GIS ‘behind the scenes’. This is no
small task and due to the problems encountered in LEO Version 1 there was not sufficient
time to carry this out. Instead, a MapObjects IMS interface developed by ESRI called
MapObjectsISA was adapted. Using a combination of MapObjectsISA, JavaScript and
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MapObjects IMS it was possible to develop a more functional EIS. (See Appendix D for
details about MapObjectsISA)
Connections to the database server were established via the ODBC drivers in order to access
the data stored in Oracle on ‘BAT’. A number of scripts were adapted to allow the client to
make a selection about the data they wished to view. These selections would then be sent to
‘Brownfield’, converted into a correctly formatted SQL query, and then sent to ‘BAT’. The
results of the query could then be formatted by ‘Brownfield’ and returned to the client to be
displayed via the EIS interface.
It was also possible to offer several other advanced functions. One of these allowed the client
to select a particular layer, classify it into a specific number of classes, and then view this
layer on the map interface, shaded according to the classification. Another allowed the client
to digitise onto the EIS map interface. Either a single point or a number of points could be
digitised. If a number of points were used, then these points could then be converted into a
line or completed into a polygon. From here the system would automatically select and
provide statistics on the information layer below, (for example average air quality for a given
pollutant within the user-defined area). Points and Lines could be ‘buffered’ by a user
defined distance in order to select information that fell within a certain route or zone.
Using MapObjects IMS it proved far easier to provide one interface to a whole range of
environmental information than with LEO Version 1. Rather than having a number of
modules for each piece of environmental data or even for each pollutant measured at the air
quality monitoring stations, it was possible to offer a number of layers of information and
allow the client to select which of these they wished to view. This method proved particularly
useful for exploring environmental and other information at a particular location by using a
tool that enabled the user to ‘drill down’ through all the information at a particular site. Using
this it was possible to view not only the air quality levels at that site, but also the number of
people living in that area, the number of cars in the area, the amount of ‘open’ or ‘green
space’ in the area, the name of the Borough that the location was in, and the types of
emissions from factories in the area.
The use of a vector based Web mapping solution was also attempted using ESRI’s free
software called ArcExplorer (see figure 2.8). This client-based solution to the problem of
Web mapping allowed the user slightly more functionality through the interface. However,
since it required the user to download the free software rather than view the EIS directly
through a Web browser this solution was not pursued any further.
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Figure 2.8: The ArcExplorer interface to LEO Version 2.
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3.0 The London Environment Online System
3.1
LEO Version 1
The first prototype developed during the project was built using ArcView IMS. Users could
access the site with a Web browser and would be faced with a selection menu (along the lefthand side of figure 3.1 below). From here they could choose to find out more about certain
types of environmental information, (Brownfield sites, protected areas, demographic data and
air quality data), although in this prototype it was only the air quality data that was functional.
Once they selected a piece of information to view, they were challenged to provide a valid
user name and password.

Figure 3.1: The LEO Version 1 at the top level. To venture beyond here requires a valid user name and
password.

From here it was possible to view air quality information. This could simply be information
about where and how air quality is monitored, or it could be combined with other information.
This was presented either simply as graphical information, or interactive information that the
user can discover by clicking on a particular site.
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Figure 3.2 Air quality monitoring sites around central London.
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Figure 3.3 Emission sources shown alongside population density.
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A selection of tools (along the top of the map interface) allows the user to interact with the
system. A magnifying glass with a plus or a minus sign allows the user to zoom in or zoom
out. The hand symbol allows the user to ‘pan’ or move around the current area of interest.
An information tool (small letter ‘i’) allows the user to click on a location and find out what
information is available for that point. The ‘lightening strike’ symbol allows users to click on
a location and ‘hyperlink’ to other information about that site (for example another Web site).
The binoculars bring up a ‘pop-up’ window that allows the user to search for particular
information. This could be the name of a site as is the case in figure 3.3 (above) where the
user has searched for a site with emissions called ‘Mastermelt’. The location itself is then
highlighted.

Figure 3.4 Air quality levels for a particular time of day (2nd August 1999) in central London. This is shown
along with levels of car ownership as a backdrop. The zoom in tool has been selected and the user has drawn a
box to define the area that they would like to zoom to. Information about one of the sites is shown on the right
hand side. This includes links to other data tables and Web sites as ‘hyperlinks’.
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Figure 3.5 When the user zooms in beyond a certain scale, other information is then integrated. Here an ortho-photograph provides the backdrop to information about air quality.
On the right hand side, information about one of the sites (this time a photograph of the monitoring site from the DETR Web site) can be shown.
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Figure 3.6 Air quality (Ozone) shown with Ordnance Survey Meridian data as a backdrop. Using the ‘Find’ tool (bottom left) it is possible to search for sites that meet certain
criteria. Here it is being used to search for ‘kerbside’ sites.
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An interface was developed to allow the user to view air quality information other than the
latest levels of particular pollutants. Using this interface it was planned that the user could
request to view the levels of pollution for a particular date, or to view statistical summary
information, such as the average level of a pollutant in a particular month or year. It was also
planned that the user would be able to request to view those sites that had recorded high levels
of pollution over a year.
The Ordnance Survey postcode data (‘CodePoint™’) was also used, and using this it was
planned that the user would be able to key in a particular postcode and zoom to that area.
However, due to technical problems outlined in section 2.5 (above), this was not possible.
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Figure 3.7 The search interface for constructing a database query for air quality data
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Figure 3.8 The search interface for a Postcode query
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3.2
LEO Version 2
The second prototype was built using MapObjects IMS and MapObjects ISA. In contrast to
version 1, users could combine data sets using one interface. This could then be updated as
they chose to add more information or search for other information. A simple interface was
designed to allow the user to enter the system and allowed them to make a choice about the
information they wished to see initially.

Figure 3.9 LEO Version 2 initial page.

LEO Version 2 focused around air quality information. It was possible to either trigger the
system to search for the latest air quality levels from the database and present them through
the map interface, or it was possible to present a combination of environmental information
that the user could query and manipulate themselves. This was carried out and managed by a
MapObjects application (see figure 3.10) that was set up to run on the Web server
(‘Brownfield’). As well as providing the Web mapping capabilities necessary to run the EIS,
this application acted as a ‘broker’ for any requests from the client. This included converting
requests from the EIS into requests to the database in order to retrieve and present information
to the user.
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Figure 3.10 The MapObjects application in operation on the Web server. Requests to the database were
managed here (see the In and the Out box above).
Figure 3.11 The user interface to Leo Version 2 with a range of environmental data.
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Like LEO Version 1, pan and zoom tools were provided allowing the user to ‘move’ around
London to view the information in the map display window. Using the information tool (‘i’)
to click on objects within the map display window, users can also retrieve information for
particular layers. The ‘Map Key’ in the right hand ‘frame’ is regularly updated to only show
the information that is actively being displayed at the time. A ‘location’ map in the bottom
left hand corner can be used to show the user their whereabouts and can be used to pan
quickly to a new location. A number of other tools offer some slightly more complex features
with the system.
The following figures demonstrate some of the capabilities of LEO Version 2.

Figure 3.12 It was possible to query the latest pollution levels from the database. The ‘frame’ in the bottom
right of this screen shot shows a simple query being constructed.
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Figure 3.13 Complex queries could also be constructed. The ‘frame’ in the bottom right of this screen shot shows a query being constructed to find sites where dust particle levels
(PM10) were ‘High’ during the month of July 1999.
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Figure 3.14 Queries to the system would take between 20 seconds and a minute to be carried out. Once completed, individual results could be viewed in more detail.
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Figure 3.15 Individual monitoring sites would be automatically identified and zoomed to. Air quality levels and meta information were then shown in the right hand window.
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Figure 3.16 Other information could be identified through the Web mapping interface. This could be point, line or polygon based information. In this example, population levels for
a particular area are identified.
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Figure 3.17 A tool was developed that allowed all the information layers to be queried for a location. In this example, air quality, the name of the borough, the population and the
car ownership details are returned for one particular point (the dot in the centre of the map interface).
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Figure 3.18 The MapObjects based solution was also flexible enough to allow the user to decide how they wished to classify a data set. The example above shows the user
classifying the population data set using ‘Population per square kilometre’. They have chosen 5 classes and a ‘quantile’ method of classification. The result is that the population
layer is added to the map interface and displayed in the classes as requested.
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Figure 3.19 It was also possible for a user to digitise directly onto the map interface. This was a function that a number of key potential users had requested. In the example above,
the user has almost completed digitising a polygon. They have put down 5 points (joined by a line) in the centre of the map interface. By pressing the ‘Complete Area’ button in the
right hand ‘frame’, the polygon is automatically completed by joining the first and last points together.
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Figure 3.20 The MapObjects solution also meant it was possible to ‘buffer’ features. In this example a buffer distance has been set of 800 metres.
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Figure 3.21 Summary statistics could be obtained for an area captured within a buffer. Here the area digitised in figure 3.19 has been buffered by 800 metres. Polygons have then
been identified in the active layer that fall into this catchment area. The ‘frame’ on the lower right hand side of the EIS has returned summary information about this data (totals,
averages, maximum, minimum and standard deviations).
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Figure 3.22 It was possible to monitor which parts of the EIS were popular. All the requests to the Web server
were stored and statistics could be generated to show which types of request were most popular. Also, the
system recorded the number of times that particular modules within the EIS were used. This meant that at any
time, the system could be checked to see how many hits each module was receiving.
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4.0 Discussion and Conclusion
Environmental Information Systems provide a powerful tool for integrating, analysing and
disseminating environmental information. With the use of the Internet and particularly
Internet GIS and Web mapping, these tools can potentially be used by a large audience. This
is particularly useful when providing environmental information for cities such as London and
is an important step in striving to achieve the goals of Sustainable Development.
The London Environment Online (LEO) system was put together within the time frame and
most of the objectives were achieved. The completed system provides a useful tool that
demonstrates the advantages that LEO has over more traditionally independent ways of
dealing with environmental problems. The fact that the system is delivered using a Web
browser with no need to any software (‘plugins’) to be downloaded by the client means that a
fully active system could be accessed by a large number of people very quickly. The system
has shown that it is possible to create different user interfaces for different users and to restrict
access to certain data sets. The system can be monitored whilst it is running and tailored
according to demand. This means that further developments to LEO could be as a result of
monitoring demand for particular types of information.
However, throughout the development of LEO, many issues were raised. One in particular is
the problem of data ownership and data access. This is still a major issue in the UK.
Ironically, it proved easy to find solutions to problems with notoriously difficult data sets
such as the Ordnance Survey (they provided the new ‘NetMap™’ product for background
mapping, which could be offered, free of charge over the Internet). Other data sets were
problematic and could only be demonstrated on the system to an audience of potential users.
There was also an issue with liability, since providing access to other people’s data through
the LEO interface meant that there was confusion over who was liable for the data if issues
arose.
There are also some problems with the design of the system. EIS by their very nature can be
very complex systems to implement and manage. They are attempting to provide information
about the environment, which is a very complex system to attempt to simplify and model.
This complexity is very hard to communicate in a simple and user friendly manner to a wide
audience. At the same time, for the system to be popular and receive widespread use, it needs
to be simple, intuitive and easy to use. This is still an issue that needs to be addressed.
It should also be recognised that levels of Internet access in the UK are still relatively low.
The system is designed to deliver environmental information to a wide audience, but at the
moment the number of people accessing information via the Internet (the sole audience for an
online EIS) is still relatively low.
Despite the success and interest raised by the public participation element of LEO through the
online questionnaire and the apparent demand for an EIS for London, there are currently very
few successful on-line examples. People should be aware that delivering complex systems
through electronic media is still a real challenge. Many EIS have been built around a GIS,
and LEO is no exception to this. Internet GIS is providing many solutions to the problem of
delivering GIS to a wide audience, but is still a very young technology and is developing
rapidly. Several new developments have taken place during this project, and it will almost
certainly be possible to deliver a much faster and more stable solution to the types of
problems that have arisen with LEO in 18 months time.
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Overall there have been many successes. EIS are very complex, and the data model
developed for LEO is a dynamic and scalable solution. Of all the environmental data sets that
could have been delivered through the prototype, live air quality data is probably the most
difficult to tackle. This has meant that the configuration of LEO has been problematic at
times. However it has proven that it is possible to create an interface to the air quality
information, so the integration of other environmental information should by contrast should
be far less complex to deal with.

5.0 Future Work
There are many possible future developments that could take place with London Environment
Online.
Almost certainly, one of the most important is to provide a simple user interface that can be
used and accessed by the public. This should probably simply deliver up to the minute
information about the environment in London (air quality for example) and not confuse
people by offering them the chance to query a database or classify the results themselves.
At the same time it is important to integrate other data into the interface to allow specialist
users to look at a wealth of information combined in the EIS. Other data for inclusion could
be details about traffic congestion and traffic loads on particular roads since this will provide
an important link between air quality and traffic congestion. Information on health levels in
the different parts of London is another layer of information that several people have
suggested should be included.
The LEO questionnaire resulted in a large response from people interested in London’s
environment. The combined comments that people made in the online questionnaire add up
to over 40,000 words. This makes the task of analysing the future user requirements a slow
process. However, once these are completed, they should undoubtedly form the basis for any
future work on LEO.
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Appendix A: Acronyms
Avenue
CAD
CASA
DGN
DWG
DXF
EIS
GIF
GIS
HTML
IMS
Internet Browser
JPEG
LEO
PERL
Shapefiles
SQL
UCL
UN
UNEP
Web browser
WWW

ArcView’s script language
Computer Aided Design
Centre for Advanced Spatial Analysis (UCL)
Microstation / CAD drawing file
AutoCAD drawing, or older Generic CAD drawing format
Drawing Exchange Format
Environmental Information System
Graphical Interchange Format
Geographical Information System
Hyper Text Mark-up Language
Internet Map Server
Software for accessing files on WWW (typically free)
Joint Photographic Experts Group (Internet Image format)
London Environment Online
Practical Extraction and Reporting Language
Spatial data files used by ArcView
Standard Query Language
University College London
United Nations
United Nations Environment Programme
(see Internet browser)
World Wide Web, or the Internet
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Appendix B: Environmental Information on the World Wide Web
(Note: Prefix with http://)
Antarctic Digital Database www.nerc-bas.ac.uk/public/magic/add.html
Best Environmental Directories www.ulb.ac.be/ceese/meta/cdscom.htm
Black Sea Environmental Information Network www.grid.maps.ch/bsein
(www.bsein.mhi.iuf.net)
Black Sea Information System www.domi.invenis.com.tr/blacksea
Catalogue of Data Sources Austria udk.bmu.gv.at
Catalogue of Data Sources: WebCDS www.mu.niedersachsen.de/cds/start_info.html
Central European Environment
Danube Information System DANIS www.ceit.sk/wwwisis/danis.htm
Data Request Facility - CEDAR www.cedar.univie.ac.at
DETR Environment pages www.environment.detr.gov.uk/
DG XI - Environment europa.eu.int/comm/dg11/index_en.htm
DG XIII - Telecommunication europa.eu.int/comm/dg13/index.htm
Environment Agency United Kindgdom www.environment-agency.gov.uk/
Environment Protection Agency Austria www.ubavie.gv.at/
Environmental Action Plan Task Force www.oecd.org/env/
Environmental Links www.bmu.de/links/index.htm
ESRI (Environmental Systems Research Institute) www.esri.com/
ESRI Internet Mapping www.esri.com/software/internetmaps/index.html
European Environment Agency EEA www.eea.eu.int/frlinks.htm
EWSE (Earth Observation) ewse.ceo.org/
Friends of the Earth United Kingdm www.foe.co.uk/
GELOS (Environmental Metainformation) ceo.gelos.org/
GRID Arendal www.grida.no/baltic/
HARC Environmental Information Systems Laboratory q.eisl.harc.edu/~www/
National Environmental Technology Centre (NETCEN)
www.aeat.co.uk/netcen/airqual/netcen.html
New Jersey Rutgers urban.rutgers.edu/
Ordnance Survey www.ordsvy.gov.uk/home/index.html
San Diego/Tijuana Interactive Atlas cart.sandag.cog.ca.us/sdtij/intro.html
US Census Bureau www.census.gov/
US Environmental Agency (EPA) www.epa.org
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Appendix C: LEO Questionnaire
Section 1 (of 3) - Environmental Issues in London
Please indicate your personal interest in the environmental issues listed below:
Very
Interested
PossiblyInterested
Interested
¤
¡
¡
Air Quality
¤
¡
¡
Noise Pollution
¤
¡
¡
Traffic (e.g. Private Vehicles)
¤
¡
¡
Public Transport
¤
¡
¡
Biodiversity / Ecology
¤
¡
¡
Land Use / Planning
¤
¡
¡
Recycling/Waste Management
¤
¡
¡
Water Quality
¤
¡
¡
Contaminated Land
¤
¡
¡
Environmental Health Risks
¤
¡
¡
Environmental Regulations
¤
¡
¡
Environmental Campaigns

Not Interested
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡

For those issues that you have expressed an interest in, please could you tell us why you are interested?
Please also note, which of the issues is the most important to you.

Are there any other environmental issues of interest to you that we have left out from the above list? If
so, please tell us about those environmental issues that you feel we should have included.

If information on those issues that you have expressed an interest in was available on London
Environment Online, how frequently do you think the information should be updated?
Hourly
Daily
Weekly
Monthly
¤
¡
¡
¡
Air Quality
¤
¡
¡
¡
Noise Pollution
¤
¡
¡
¡
Traffic (e.g. Private Vehicles)
¤
¡
¡
¡
Public Transport
¤
¡
¡
¡
Biodiversity / Ecology
¤
¡
¡
¡
Land Use/Planning
¤
¡
¡
¡
Recycling/Waste Management
¤
¡
¡
¡
Water Quality
¤
¡
¡
¡
Contaminated Land
¤
¡
¡
¡
Environmental Health Risks
¤
¡
¡
¡
Environmental Regulations
¤
¡
¡
¡
Environmental Campaigns
To submit Section 1 and continue to Section 2, press this button
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Section 2 (of 3) - Environmental Issues and 'London Environment Online' (LEO)
We would like to know what you think an Internet site about London's environment should look like
and the information that it should contain. To help us, please could you comment on the following
statements:
I strongly
I would
I strongly
I have no
agree
agree in
disagree
opinion on
some cases
this
¤
¡
¡
¡
I would like the contact details of
environmental organisations to be available on
LEO
¤
¡
¡
¡
I would like the option to contact someone in
person about the environmental issues
presented in LEO
I would like to learn more about
¤
¡
¡
¡
environmental regulations and policy through
my use of LEO
I would like LEO to contain an on-line
¤
¡
¡
¡
discussion forum for environmental issues
¤
¡
¡
¡
I would like to learn more about
environmental issues in my local area through
LEO.
I would like to learn more about the
relationship between the environment and my
health through the use of LEO

¤

¡

¡

¡

We would like to know how you would like environmental issues to be presented in London
Environment Online (LEO). To help us, please could you comment on the following statements:
I strongly
I have no
I strongly
I would
disagree
opinion on
agree
agree in
this
some cases
Environmental issues on LEO should be
¤
¡
¡
¡
clearly explained using text and illustrations
LEO should contain maps so that
¤
¡
¡
¡
environmental issues and data can be located
LEO should provide access to 'raw'
¤
¡
¡
¡
environmental data collected for London
I would like to be able to analyse
¤
¡
¡
¡
environmental data for London using LEO
I would like to create customised reports for
my own needs using environmental data-sets
¤
¡
¡
¡
about London
I would like to be able to receive a customised
¤
¡
¡
¡
report to my e-mail account
Do you ever actively seek information on London's environmental issues? If so, could you tell us how
you seek this information? Please tick as many boxes as you like
I never seek information
q Legislation
q Magazines
q
CD-ROM
q TV/Radio
q Regulatory bodies
q
Internet
q Local newspaper
q Environmental professionals
q
Governmental reports
q National newspaper
q Environmental organisations
q
Please give an example of the types of information that you seek and why, and also where you find it.
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Do you see any advantages/disadvantages in obtaining environmental information over the Internet
(compared to other forms). Please tell us what those advantages/disadvantages might be?

Do you have any comments, suggestions or thoughts that you think we should consider when designing
London Environment Online?

To submit Section 2 and continue to Section 3, press this button
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Section 3 (of 3) - Personal information
To help us classify your answers and relate them to other answers to the questionnaire, we
would like to ask you several personal questions.
¤
Gender:
Male
¡
Female
¤
¡
¡
Age group:
Under 11
25-29
50-54
¡
¡
¡
11-13
30-34
55-59
¡
¡
¡
14-16
35-39
60-64
¡
¡
¡
17-18
40-44
65 and over
¡
¡
19-24
45-49
Occupation:
County or Borough in which
you live
The first part of your postcode
(e.g. SW17):
How frequently you use the Internet?
Daily
¤
Fortnightly
¡
Once a week
¡
Monthly
¡
Several times
Rarely
¡
¡
a week
Where do you access the Internet from?
q
q
Home
University
q
q
Work
Library
q
q
School
Cybercafe
Other (please describe)
Do you consider yourself to be concerned about London's environment?
I am very
I am not
¤
¡
concerned
concerned
I am slightly
I do not
¡
¡
concerned
know
Are you a member of any environmental organisation / Pressure group?
q
Yes, I'm a member of environmental group / organisation
If so, Which?
Finally, how did you learned about this site?

To submit Section 3 and completing the questionnaire, press this button

57

4

Appendix D: MapObjects ISA

All Figures reproduced from the Ordnance Survey mapping with the permission of the controller of Her
Majesty's Stationery Office © Crown Copyright. Unauthorised reproduction infringes Crown Copyright and
may lead to prosecution or civil proceedings. University College London ED 281336 1999.
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