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Abstract

Government intervention in the allocation of resources has been a norm in developing countries; 

although market liberalisation has been increasingly adopted in recent years. Such interventions 

have implications for both natural and built environments, although the extent to which these 

implications are taken into account in actual policy measures is questionable. In India at the time 

of Independence, the government aimed at achieving the maximum economic growth in the 

shortest possible time frame through a programme of rapid industrial development. However, 

balanced regional development was an additional objective, and this the government attempted to 

achieve through the dispersal of industry in the country. This was done through a system of 

subsidies and incentives. As environmental concerns emerged in the early eighties, these were 

added as a further constraint on industrial location. This thesis attempts to trace the interventions 

of the government and their impact on the regional dispersal of industries; and to compare this 

with an optimal spatial allocation determined both by backward area development priorities and 

environmental considerations. The extent to which actual and optimal spatial dispersion coincide 

is tested for the paper industry in India. It is concluded that the actual dispersal is not in 

accordance with the optimum since environmental concerns were often overlooked. Further, the 

manner in which location controls were instituted and the regulatory system itself created rents and 

hence opportunities for corruption, which served to undermine the planning process. Lastly, 

subsidies added to the existing inefficiencies in the economy.



Table of contents

Acknowledgements......................................................................................................................... 12

Chapter 1: Introduction...............................................................................................................  13

1.0 Background.................................................................................................................  13

1.1 Government and industry ......................................................................................  14

1.2 The hypothesis ..........................................................................................................  15

Chapter 2: Lessons from location and trade literature and the model ...........................  17

2.0 Background.................................................................................................................  17

2.1 Factors affecting the choice of location................................................................  17

2.2 Least cost location m o d e ls ......................................................................................  24

2.2.1 Elaboration of the location m o d e ls ....................................................... 26

2.3 Models from trade literature.................................................................................. 27

2.4 Limitations of the two approaches: exclusion of the environment ...............  29

2.5 Environmental standards and the movement of industry................................. 31

2.5.1 The historv of the d eb ate ........................................................................  33

2.5.2 Theoretical framework............................................................................. 34

2.5.2.1 Multinational investments and the translocation of 

industry......................................................................................  34

2.5.3 Two sides of the same coin: the push and null factors....................  36

2.5.3.1 The capital flight hypothesis....................................................  37

2.5.3.2 Pollution hay en hypothesis....................................................... 41

2.6 A comparison of some location m od els................................................................  46

2.7 Reasons for a new approach .................................................................................. 48

2.8 The cost-benefit fram ew ork....................................................................................  48

2.9 Introduction to the model ......................................................................................  50

2.10 Formulating the prob lem ....................................................................................... 51

2.11 Modelling the problem ...........................................................................................  51

2.11.1 Maximisation of private benefit: producers.....................................  51

2.11.2 Transaction in the labour m arket....................................................... 56

2.11.3 Maximisation of social benefit: government.....................................  57



2.12 The impact of corruption....................................................................................... 61

2.12.1 The impact of corruption on producers ..........................................  61

2.12.2 Corruption and the consum ers...........................................................  64

2.12.3 Corruption of the planning process....................................................  64

2.13 Finding the optim um ..............................................................................................  64

2.13.1 Without corruption ...............................................................................  65

2.13.2 With corruption....................................................................................... 67

2.14 Chapter summary: using the model ................................................................... 68

Chapter 3: Corruption with regulation and enforcem ent....................................................  70

3.0 Background.................................................................................................................  70

3.1 Survey of literature on crime and punishment .................................................. 70

3.1.1 Time allocation models ..........................................................................  71

3.1.2 Portfolio allocation m od els .....................................................................  72

3.1.3 Econometric studies of c r im e ................................................................  73

3.2 Survey of the literature on corruption ................................................................  78

3.2.1 The reasons for corruption ................................................................... 79

3.2.2 The different approaches to corruption ............................................. 80

3.2.2.1 The functionalist approach......................................................  80

3.2.2.2 The institutionalist approach .................................................. 81

3.2.2.3 The microeconomic approach ...............................................  82

3.2.2.3.1 Low level corruption ...............................................  83

3.2.2.3.2 Higher level corruption ..........................................  86

3.2.2.3.3 Political corruption .................................................. 86

3.2.2.3.4 Centralised kleptocracy ..........................................  86

3.2.2.4 The macroeconomic approach.................................................. 87

3.3 Limitations of definitions involved in models ....................................................  91

3.4 Limitation of empirical data for support ...........................................................  93

3.5 Punishment and deterrence ....................................................................................  95

3.6 Estimating the corruption equation .....................................................................  98

3.6.1 Estimating the penaltv function .........................................................  98

3.6.1.1 The probability of being detected as non-compliant, once 

audited ..............    98

3.6.1.2 Probability of being prosecuted, given the firms are non- 

compliant ....................................................................................  99



3.6.13 The expected penalties for non compliance.......................  100

3.6.1.4 Estimating the penaltv function..........................................  100

3.6.2 Cost of pollution abatem ent................................................................. 100

3.6.2.1 The estimated investment in pollution control....................  101

3.6.2.2 Fiscal incentives for pollution control ..................................... 101

3.6.3 Estimating the range of the b r ib e ........................................................... 102

3.7 Policy implications....................................................................................................... 103

3.7.1 Micro level possibilities of reform ....................................................... 105

3.7.1.1 The supply of bribes ...................................................................105

3.7.1.2 The demand for bribes................................................................ 107

3.7.2 Macro level possibilities of reform ....................................................  109

3.7.2.1 Anti-comiption drives .............................................................. 110

3.7.3 A SWOT approach to reform ...........................................................  112

3.8 Chapter sum m ary....................................................................................................... 114

Chapter 4: Current state of the environment in I n d ia ........................................................... 116

4.0 Introduction ................................................................................................................. 116

4.1 W a te r ............................................................................................................................. 116

4.1.1 R iv ers ............................................................................................................ 116

4.1.2 Ground W ater............................................................................................. 119

4.1.3 Trends in water qualitv and the impact of regu lation ...................... 120

4.2 Air .................................................................................................................................. 122

4.2.1 Trends in air q u a litv ................................................................................. 123

4.2.2 The impact of regu lation ..........................................................................124

4.3 Land and fo rests ..........................................................................................................127

4.4 Urban-rural environment........................................................................................... 130

4.4.1 The urban environm ent............................................................................ 130

4.4.2 The rural environment...............................................................................130

4.5 The cost of inaction .....................................................................................................130

4.6 Constitutional m easures............................................................................................. 132

4.7 Administrative measures ........................................................................................... 132

4.8 Legislative measures .................................................................................................. 133

4.9 A critique of environmental litigation in India ....................................................133

4.10 Existing standards.....................................................................................................137

4.11 A review of the functioning of the state pollution boards................................ 138



4.12 Regional aspects of environmental legislations....................................................140

4.13 Overview of the environmental regulatory system .............................................141

4.14 Policies for environmental reform ........................................................................143

4.14.1 The central regulatorv b o d v ...................................................................143

4.14.2 The pollution control boards ................................................................ 143

4.14.3 The legislation ........................................................................................... 144

4.14.4 The non-governmental agencies and the p u b lic ................................ 146

4.15 The cost of subsidies ................................................................................................ 147

4.16 Chapter summary ..................................................................................................... 152

Chapter 5: A case study - the Indian paper industry..............................................................154

5.0 Introduction ................................................................................................................. 154

5.1 Why paper? ................................................................................................................. 154

5.2 The Indian paper industry.........................................................................................158

5.2.0 The paper industrv ....................................................................................158

5.2.1 Historv ..........................................................................................................158

5.2.2 Government policv ....................................................................................163

5.2.2.1 Pricing p o lic y ............................................................................... 164

5.2.3 Geographical distribution.......................................................................... 165

5.2.4 Capital requirements................................................................................. 166

5.2.5 Production technologv............................................................................... 168

5.2.5.1 The pulping process..................................................................... 168

5.2.5.2 The paper making process .........................................................169

5.2.5.3 Discharge standards for the industrv ....................................... 172

5.2.6 Problems faced bv the industrv ..............................................................175

5.2.7 Suggested policv for improving the performance of the

industrv ..................................................................................................... 176

5.2.7.1 Industrial plantations on degraded land ...................................177

5.2.7.2 Land ceilings ............................................................................... 177

5.2.7.3 Assistance from financial institutions........................................177

5.2.7.4 Development of chemical recovery techniques for agro

based plants................................................................................. 178

5.2.7.5 Easing of restrictions on the industry....................................... 178

52.1.6 Scaling up of existing capacity............................................... 178

5.2.1.1 Evaluation of the true long term comparative advantage



of the industrv ............................................................................ 179

5.2.9. Summary and conclusions....................................................................... 179

5.2.10 Section sum m ary....................................................................................180

5.3 The industrial survey.................................................................................................. 181

5.3.0 Data collection............................................................................................. 181

5.3.1 Research objectives ....................................................................................181

5.3.2 Some a priori assumptions....................................................................... 182

5.3.3 Reasons for the studv ...............................................................................182

5.3.4 M ethodologv................................................................................................187

5.3.4.1 Sample........................................................................................... 189

5.3.4.2 Description of instrument........................................................... 190

5.3.4.3 Data analysis ...............................................................................192

5.4 Results of industrial survey ...................................................................................... 192

5.4.0 Results ..........................................................................................................192

5.4.1 The general characteristics of the respondents ...................................192

5.4.2 Process information....................................................................................194

5.4.2.1 Factors affecting location........................................................... 195

5.4.2.2 Expansion plans .......................................................................... 197

5.4.3 Pollution and pollution control information ....................................... 200

5.4.3.1 Air pollution.................................................................................200

5.4.3.2 Water pollution............................................................................200

5.4.3.3 Land pollution ............................................................................ 201

5.4.3.4 Pollution control..........................................................................201

5.4.4 Attitude of the industrv towards pollution control............................. 204

5.4.5 Government interventions ....................................................................... 205

5.4.6 Impact of environmental legislation ......................................................207

5.4.7 Section sum m arv........................................................................................ 208

5.5 The influence of regulation, subsidy and per capita subsidy ...........................208

5.6 Chapter sum m ary.......................................................................................................210

Chapter 6: Summary and conclusions........................................................................................ 211

6.0 A broad overview ....................................................................................................... 211

6.1 New findings from the industrial survey ................................................................215

6.2 Answering the questions ...........................................................................................217

6.2.1 Environmental criteria not incorporated in location guideline . . . 218



6.2.2 Corruption undermines the planning process ........................................219

6.2.3 Subsidies add to existing distortions........................................................220

R eferences......................................................................................................................................... 221

A ppendix............................................................................................................................................249

Appendix I: First order conditions .............................................................................. 249

Appendix II: Government directives in the industrial sector in India ...............251

Appendix III: Laws enacted by parliament and the state legislatures .................261

Appendix IV: Survey of environmental legislation in In d ia .....................................263

Appendix V: Environmental impact of the paper industry .................................. 271

Appendix VI: The questionnaire ................................................................................... 276

Appendix VII: State-wise probability of non-compliance ....................................... 292



List of Tables

Chapter 2

Table 2.6.1: Comparison of m od els ...........................................................................................  46

Chapter 3

Table 3.6.1: Probability of being detected, once audited: industry-wise............................ 99

Chapter 4

Table 4.1.1: Water quality of major rivers in In d ia ................................................................ 118

Table 4.1.2: Trends in water pollution ...................................................................................... 121

Table 4.2.1: National ambient air quality standards................................................................ 123

Table 4.3.1: Areas facing environmental degradation..............................................................128

Table 4.5.1: Summary of major annual environmental costs in In d ia ................................ 131

Table 4.15.1: Subsidy on economic services in 1987-88 ........................................................... 151

Chapter 5

Table 5.1.1: Pollution intensity of production: exponential acute ........................................155

Table 5.1.2: Lower bound pollution intensity of production by m ed iu m ........................... 156

Table 5.2.1: Profitability in the in d u stry ....................................................................................159

Table 5.2.2: Trends in the paper industry ................................................................................. 161

Table 5.2.3: Financial status of the industry ............................................................................ 162

Table 5.2.4: Production shares in the industry.......................................................................... 162

Table 5.2.5: Regional dispersal of capacities .............................................................................166

Table 5.2.6: Performance norms (1992 operational parameter) .......................................... 170

Table 5.2.7: Energy consumption norms in the industry ...................................................... 171

Table 5.2.8: Effluent characteristics from large p la n ts ........................................................... 173

Table 5.2.9: Effluent characteristics of small p la n ts ................................................................ 173

Table 5.2.10: Emission standards for large p la n ts ...................................................................173

Table 5.2.11: Water pollution loads per tonne paper produced .......................................... 174

Table 5.2.12: Solid wastes generated, kg/t paper produced....................................................174

10



List o f Tables (cant.)

Table 5.4.1: Cross tabulation of plant size with raw material u s e d ....................................193

Table 5.4.2: Cross tabulation of soda pulping with raw material used ............................ 194

Table 5.4.3: Factors affecting choice of location....................................................................... 196

Table 5.4.4: Cross tabulation of raw materials currently used with those for expansion 197

Table 5.4.5: Factors affecting expansion p la n s..........................................................................199

Table 5.4.6: Cross tabulation of investment in pollution control and legislation phase . 203

Table 5.4.7: Cross tabulation of importance of backward area incentives with inputs . 206

Table 5.5.1: Summary of regression analysis............................................................................ 209

List of Figures

Chapter 5

Figure 5.2.1: Location of productive capacity (1992) ............................................................ 167

Chapter 6

Figure 6.1: Overview of thesis .....................................................................................................212

11



Acknowledgements

I have drawn on numerous sources for the completion of this thesis - each contributing in various 

manners. This research was made possible due to the funding I received under the Chevening 

Scheme, administered by The British Council. To my supervisor and constant guide, Professor 

D.W.Pearce, I owe an enormous debt. Not only did he prove to be a source of inspiration and 

support but also broke holidays to respond to urgent calls from a distraught Phd. student. There 

were several others whose brains I picked, and against whom I bounced ideas. Special mention 

must necessarily be to Prof.D.Ulph, who aided in the reconstruction effort of the model. 

Dr.S.Fankhauser was hounded on more than one holiday to comment on the model. The final 

forms owes much to their forbearance and help. Dr.Nagaraj Sivasubramanium helped with the 

analysis of the questionnaire - making the learning process of SPSS elementary. A special mention 

of thanks is overdue to the members/ firms of the paper industry in India. Their overwhelming 

response to the questionnaire sent out contributed to the results and new dimensions of this work. 

I would specially like to single out members of the All India Agro Paper Mills Association and 

the Indian Paper Mills Association for their help and support. I am not in a position to disclose 

those representatives of the industry who took time to fill out the questionnaire and to discuss 

issues; my sincere thanks for their cooperation. Thanks are also due to all at the Department of 

Economics, who contributed in various ways to the completion of this work. The support of my 

friends cannot be left unmentioned, those who contributed by supporting me emotionally through 

this period. However, I would like to name some, in particular Ines, Ujjwal, Alka, "Uncle" and 

last, but not least to David, who took temporary leave of his senses and offered to read parts of 

this thesis.

I would like to express my thanks my family. First my parents, without whom I would not have 

been here in the first case and who ran the rearguard action in India for the material I needed or 

forgot. To my sister, Sujata, and brother, Ashwin, whose telephone bills and depleted bank 

balances are mute testimonials to their support. To Diya, who never failed to cheer me up. To my 

husband, Peter Bom, who no doubt is thankful that our long distance marriage is finally over, I 

thank for encouragement, support, comfort and bearing with all the mood vacillations of Phd. 

student. To my family, I dedicate my thesis.

12



Chapter 1: Introduction

1.0 Background

The decision of a firm to locate in a particular region is dominated by economic considerations 

such as the availability of inputs (raw materials) and infrastmcture, proximity to markets, the 

proximity and reliability of the transportation network, and any financial incentives. Once made, 

location within an economic system affects the accessibility to and the costs of exchange with 

other regions of the system. Hence, space, by its very nature, can be a source of market power 

(Gabszewicz and Thisse, 1991). Given that market activities are performed at dispersed points in 

space, each firm generally finds only a few rivals in its immediate neighbourhood; the influence 

of competitors at a distance being weakened by transportation costs'. Spatially dispersed markets 

can, therefore, confer on producers quasi-monopolistic powers, allowing for the adoption of a 

variety of methods to increase the firms’ market share. In light of this, location of a firm in 

economic and geographic space assumes importance.

However, it is not only space that can confer quasi-monopolistic powers on firms. The public 

policy adopted by the government, too, can ensure this. The government has a range of possible 

interventions by which it can choose the degree of active participation in the operation of the 

economy. Government interventions, never altogether rejected by any school of thought, can vary 

greatly in scale and degree, and can influence the location decisions of firms. The issue, then, is 

what is the impact of such interventions? Can it result in significant distortions to the working of 

the economy? We raise this question in the context of India.

While an optimal public policy, one best suited to a country’s needs and current allocations, can, 

in principle, be assessed for every country, in practice the public policy adopted is one in line with 

the ideological commitments of the ruling party. This is can be seen in the case of India

"...There is no necessary conflict between this [utilisation of manpower for production] 
and the introduction of machinery on the largest scale, providing that machinery is used 
primarily for absorbing labour and not for creating fresh unemployment I am convinced

' The relative importance of transportation costs vary, however, depending on the nature of the product.
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that the rapid industrialisation of India is essential to relieve the pressure on land, to
combat poverty and raise standards of living, I am equally convinced that the most
careful planning and adjustment are necessary if we are to reap the full benefit of
industrialisation and avoid many of its dangers The evils of unrestricted and unplanned
industrialisation are well recognised today....These [heavy engineering and machine 
making industry, scientific research institutes and electric power] must be the foundations 
of all planning, and the national planning committee laid the great emphasis on them." 
(Jawaharlal Nehru, 1946, The Discovery of India, pp 402-403, parenthesis added).

The quotation sums up the prevailing philosophy in India at the time of Independence. It was felt 

that a quasi-centralised planning system would achieve the development goals in the shortest 

period, as well as directing the location of industries along a given social criteria^. Thus, 

government interventions in regional policy, especially those in the industrial sector, were expected 

to have a significant impact on the regional economy and its environment.

1.1 Government and industry

Given that the Indian government decided actively to participate in the development plans of the 

country, determining both the pace and direction of the movement through interventions in the 

industrial sector, it was natural that it attempted to "arrange" the location of these industries 

according to some social criteria. The question now is did this intervention reflect all the costs and 

benefits of industrial activity in the region? If the answer is in the negative, then economic 

distortion will have occurred.

Government interventions are not always resisted. In the case of the environment, government 

assistance is often sought to make the first correction for market failure. However, subsequent 

interventions depend on the role the state assumes. If governments choose to influence location 

decisions, both direct and indirect methods can be adopted. The direct measures include easier 

issuance of licences to industries willing to locate in government decreed backward areas, or other 

siting restrictions. The indirect measures include incentives such as tax holidays, subsidies, lower 

tariff rates, etc. More recently, environmental standards have been used to direct the movement

2 The reasons for a regional approach to policy was stated as the development of backward regions; attempting 
to establish parity between regions; increasing the revenue from the regions; providing employment; 
developing a labour force; spreading knowhow all over the country; utilisation of local raw materials within 
the regions; and the inter-sectoral spin-offs expected from the location o f industries within a region.

14



of industry. Higher standards in a region imply greater costs of abatement^ and hence a change 

in the profit levels of the firms. Further, given real world conditions, the introduction of standards 

would generally necessitate the government undertaking enforcement activities as well.

Theoretically, the social planner, with full information, operates in a manner similar to the 

Walrasian arbitrator. In short, the market is both mimicked and cleared. An optimum allocation 

of resources by a social planner implies the location of productive capacity along economic and 

environmental guidelines, with inputs being priced at their cost of production/extraction plus the 

anticipated environmental impact of these activities. The social planner would then attempt to 

equate the marginal net social benefits in each area; the benefits being reduced by the net 

environmental damage inflicted by the production activity'*. The social planner is thus required 

to maximise a complex social welfare function - one in which the benefits are estimated net of the 

environmental impact, and with differentiated weights; the weights reflecting the development 

priorities assigned to the region. This implies that if the benefits are reaped in a designated 

backward area, the social weight attached is greater than if these benefits accrued to an developed 

region.

The theoretical foundations of industrial location can be found in two strands of economic 

literature: the location theory literature and the international trade literature. While the location 

theory literature adopts more of a microeconomic approach to modelling the decisions of the firms; 

the international trade literature looks more at the macro impacts of differences in comparative 

advantage a country possesses in the production of a good. The differences in the two approaches 

adopted by the two strands of literature lie more in terms of degree rather than of kind^.

1.2 The hypothesis

What was the effect of the various incentives offered? Did the Indian government actually manage 

to change the allocation of resources, through the location of industry in the country, using

5

This assumes that standards are set with due accord given to the varying assimilative capacities across regions.

The policy adopted by the government towards industrial location would be in line with the broader policy: 
"contain and contaminate" or "disperse and dilute".

In terms of modelling approaches, it could broadly be categorized in the following manner; trade models adopt 
a top down approach while location models focus on a bottom up approach.
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incentives? And, if so, was this the ‘right’ adjustment to make?

Given that environmental concerns are a relatively recent concern, did the neglect of them add to 

the distortion between what the government set out to achieve and what it has actually managed? 

Further, the question arises as to how effective has environmental legislation been in influencing 

industrial location in the country? If environmental legislation has been ineffectual (in influencing 

industrial location) what has been the reason - was it due to bad laws; low enforcement; poor 

institutional back-up; or the fact that corruption undermined the entire planning process?

With the inclusion of environmental concerns to the government’s planning process, has the 

government been effective in reducing the concentration of industry and pollutants?

The central question, therefore, is: has the actual location of industry under quasi-centralised 

planning been consistent with the hypothised optimum, found by the maximisation of the 

complex social welfare function?

The preliminary surmise is no and this arises due to the fact that

(i) the environment was not accounted for when the planning process was initiated

(ii) the planning system itself created opportunities for rent/ regulatory capture

(iii) subsidies were a source of added inefficiency/ dead weight burden in the economy.

16



Chapter 2: Lessons from location and trade literature and the model

2.0 Background

As mentioned previously, location of industry derives from two strands of literature: the trade 

literature and the location theory literature. In some sense, both aim to achieve the same goal - the 

optimum location of an industry. The only difference lies in the degree or scale, since the trade 

literature looks at allocations between countries while the location literature focuses on location 

within a country/ between regions. Hicks (1959) suggested the possible merger of the two strands, 

outlining a framework for the application of trade literature to location theory. He maintained that 

rapid economic growth need not be evenly spread throughout an economy, although forces such 

as the movement of goods, capital and labour worked against such a concentration. At times, these 

forces needed to be supplemented by political action to be fully effective in reducing inequalities. 

The difference between the two strands, therefore, arose at the opportunity for political action, 

which is limited at the international level (Hicks, 1959).

2.1 Factors affecting the choice of location

Setting up an industry involves three decision sets: a) the scale of operations, b) the technique of 

production, and c) the location of the firm. In the short run, the decisions are neither reversible 

nor isolated from each other. Different locations would support different scales of operation, giving 

access to markets of different sizes. The scale of operation itself needs to be supported by the 

technique of production. The efficiency of operations is estimated from the material throughput 

in the system. Inputs and outputs must be transported to and from the firm, bearing in mind that 

both supply and demand typically fall away with distance. The actual distance involved depends 

on the size of local demand, the transportability of the product, the availability of raw materials/ 

resources, the cost and transportability of the resources (Beckmann, 1987). Profit maximisation 

is assumed to be the prime objective of a business enterprise, the optimal scale is determined by 

the profit maximising output level, ie.the point where the marginal revenue equals the marginal 

cost.
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In countries where active government intervention exists, governmental allocation of resources to 

production and/ or abatement activities are additional determinants of location. These interventions 

could be in the form of tariff or investment subsidies, administered prices or emission taxes. Firms, 

therefore, respond to changes in availability of resources for production and the amount necessary 

to be committed to abatement. A short survey of factors identified by theory follows.

One of the most basic factors a firm needs to consider is where it will locate, ie.the land and its 

attributes. While often not a major cost variable, due to its relatively small proportion in total 

(capital) or annualized costs, the importance of land stems from the locational advantage it can 

confer upon a firm, in terms of proximity to resources, transport facilities, markets, etc.

Capital finance availability is another influencing variable. This is a function of the financial 

standing of the company. Capital equipment refers to the machinery and buildings required in the 

production process. Their availability and cost also influence siting decisions. Given that capital 

equipment is immobile in the short run, careful analysis is required prior to the actual investment. 

The extent to which capital is used in relation to labour is a function of the scale of operations, 

ie.the extent of the market, rather than relative factor prices (Kaldor, 1972).

Depending on the importance of raw materials (ie.their intensity of use in the production process), 

their availability could affect the location of the industry. Much depends on their distribution, 

ie.whether the resources are concentrated at points or distributed over space. If the distribution is 

scattered over a wide geographical area, transport costs gain importance. The capacity of individual 

resource deposits, too, impinge on the location decision (Beckmann, 1968).

Another factor which could affect industrial location is energv availability since this is both an 

input to the production process plus a fuel for transport (of raw materials to the plant and output 

to the markets). While the amount, type and quality of energy used in different industries varies, 

the surety of supplies is equally important to all. Changes in energy prices would imply a change 

in the intensity of energy use and capital investment in conservation, fuel switching and/or 

substitution by other factors. Lakshmanan and Bolton (1987) are of the opinion that the direct 

effect on plant location is unlikely to be dramatic (unless the change is so drastic as to induce fuel 

switching) because energy intensive industries tend to locate near sources of energy, thereby 

reducing the direct influence of energy on location decisions. The indirect effects could be high 

due to the increased transportation costs incurred.
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Technical constraints limit the area of location. While technology is often assumed to be 

exogenously determined it, in fact, depends on the type and quality of resources available and the 

capacity of the resources. The production technology adopted and its capacity, in turn, determine 

the cost of production. Activities are often oriented towards the technical requirements of the 

production process eg. mining is raw material oriented, while beer is water oriented. Location also 

depends on the type of process, whether weight gaining or weight losing. In general, a weight 

gaining activity would be located near the market. If there are no technical problems with 

construction, costs typically decrease with size since capacity increases at a rate faster than 

construction costs.

All production processes require inputs of labour; the number of people employed, the type and 

level of skill demanded varying between firms. Depending on the type and level of skill demanded 

from labour, the wages differ and hence the cost to the firm. Concentration of industries at a point 

implies that the employers have access to a pooled market for labour and hence there exists a 

lower probability of a shortage of labour. Industry might actually migrate in response to lower 

wage rates. Evidence to support this is provided by U.S. defence industries which are now 

migrating to the South in response to lower wage rates (Uchitelle, 1995). For labour, it implies 

a lower probability of unemployment. A larger labour force, on the other hand, could lead to 

unionisation and, hence, a management structure to administer it, ie.the formation of the "new 

technostructure" (Galbraith, 1967) to support it. In later stages, management might influence 

subsequent location, because despite small numbers their proportional share in costs is high due 

to high salaries.

As far back as 1776, A.Smith postulated that the division of labour was a social phenomenon, 

limited by the extent of the market. Given this relationship, every change in the use of resources 

and/or reorganisation of productive activity would create new opportunities; blurring the concept 

of an optimum allocation.

Assuming that one manufacturing unit serves the entire market and individuals have no residential 

location preference, manufacturing activity locates near demand^ centres. Correspondingly demand

The demand for a good depends on the good type, the price charged, the distribution of income and the 
market area. The market area depends on the price charged which in turn is determined by the costs and the 
pricing policy adopted by the industry. The pricing policy is, to a large extent, determined by the extent o f  
the market area and the sales potential. Hence, the determinants of demand are each determined by the other.
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centres spring up around centres of manufacturing activity, ie.a case of increasing returns. If 

economies of scale are large or the share of manufacturing in expenditure is high, dispersion 

becomes the optimal policy, regardless of the transportation costs involved. When discontinuities 

are introduced, the analysis gets complicated since indivisibilities imply a minimum scale. Larger 

capacity is then simply a multiple of the minimum. However, the convex Pareto production 

frontier still holds. Innovations can be modelled as a function of a leaming-by-doing process or 

dynamic economies of scale. If the assumption of linearity is dropped in favour of convexity 

(ie.increasing returns to scale), the notion of general equilibrium disappears since variables are now 

endogenous and depend on history, preferences of consumers, the transformation function of 

products and supply of resources. Further, the nature of functions and social institutions become 

dynamic. With increasing returns, change is continuous (progressive) and cumulative’.

The location of the market plays an important role. Firms tend to locate near sources of final 

consumption, since proximity allows it to extend an influence over the market, especially during 

the introduction of a new product. Easy access to a market allows for economies of scale to be 

achieved (Chisholm, 1966). Market influences arise due to

(i) the nature of the market - ie.the number, type and distribution of potential consumers. Thus, 

the habits and preferences of consumers would need to be known. It is also influenced by the 

location of competitors®.

(ii) the cost of supplying the market - ie.depends on the distribution network and the (unit) cost 

of transportation.

(iii) the price charged. However, the price is itself an outcome of market conditions, a function 

of demand and the cost of supplying the market. It is an important determinant of location because 

price affects the volume of sales to both final and intermediate consumers. A variety of pricing 

options exist for the firm though the one actually adopted depends largely on the position held by 

the firm in the market, ie.monopoly, duopoly, etc.

The choice of location depends not only on the price charged but also the proximity of the site 

to existing transport facilities, since transportation and freight rates affect input and output prices.

This is derived from Say’s Law which states that supply creates its own demand, there is no long run 
disequilibrium/ glut, though short run gluts could arise because o f incorrect output mix, etc. The hypothesis 
assumes that distribution o f earned income is proportional and leads to increased demand. However, unless 
backed by an adequate purchasing power, supply is unlikely to create functional demand. The law ignores 
situations where savings are stimulated but demand is held at the same level.

in accordance with Krugman’s (1991a) hypothesis, firms would locate together, creating a Cournot’s duopoly 
situation.
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The costs depend on the amount to be moved, the distance, and the transportation mode adopted. 

If the costs are very high, their share in total costs could be significant and so firms would tend 

to choose locations that minimise total transportation requirements, reducing transport costs. This 

could lead to an increased concentration of industries around raw material sites, especially if 

production is weight losing. On the other hand, if the price is very low, and the share of 

transportation costs in total costs is also low, location decisions could be driven by factor/ input 

prices, leading to a localisation/ concentration of industry/ economic activity. If transportation costs 

increase less than proportionately with distance, and transhipment costs exist, firms would tend 

to locate near raw material sources or markets, avoiding the intermediate points (Isard, 1975). 

Freight charges could be in the form of

(i) postage stamp rate, ie.the same rate is charged for the entire country

(ii) blanket rate, ie.the same rate is charged for a particular zone; or

(iii) line haul rate which depends on the distance over which the goods are transported. This 

freight rate is determined by three variables: the distance, the nature of the good and the quantity/ 

weight/ volume to be transported. The relationship is not necessarily linear.

In an economy characterised by high transportation costs and a small share of footloose 

manufacturing and/ or weak economies of scale, distribution manufacturing activities are 

determined by the distribution of the market. With lower transportation costs, a higher 

manufacturing share or stronger economies of scale, a circular causation sets in ie.industries tend 

to locate in regions that have a head start (Krugman, 1991b).

Concentration of economic activity provides external economies. Firms tend to locate together to 

access the same skilled labour plus the other locally available inputs. Additionally, intra-industry 

linkages also exist. However, proximal location also contributes to increased costs eg. of 

congestion, increased input prices due to scarcity, pollution, etc. If the industry does not relocate, 

the market might (in accordance with Tiebout’s (1956) hypothesis^).

Governments often try to influence location decisions through the use of public policv instmments, 

ie.taxes, subsidies, or incentives such as the provision of infrastructure. Failure by the government 

to clarify the potential tax situation can affect location decisions, as was displayed by the 

suspension of exploratory work by the Placer Pacific in Fiji (Tait, 1995). Stevens and Brackett

The hypothesis states that there exists a mechanism for the elicitation of preferences for public goods, so long 
as the voters can distinguish perfectly between goods/ jurisdictions.
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(1967) found that tax policy had a relatively small effect on the choice of location, unless carried 

to extremes. It, however, assumes a disproportionate significance in a businessman’s mind 

(Karaska and Bramhell, 1969). Castleman (1979) propounded the industrial flight hypothesis in 

response to the strict pollution laws laid down in the industrialised countries. He stated that 

polluting industries would tend to move to areas with lax environmental standards, since strict 

environmental standards lead to a deterioration in the comparative advantage of a region. He 

assumed that industries would be exported without any improvement. This approach was criticised 

by Levenstein and Ellers (1980) who felt that the sample chosen was very narrow, based on too 

few industries. Further, the impact of foreign direct investment had not been considered. Leonard 

(1988) identified the high degree of risk involved with foreign locations as the major impediment 

in the translocation of industry. Anti-multinational sentiments, unstable governments, lack of 

infrastructural support (leading to higher construction and managerial costs) contributed to a 

deterioration in the investment climate abroad. Factors such as inflation, depreciating currencies, 

demand for a local content in the final product, and constraints on profit repatriation also restrict 

international mobility. The United Nations (UN) report (1985), while acknowledging the existence 

of both schools, supported the critics of the capital flight hypothesis, in terms that "environmental 

differences should not be considered in isolation. The influence of real world location spillovers 

should be considered within the structure of costs, risks and returns". Another factor that has 

recently come to light is the impact a strong currency can have on the manufacturing advantage 

companies hold. The strength of the Deutsch Mark instilled fear in domestic producers, forcing 

them to search for alternative countries with weaker currencies, according to the chairman-elect 

of the Daimler-Benz, Mr.J.Schrempp (Skapinker and Lindemann, 1995).

The path dependency of geographical location is a function of the fixed costs of investment (F), 

the transportation costs (t) and the proportion of the population in manufacturing (P). A large F 

indicates strong economies of scale; while a large P indicates a large share of footloose industries. 

Initially, industries locate in areas with a large population and/or demand, ie.around traditional 

agricultural regions. As economies of scale set in, transport costs fall and a larger proportion of 

the population moves to the non-agricultural sector, creating additional incentives to continue in 

the region. Thus, increasing returns and the cumulative process of development are persuasive; 

giving a decisive role to historical accidents (Krugman, 1991a).

As has been seen, history does influence the choice of location. An additional factor could be that, 

in most cases, managers have a limited knowledge of the entire system but possess more complete
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knowledge of particular areas and hence tend to adopt a satisfysing approach in location decisions 

(Krugman, 1991b). Managers displayed a tendency to locate in areas where they had a greater 

knowledge of the region, the facilities, the administrative setup, etc. Chapman and Wells (1958) 

found that personal factors ranked fourth in the hierarchy of variables influencing location; after 

marketing, transportation facilities and labour. Further, new organisational structures of multiplant, 

multiproduct firms tend to foster an increased concentration of capital and decision making, on 

one hand with deglomeration, ie.a spreading of production units, on the other.

New behavioral aspects in business organisations could emerge from public policy interventions 

or from market positions adopted by a company. An example of this is the current 'greening' of 

business enterprises, whereby companies adopt a formal environmental policy. Often a board 

member is put in charge of environmental matters. Environmental impact assessment and auditing 

are typical programmes undertaken. Further impetus to the measures is provided by the fact that 

environmental measures can bring in economic benefits in cases where they improve the cost- 

effectiveness, reduce liability risks and introduce new products and new markets to companies 

(Winter, et al, 1988). Auditing also helps management control the environmental priorities and 

assess compliance with government legislation and company policies. The extent to which it 

affects location decisions depends on the company’s use of auditing, the environmental 

management strategy within investing company, the degree of enforcement by the government, etc. 

Very strict enforcement could act as a deterrent.

The extent to which the presence of externalities support the production of non-tradeable, 

specialised inputs and informational spillovers could result in lower costs of production, thereby 

creating an incentive to locate in a region. The technological conditions of non-traded goods 

determine the cost and/ or availability differentials in producer services across regions. Thus, 

achievements in the traded goods sector can depend on the degree of sophistication in the regional 

provision of non-traded inputs.

The above list of factors affecting location decisions is rather long; their relative 

importance/influence vaiying with the industry under consideration. On the basis of a postal survey 

of 254 manufacturing firms, Tong and Walters (1980) shortlisted the significant variables in 

location decisions. The ranking yielded the following top order: availability of transport services; 

labour attitudes; space for future expansion; availability of suitable plant sites; availability of 

utilities; cost of land; attitudes of local citizens; costs of construction. The cost of transportation
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held a lower rank. Environmental considerations (measured in terms of climate) had an 

exceedingly low rank. Regulation had both a positive and negative impact. The positive spinoffs 

of regulation involved innovation and attempts to emerge as market leaders/ reputation building, 

etc. At the international level, no significant influence of the environment has been found on 

industrial location trends. This could arise from the fact that the international comparative 

advantage is not seriously affected by environmental considerations or that internal changes within 

the company and use of early investment to emerge as market leader are of greater significance.

2.2 Least cost location models

Spatial economics is not a new discipline. Its roots can be traced back to von Thiinen’s (1826) 

theory of agricultural land use around a city. The theory was set up to explain rents for agricultural 

land, with the main determinant being the cost of transport. Assuming uniform land quality around 

a city and the city being the centre of demand, transport cost savings are associated with being 

located closer to the city centre. Hence, the rents proposed for land near the city centre would be 

higher; the rents falling away with distance from the centre. Thus a core-periphery distribution 

would be established between a city as the centre and its outskirts.

While von Thiinen tried to determine the type of production that would occur at a given location, 

Weber (1909) attempted to determine the optimum location of an industry, given the location of 

raw material and market sites, and their distribution. The basic determinant of Weber’s theory is 

transportation costs’®, with additional factors being those of labour costs and agglomeration” 

forces. Given that production was assumed to occur in a single stage, Weber derived the famous 

"location triangle", assuming that there were two different raw material sites and one consumption 

centre. The point of location was connected to these sites by weights; the weights being the cost 

of transportation. Thus, a least cost location, in terms of transportation costs, was determined.

The difference between the market price of a good and its production costs provides the maximum that a 
profit making company would be willing to spend for its transportation. Costs of transporting generally are 
a function o f their weight or bulk. Hence, the distance over which the commodity can be economically 
shipped is a function of production costs, market value and weight of goods. Pred (1964) predicted that an 
area specializing in mining will have a high proportion of heavy, low value goods in its exchange mix with 
little of the commodity value being available for transportation costs. The exchange area is thus more sensitive 
to transportation costs, specializing in a large proportion of short distance, local exchanges.

refers to concentration or reasons for proximal location.
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Weber, however, excluded institutional factors such as insurance, taxes, management, etc. Further, 

his assumption of constant demand was unrealistic, as was that of fixed labour. Hoover’s (1937, 

1948) analysis, too, was a least cost one where demand determinants are mentioned and reference 

made to the size of the market areas of firms. While Hoover’s analysis of agglomeration/ 

deglomeration forces is more acute, with emphasis on inter-industry linkages, it is similar to the 

Weberian analysis in so far as one substitutes among costs to arrive at the least cost location 

(Nixson, 1973).

The analysis this far had ignored demand, assuming that unlimited demand existed for the output 

at the prevailing market prices and that all sellers had equal access to the buying centre. This fitted 

in well with the assumptions of perfect competition (Nixson, 1973). Subsequent analysis developed 

more from monopolistic competition analysis, where buyers were assumed to be scattered over an 

area, each seller being a monopolist with respect to buyers near the plant. Demand was thus 

variable and least cost location became not only the site at which firms sold the greatest quantity 

of output at a given price; but also one from where firms could undersell its rivals, placing a wider 

market area under its control. This implied that high cost locations could also be profitable. It also 

marked a small deviation in the area of interest, ie.now the focus was more on the shape and size 

of a firm’s market area. Here fixed locations are assumed to derive the firms’ market area based 

on assumptions of an even scatter of buyers with identical demand schedules, a perfectly 

competitive market with all firms charging the same net mill prices, etc. (Fetter, 1924)* .̂

Hotelling (1929) introduced a locational-interdependence aspect that attempts to explain a firms’ 

struggle for a location, based on assumptions similar to those of Fetter’s. On the basis of these 

assumptions, Hotelling concluded that firms would locate at the centre of the market area, 

assuming that transportation costs on the final product does not affect the quantity of the good 

demanded. If this assumption is dropped, a shift from the mid-point could be profitable. Thus, 

final location would also depend on the willingness of consumers to absorb costs. Hotelling’s 

paper provides the basis for future studies of competitive location models, which allow for the use 

of arguments of game theory (Eiselt, et al, 1993).

The limitation of the locational-interdependence school was the exclusion of cost in a manner 

similar to the prior exclusion of demand in the least cost theories.

If the assumptions of net mill prices or uniform freight rates are dropped, varying shapes o f the market area 
are arrived at, due to price differentiation.
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2.2.1 Elaboration of the location models

It was Losch (1954) who attempted to synthesise both the cost and demand elements of location 

theory under monopolistic competition. He assumed a broad homogenous plain, with uniform 

transport features in all directions and an even scatter of raw materials for industrial production; 

a uniform distribution of agricultural population with a uniform set of preferences; technical 

knowledge and production opportunities disseminated throughout the plain and available to all. 

Based on these assumptions, he predicted a circular market area, limited by freight costs and the 

benefits of large scale production and specialisation. But, as other producers enter to absorb the 

excess profits from the unmet demand‘d, the market shrinks and equilibrium is attained when a 

hexagonal market area is achieved*'*. Depending on the nature of the product, the sizes of the 

hexagons/market areas vary. If market areas are small, firms tend to be clustered which then 

minimises freight burdens and leads to agglomeration. Imperfections in demand or discontinuous 

population settlements result in market areas taking on different shapes.

Losch’s major contribution was the definition of the firm’s minimum market size area and the 

picture of industrial agglomeration. He, however, failed to a) include cost differentials other than 

those attributable to transportation and agglomeration advantages, and b) extend/complete the 

analysis of the impact of agglomeration. His, nevertheless, was the first attempt to encompass 

general spatial relations in a set of equations (Isard, 1956). And it is from Losch’s "derived"'^ 

hypothesis of location depending on the firms cost of production at alternative locations and the 

market area it is able to control, that all subsequent work has been developed.

Greenhut (1956) further developed the concept of maximum profit location'^. He stressed that 

while average production costs could be higher, the monopolistic control gained over a larger 

number of buyers makes the location a maximum profit one. In this case, any change in demand 

implies a change in sales (profits or losses) plus a change in the numbers and in sites. Demand 

thus becomes an active determinant of location. Variations in cost factors affect the spatial pattern 

not only from the Weberian point of cost determination, but also from interdependence of demand 

determinants. Purely personal considerations were also included as affecting variables.

arising due to circular market areas.

Lôsch maintains that this shape of the market area is ideal since it completely exhausts space and is the 
closest geometric approximation o f a circle.

since Losch never explicitly stated this.

Here neither outlay is lowest nor proceeds greatest, but the difference is maximized.
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It was not only Hicks (1959) who felt that trade and location theory could be merged, Ohlin 

(1967), too, stated that ‘trade theory verges on location theory. Instead of asking why certain 

countries exchange certain goods with one another, one can ask why production is divided between 

countries in a certain way’. We now undertake a brief review of the trade models and their more 

recent elaboration - the international movement of industry in response to environmental 

legislation.

2.3 Models from trade literature

Most of the trade models base themselves on the "classical paradigm". Within this, with regard 

to mobility, it is assumed that all final goods are tradeable between countries, whereas primary 

inputs/ factors of production are non-tradeable, though fully mobile between sectors of the 

domestic economy. It ignores the intermediate stages of production and assumes all agents are 

atomistic, operating in an undistorted and competitive environment in which technology exhibits 

constant returns to scale.

Although the theory of international trade covers aspects of demand behaviour with production 

structures, it is primarily the variations in the specification of the production side that distinguish 

the basic models of trade (Jones and Neary, 1984). In all the models, it is possible to relate the 

value of the national product to the vector of factor endowments and the vector of final 

commodity prices, under the assumption of competition. Further, the domestic demand for inputs 

to produce commodities cannot exceed the availability of factors in the given endowment base. 

Thus, there exists no possibility of trade in productive factors, or that local supply might respond 

to changes in factor rewards, or that current production affects future supplies. Most models, thus, 

differ from each other in the specification of the number of factors and commodities and the 

degree of intersectoral mobility of the factors.

Much of the trade literature is based on the theory of comparative advantage. This concept was 

first enunciated by Ricardo (1821) who mentioned that a country specialises in the production of 

goods (and services) which it can produce at a lower cost relative to other countries. This implies 

that the country uses a relatively lower proportion of the limited resources in the production of the
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good it specialises in*̂ . Even if a country has an absolute advantage in the production of both'® 

products, it is better off if it specialises in the production of those in which it possesses a 

comparative advantage. The analysis assumes that a country’s resources are entirely separate and 

unshared - the resources being immobile between countries but perfectly mobile within countries. 

The assumption, though restrictive, allows for the conceptualisation of regional production 

possibilities. The model can also be used to isolate intercountry differences in technology or in 

scale'^. It, however, aggregates costs to a degree that it abstracts from the geography of a specific 

region.

Rawston (1958) built upon this theory but included an additional constraint of geographical 

location. This implied that he considered the components of total cost.

However, a greater degree of completeness was provided by Heckscher (1949) and Ohlin (1967), 

who offer a general equilibrium explanation of trade. They state that the geographic pattern of 

comparative advantage derives from differences among regions in their proportional endowments 

of resources, the resources being finite and mobile within regions but not between regions, and 

the differences between commodities^® in terms of their intensity of factor use. In the long run, 

factor prices would tend towards an equalisation since the very fact that initially attracted industry, 

ie.low costs, would tend to rise as more plants bid for the same limited resources. Further, the 

region tends to import more of those goods that contain a higher proportion of the region’s 

relatively scarce resource.

Thus, the four "core propositions" of, what came to be viewed as, "the central body of 

international trade" (Jones and Neary, 1984) can briefly be stated as

a) Factor-price equalisation theorem: In its global form, the theorem states that, under certain 

conditions, free trade in final goods alone brings about complete international equalisation of factor 

prices.

b) Stopler-Samuelson theorem: An increase in the relative price of one commodity raises the real

Exchange flows need not only develop between regions with dissimilar exchange goods. Exchange o f similar 
goods between similarly specialized regions could arise from economies of scale at various locations; varying 
rates of technological advance, which could give rise to short term monopoly powers; mobility of capital; etc.

'* Ricardo considered a two country, two commodity model/ world.

This should not be confused with the effect of differences in scale.

Commodity trade is viewed as a ‘substitute’ for factor mobility.
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return of the factor used intensively in producing that commodity and lowers the real return of the 

other factor.

c) Rybczynski theorem: If commodity prices are held constant, an increase in the endowment of 

one factor causes a more than proportionate increase in the output of the commodity which uses 

that factor relatively intensively and an absolute decline in the output of the other commodity.

d) Heckscher-Ohlin theorem: A country has a production bias towards, and hence tends to export, 

the commodity which uses intensively the factor with which it is well endowed.

A major limitation of most of the early trade models was that they assumed constant returns to 

scale. This condition, however, is more an exception than the rule and much has been written on 

the necessity to incorporate increasing returns to scale (Young, 1928; Krugman, 1991a). 

Incorporation of scale economies (Gomory, 1992; Gomory and Baumol, 1992) results in the fact 

that equilibrium determination is no longer unique. The new equilibria, however, are neither Pareto 

optimal nor economically efficient (Gomory and Baumol, 1992).

The Ricardian model, which retains its influential position in trade theories, can be interpreted as 

a theory of location. The theory describes, in equilibrium, "the countries which industries would 

select as places to carry out activities and how it will mete out those activities amongst those 

locations" (Baumol, 1993). Though the analysis does not deal with incentives for proximity or 

distance in the geographic displacement of firms, it nevertheless remains a theory of location at 

the international level.

2.4 Limitations of the two approaches: exclusion of the environment

Traditional theory has tended to focus more on the short run problem of how production is 

spatially distributed within the existing capacity limits. For new capacity to be feasible total 

capacity should not be greater than total demand, since excess capacity is uneconomical. This 

condition yields a solution where transportation costs are minimised and efficiency market prices 

hold. The analysis, however, ignores the effect of prices on market demand (Beckmann, 1987). 

More recent analysis has been in terms of strategic location theory which assumes that friction of 

space confers a market power on producers, inducing strategic/ non-cooperative behaviour. The 

drawback of this approach is that equilibrium need not necessarily exist, and, if it does, it is 

sensitive to the assumptions made regarding the characteristics of the transport technology, demand
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functions and other perfect market assumptions. The non-existence of equilibrium could be due 

to discontinuities in a firm’s reaction functions, transaction or adjustment costs, imperfect 

information, risk, and incomplete markets (Ekhaus, 1987).

Thus, both the modelling approaches have tended to focus on perfect market conditions when 

attempting to derive the market clearing solution. The fact is that market imperfections exist, 

distorting the first best outcomes, and leading to the suboptimality of policies disseminated under 

these conditions. One of the reasons for market failure has been the persistent exclusion of the 

environment from the evaluation of the economic costs of location. A zero price on environmental 

services implies the good is free and there exist no limits on the extent to which it can be used. 

This combined with the public good characteristics of the environment^' leads to a divergence 

between private and social costs. The non/underpricing of environmental services is one of the 

factors that contributes to the degradation currently witnessed. The environment serves a number 

of alternative functions, several of the uses being in direct competition with the other. Hence, at 

the very minimum, a scarcity value/ opportunity cost must necessarily be attached to the use of 

environmental services.

In the trade models, attempts to introduce distortions have been made and are primarily 

modifications of the Dixit-Stiglitz (1977) model. Labour market distortions have been modelled, 

with results supporting the intuition that distortions would result in an incorrect comparative 

advantage, at market prices, and hence the country over/under specialises in the production and 

export of the good in which it is abundant. Trade based on distorted prices (eg. incorrectly 

estimated comparative advantage) is seldom efficient, and could result in distorted spatial 

allocations. With the adoption of an environmental policy, production conditions of the pollution

intensive sector would be adversely affected, unless supported by a radical change in technology. 

The policy, thus, causes production costs to rise and the relative locational advantage of the 

environmentally rich countryim proves. If capital is internationally mobile, it transfers from the 

environmentally poor to the environmentally rich country. Mobility of resources and commodities 

work towards the equalisation of prices for emissions. Equalisation of emission taxes can easily

A pure public good typically implies a) non-exclusion of individuals from its use/ access to good, and b) "non
rivalry" (Musgrave, 1959) in its consumption. While the former does hold for environmental services, ie. 
exclusion is virtually impossible or achievable at very high costs, the latter need not necessarily hold in all 
circumstances. This is especially true for local environmental goods and in regions where congestion problems 
are so severe that a qualitative scarcity restriction is imposed.

An environmentally rich country refers to one with a higher assimilative capacity and hence lower marginal 
environmental damage costs.
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be established along the lines of the factor price equalisation theorem (Samuelson, 1953) if, and 

only if, production, emission and abatement technologies for each sector can be compressed into 

Q = T(R, S), which is linear homogenous with each sector being characterised by identical 

production functions. Here Q refers to output; R to resources; and S to emissions. In this case, 

factor prices are equalised by trade irrespective of resource endowments, resource immobility and 

demand conditions.

Given that factor mobility works towards the equalisation of environmental shadow prices, and 

assuming commodities are perfectly immobile but the factors (capital and labour) are perfectly 

mobile and infinitely divisible, and the environment is considered to be an additional factor of 

production, then an optimally set emission tax would tend to adjust itself between the two sectors. 

Mobility of labour and capital are sufficient to ensure the equalisation of the price of the immobile 

factor, ie.environmental abundance, assuming identical and linear homogenous production 

functions for each sector in the regions. This would not be the result if labour mobility was a 

function of environmental quality^^. In this case, individuals would migrate to areas with better 

environmental quality, thereby increasing the demand for environmental services in the area and 

hence raising the emission tax. Consequently, in the vacated areas, the demand for environmental 

quality decreases, the emission tax decreases and the labour market gets segmented since it is now 

dependent on both the wage rate plus environmental quality. Labour in the polluted areas gets a 

higher wage coupled with lower emission tax rates. In the long run, this could lead to a spatial 

specialisation of environmental use and a polarisation of land use (Myrdal, 1957b). Thus, in the 

long run, it is expected that countries that fail to limit pollution become more specialised in the 

production of the pollution-intensive good than they would have otherwise.

2.5 Environmental standards and the movement of industry

Following on the above discussion, the impacts, in terms of both the size of the country and the 

process of generation of the externality, have been extensively analyzed and documented 

(Anderson and Blackhurst, 1992). This section focuses on the current debate over the relocation 

of industries in response to the imposition of stricter environmental standards.

If evaluated by individual preferences or majority voting, it could result in an over (under) estimation of actual 
benefits reaped.
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With the emergence of environmental considerations, it became necessary to determine the true 

social costs of production. Some trade literature deals with the environment as a third factor of 

production. Studies have been carried out to determine the theoretical impact of environmental 

policy on standard results in trade (Siebert, 1977; Pethig, 1976). In attempting to deal with the 

problem, regulations were passed to control pollution, increase workplace health and safety, and 

limit the overall negative impacts on the environment. However, not all the measures adopted have 

been granted adequate consideration nor have the nature of the options available been investigated. 

Bad policies carry their own costs in terms of inefficiency (Low, 1992) and could prove to be of 

limited effectiveness for actual environmental protection.

Whether an autarkic or a free trade policy is adopted, it is important that prices are set to reflect 

the social (including environmental) costs of production. This requires a measure of the 

assimilative capacity, which can be estimated from (a) the natural assimilative capacity, (b) the 

value placed on the environment by the government, (c) the demands made on the natural 

environment, and (d) the public and private investments undertaken to increase capacity and 

demand. Most often these measurements have been in terms of public and private investments 

made or their willingness-to-pay; this estimate being biased to the extent that the investments 

reflect existing income levels.

Most of the present debate centres on the implications of variable pollution standards across 

countries, especially in relation to the impact on future trade flows. Numerous studies have tried 

to estimate the impact of environmental control costs on industry price and output and on the trade 

balance (see Dean, 1992, for a survey of the same). Most work on assumptions of standard 

production technology and equal access to the best available technology, both of which abstract 

from the real world. Hence much of the impact determined by theory is limited in relevance. 

Differences in controls operating, the financing of these controls, macro policy and exchange rate 

flexibility are real and limiting factors in studies of the trade impact of environmental control 

costs.

Basically, two theories detail how and why environmental legislation could alter the prevailing 

allocation of comparative advantage in industrial location: the industrial flight hypothesis, ie.the 

pushing out of industries from industrialised nations due to the strict environmental standards, and 

the pollution haven hypothesis, ie.the use of lax environmental standards by developing countries 

to attract industries.
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2.5.1 The history of the debate

In today’s context, the industrial policy compulsions in industrialised and developing nations vary. 

The industrialised countries need to maintain the rate of technological innovation necessary to 

remain competitive in the high technology areas as well as to hold on to a certain critical mass 

of low technology industries required to maintain at least the current levels of employment. 

Developing nations, on the other hand, want to build up indigenous industrial capacity as fast as 

possible, even at the expense of enticing industries in industrialised countries to redeploy 

manufacturing operations in their areas. It is, therefore, industry in the industrialised countries that 

are more worried about the change in competitiveness due to uneven pollution control and view 

it as a serious threat (Buggie and Gurman, 1972). They fear that lower standards in developing 

countries confers on those countries a price advantage, which causes them to underbid the 

industrialised nations '̂*.

The developing nations see that if they want to avoid duplicating the efforts in the industrialised 

countries, rapid industrialisation would require a centralised political power to counteract the 

economic power of existing centres and the (prevailing) centralising tendencies of market forces. 

Decisions on trade will also influence how industrialisation is achieved, who pays for the process 

and the types of industries that comprise the leading sector. Broadly, trade regimes can be 

categorised in the following manner (i) autarky - such a strategy requires an immense and 

continuous commitment of domestic natural resources in order that rapid and sustained 

industrialisation may result; (ii) import substitution - this calls for self sufficiency through the 

building up of domestic capacity for all industries for which domestic demand exists, irrespective 

of the imported component of the goods and their costs; and (iii) export promotion - this requires 

the creation of a niche for the products of a newly developing country, so that comparative 

advantage is determined by a number of factors. The first two strategies call for an immense 

commitment of resources and finances for the development of indigenous capacity. The last policy, 

however, implicitly assumes the developing country has a niche or can easily create one for the 

products in which it possesses a comparative advantage. As is apparent all strategies have their 

drawbacks but the first two have generally failed due to lack of long term commitment of 

resources and finances. In the long run, import substitution fails as it often results in "looking

Such arguments hold within a country as well. Some firms may be subject to more stringent standards than 
others or to standards that are more rigorously enforced. This could be particularly so for companies 
established prior to the enforcement o f pollution standards. With the initial investment committed, it is seldom 
that the firm considers a totally new location as a viable solution and hence are forced to either continue 
operations in a region where it has ceased to be economic to do so, or to shut down.
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inward but paying outward" through higher import bills, thereby creating an illusion of 

comparative advantage in a particular sector. Further, given a limited demand base in developing 

countries, several industries could not achieve the expected economies of scale in production, 

leading to inefficiencies through increased rates of capital use and increased need for government 

support. The problem of enforcing environmental regulations in many developing countries is 

compounded by the problems of old industry, sunk capital and insufficient new capital to make 

the required upgradation or for new investments.

2.5.2 Theoretical framework

The theoretical underpinning of these hypotheses is the theory of comparative advantage and least- 

cost location of industries, which has traditionally been, and continues to be, analyzed within the 

Heckscher-Ohlin framework (see the earlier section for details). Important extensions to the model 

were provided by Meade (1955) and Mundell (1968). Meade stated that the factors of production 

would move to equalise costs, so long as the marginal product of the factor is greater than in the 

other country by at least the cost of relocation. Mundell postulated that the potential 

interchangeability between factors and trade can be affected by border restrictions, ie.an increase 

in trade impediments on final goods can stimulate a compensatory increase in factor movements 

and vice-versa. Analyzed within this framework, comparative advantage is a static phenomenon; 

if extended to the following divisions a certain dynamism is granted: a) the product life cycle; b) 

foreign direct investment; c) industrial location decisions by firms; d) industrial development 

strategies; and e) the bargaining process between the multinational corporation and the host 

country. Comparative advantage^^ now changes with the introduction, mastery and adaptation of 

new technologies.

2.5.2.1 Multinational investments and the translocation of industry

At a disaggregate level, the five domains of international comparative advantage are marked by 

distinct features. The product life cycle can be divided into phases of introduction, dispersion, 

maturation and standardisation. These phases could be distinct within a country but overlapping 

at an international level - the international aspect coming in at the dispersal phase. This global 

expansion could either be through direct investment, through the setting up of subsidiaries or 

through the outright sale of technology. While the company that introduces the product does wrest 

an initial absolute advantage, this can be countered by the imposition of restrictions and/or the

Currently, there is a certain diffusiveness surrounding the concept of comparative advantage which arises 
primarily due to the increased mobility of capital.

34



presence of high transportation costs or, at a later stage, through adaptation by a country better 

endowed to produce the good.

When companies invest abroad^^, it generally is a reaction against the high costs of transportation 

or in order to overcome the restrictions on access to markets in the host country. While in a 

perfectly competitive world there would be no need for direct foreign investment, the natural 

trickling down process ensuring the spread of technology, various market imperfections^^ ensure 

that most multinational corporation investment advantages are permanent features. Inter-corporate 

transfer of technology could also be a method to protect the technical advantage and proprietary 

expertise of a multinational corporation. This possibly explains why most multinational 

corporations invest in high technology areas (Leonard, 1988). In short, the extent to which the 

product can be imitated and internationalised determines the amount of domination the 

multinational corporation is capable of.

The initial theories on industrial location tended to focus solely on cost minimisation. In recent 

years this has been modified to cover, in addition to costs, a range of aspects such as access to 

raw materials, energy sources, markets, availability of labour, transportation and capital, potential 

economies of scale in production, services and infrastructure provision (electricity, water supply, 

sewage/ waste disposal), government interventions (taxes, subsidies, incentives, regulations), and 

site costs. However, the relative importance of each of the variables that determine industrial 

location depends on the nature of the industry, the degree of technical sophistication involved, the 

time period under consideration, and the socio-economic-political set-up. This implies that 

modelling the decision making process is an important aspect. The relative importance of these 

considerations make some industries relatively more footloose than others, ie.more prone to 

relocation than others. But it is important to remember is that investment is footloose only until 

it is invested; once made, capital is committed for a major part of the life of the equipment. 

Overall, three variables are significant in the international translocation of industry - (i) a decrease 

in the relative importance of transportation costs in total costs and the changing nature of industrial 

output, (ii) capital immobility once the investment is made, ie.the relative permanence of the 

advantages of relocation, and (iii) the increasing importance of governmental actions/ interventions

This could lead to the skipping of a stage in the product life cycle.

These imperfections could be greater access to capital; an apparent product differentiation; the organisational 
set-up; the access to information, ie. limiting access through patents is common; transnational economies of 
scale; and government interventions/ subsidies/ direct incentives to the multinational corporations.
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in influencing location decisions (Leonard, 1988).

Therefore, when a firm decides on the location of productive capacity, decisions in the following 

areas must necessarily be made

(a) the choice of industry, ie.it should be in a sector where demand is relatively long term, 

given the immobility of invested capital;

(b) the control of equity and technology, which basically translates into whether foreign 

investment is encouraged in an area or not, since this often determines the pay-offs to the 

investments. It is generally found that the technical component is determined by the 

complexity of the production process, ie.the greater the complexity, the more is the need 

for foreign participation in developing countries. The question of ownership is largely 

determined at the political level;

(c) the range of infrastructural support and subsidies provided/ promised by the 

government. The extent of fiscal policy incentives, support of public finance institutions 

and the institution of programmes indicates the governments’ commitment to the 

programme. This also reflects the development strategy opted for by the government;

(d) structural and locational considerations are most often determined by the extent of 

governmental support in terms of subsidies, incentives, and investment in social overhead 

capital. In the initial phases of development, the centralising forces of the market and 

politics tend to concentrate industry in urban centres. In most developing countries, 

governments have attempted to directly counteract this development through spatial 

distribution policies.

Overall, the relative bargaining strength of the multinational corporations and the governments 

depends on the areas in which investment is required, the financial credibility of the host country, 

the access to markets that the location can provide the multinational corporation, and the stage in 

the bargaining process, ie.prior to investment the multinational corporation has the upper hand but 

subsequently it is possible for the government to wrest advantage.

2.5.3 Two sides of the same coin; the push and pull factors

From the above discussion, it follows that the underlying assumption for the translocation of 

polluting industry in response to environmental legislation is that multinational corporations control 

a substantial percentage of the productive capacity in the high-technology, highly polluting 

industries, which are sensitive to environmental control costs. The industrial flight hypothesis
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specifically is based on the presumption that pollution regulations tend to increase capital and 

production costs in polluting industries, environmental regulations and public concern have led to 

a reduction in the availability of industrial (location) sites, and that regulations limit the range of 

end products and the inputs that can be used in the manufacturing process. Conversely, the 

pollution haven hypothesis assumes that developing countries have a lower willingness-to-pay for 

environmental pollution and see industrial development as an imperative to be attracted in to the 

country at any cost.

2.5.3.1 The capital flight hvpothesis 

Theoretical models

Several theoretical models have been developed, explaining and justifying how and why capital 

flight occurs in response to environmental considerations. A variety of assumptions regarding the 

institutional response to pollution underlie these models. Most of the current work has focused on 

production-generated pollution, the Copeland and Taylor (1995) article being one of the few to 

focus on pollution generated from consumption activities. The necessity to focus on both sides of 

pollution generation arises due to the fact that while pollution intensive production can migrate 

to countries with weaker standards, industrialised countries cannot escape the pollution potential 

of their own consumption. A brief survey of literature follows.

For most of the studies on production generated pollution, the assumptions are that pollution harms 

consumers but does not impinge on the production possibilities. Cases of both localised effects or 

transboundary pollution exist. Thus, the supply of pollution depends on the amount of pollution 

the authorities are willing to allow and this reflects individual preferences, the political process that 

transforms preferences into policies and the institutional framework that determines the type of 

policies adopted (Copeland and Taylor, 1995). The rigour of enforcement of these standards has 

been largely ignored by the models. Copeland and Taylor (1994) develop a simple model for 

production generated pollution and show that pollution levels are independent of scalar increases 

of human growth or factor endowments. These conclusions are derived for a two country scenario, 

where the countries differ in their human capital endowments, under autarky and assuming that 

the elasticity of substitution in both production and consumption equal unity. The country with the 

higher capital endowment will have a greater (derived) demand for pollution, due to a higher 

income. It will also have a lower willingness to supply pollution. The case is based on an upward 

sloping inverse supply for pollution and a demand for pollution based on producer behaviour. It 

is assumed that goods vary in pollution intensity and that firms have access to abatement
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technology such that pollution intensity of a good is variable. In such a situation, the imposition 

of a pollution tax reduces pollution demand by two ways: firms substitute towards cleaner 

techniques of production and consumers substitute away from pollution-intensive goods as their 

price rises relative to that of the cleaner good.

Cronshaw and Requate (1994) use a similar model and conclude that pollution may rise or fall 

with growth, the outcome depending on the structure of preferences and technology. Lopez (1994) 

shows that pollution rises with growth under assumptions of homothetic preferences over goods 

and environmental quality. When not homothetic and the elasticity of substitution between 

pollution and non-pollution inputs as well as the income elasticity of demand for environmental 

quality are large, then pollution may fall with growth. The studies (also Selden and Song, 1994^*) 

indicate that the Kuznet’s curve for pollution can be derived under specific assumption; ie.the 

studies provide no conclusive trends.

If the pollution tax is imposed in the relatively human capital rich country, then differences in the 

environmental regulation creates an incentive to trade. Categorising these nations as North (large 

human capital and higher pollution regulation) and South (lower level of human capital and 

regulation), then equilibrium is reached when the South exports the relatively dirty good and 

imports the clean good. This arises as, due to regulation, the South has a comparative advantage 

in the production of the dirty good and the North in the clean good. When the North starts to 

import the dirty good from the South, demand for pollution in the South increases. 

Correspondingly, as the South demands more of the clean good from the North, the demand for 

pollution in the North decreases. Rauscher (1991) adopts a similar model but assumes only one 

consumption good with capital mobile and responsive to international differences in environmental 

regulation. Cross country differences give rise to a flow of capital. The results correspond to those 

derived by Copeland and Taylor (1994).

Thus, the South’s institutional failure generates a pollution haven for dirty industry. Pethig (1976) 

shows that when both the North and South have perfectly elastic pollution supply curves and 

inflexible regulatory institutions, polluting industry is predicted to migrate to the South. Siebert 

(1977) concludes that the welfare effect of trade liberalisation hinges on whether pollution taxes 

were set too low or too high at the onset. If too low, trade benefits the North through the export

They find an inverted U shaped (Kuznet’s) curve between air pollution emissions and development, measured 
in terms of per capita GDP.
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of dirty firms. Copeland (1994) shows that with exogenous pollution regulation, the welfare effects 

of trade liberalisation are sensitive to the type of instrument used in pollution control.

Analyzing the effect of consumption generated pollution, Copeland and Taylor (1995) assume an 

efficient political mechanism that translates the demand for improved environmental quality into 

new regulations that reduce the supply of pollution. This implies that pollution supply reflects the 

preferences of the community. They assume a two country, two factor, two good scenario with 

no transboundary pollution. The endowment of the North is a factor of that of the South. Both 

goods are produced under constant returns to scale and with identical technologies in both 

countries. The GNP function is assumed to be homogenous of degree 1 in factor endowments. 

Preferences are represented by a Cobb-Douglas function. The negatively sloped demand curve is 

derived for cases where neither the quantity of pollution nor the constant are (very) large. Once 

the consumption externality is accounted for, preferences are non-homothetic and income 

differences are translated into differences in producer prices. With a tax on the consumption of the 

polluting good, and environmental quality being a normal good (its demand increases with 

income), the North has a higher pollution tax, giving it a stronger demand for the clean good. 

Hence, with trade, the North imports the relatively clean good while the South imports the dirty 

good. It could be that even in equilibrium, the North pollutes more than the South because of 

greater factor endowments.

Under a wide set of assumptions regarding the institutional response to pollution, the studies 

conclude that dirty industries do migrate to countries with weaker pollution standards. Weaker 

regulations could reflect differences in income or tastes on the demand side or differences in the 

institutions, their flexibility or the policy chosen in response to pollution control on the supply 

side. The welfare effects of these migrations are extremely sensitive to the institutional response, 

ie.if the regulations are rigid or do not constrain the aggregate level of pollution, then welfare falls 

with trade.

Empirical evidence

The empirical evidence on the migration of dirty industries does not support the case of capital 

flight. Lucas, Wheeler and Hettige (1992) examine the changes in the international distribution of 

pollution intensity arising from sectoral composition of industry relating US toxic emission data 

to cross-country manufacturing output. The analysis is thus based on sectoral change as reported 

by the UN, from where the authors impute the environmental consequences of sectoral pollution
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intensity estimates. They find that there is no transition to lower toxic intensity in manufacturing 

at high incomes. The toxic intensity of GDP declines only because the manufacturing share 

declines beyond a certain level of income. Developing countries are marked by a far faster growth 

in toxic intensity. Whether this is a sign of export of polluting industry or one associated with the 

development process is not clear.

Using a price level distortion index developed by David Dollar, the authors compute a general 

openness measure and use a time trend to determine the impact of stricter OECD regulations. They 

conclude that while developing countries as a whole had a higher toxic intensity growth in the 

1970’s and 1980’s, trends for individual countries depended heavily on the growth rate of income 

and the policy regime. Toxic displacement appears to hold for relatively closed, fast growing 

economies. Broadly, the study rejects the assumption that stricter environmental legislation has led 

to a migration of productive capacity. Although many high-income countries experienced a 

decrease in the pollution intensity of national product this could have arisen due to a change in 

the composition of output rather than a trend towards cleaner production techniques. No growth 

in pollution intensity does not necessarily imply industrial migration. It could also reflect a 

completely satisfied domestic demand and/or a shift in the economic centre of production of 

pollution intensive products. The authors conclude that policy problems rather than regulatory costs 

differentials have stimulated toxic migration.

Low and Yeats (1992) use trade flow data as a proxy for shifts in the pattern of international 

industrial location in order to determine the extent to which dirty industries have moved to 

developing countries. The trade share analysis was supplemented by an examination of revealed 

comparative advantage (RCA)^’. They found the export share of pollution-intensive goods from 

developing countries to be increasing and that these countries acquired RCAs in polluting 

industries at a very high rate. The paper remains inconclusive as to the reasons for this occurrence 

and does not indicate the extent to which location decisions depend on environmental 

considerations. Reasons for the increase in the share of polluting industries in developing countries 

could be a natural consequence of the development process or could be in response to relative 

labour costs or natural resource endowments.

Leonard (1988) proved that the cost of complying with environmental standards contributes

The revealed comparative advantage index measures whether the share o f a particular product in a country’s 
manufactured exports is proportionately larger than that share of that product in world trade in manufactures.
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incrementally, not fundamentally, to increased unemployment, general inflation rates and an overall 

slowdown in the productivity growth of certain industries. These negative effects have to weighed 

against the costs of locating productive capacity abroad. The reasons for relocation cannot simply 

be explained on the grounds of increased regulation; often the proportion of control costs to total 

costs is but a small fraction. Factors such as a greater access to markets, availability of skilled 

labour, raw materials and energy, and political stability in the host economies have a greater "pull" 

on investment. Tobey (1990) found that the stringency in enforcement of environmental standards 

was not significant in explaining trade patterns. Pollution intensive industries were classified as 

those with a ratio of environmental control costs to total costs greater than 1.85%. For these 

industries (aggregated into mining, primary non-ferrous metals, paper and pulp, primary iron and 

steel and chemicals), the range lay between 1.92 and 2.89%.

Certain industries that are highly polluting, relatively footloose and incapable of meeting 

workplace standards in the home country, eg.minerals processing, paper, chemicals and petroleum, 

have displayed a propensity to relocate (Leonard, 1988). This implies that manufacturers of highly 

toxic, dangerous or carcinogenic products with no safer substitutes or techniques to meet higher 

environmental standards (abatement measures, workplace health), aided by a changed availability 

pattern of raw materials, prices and rates of interest in other regions have tended to disperse their 

productive capacities abroad. Industries that face an increasing domestic demand and a 

demonstrable technological superiority have little incentive to change their manufacturing base. 

These industries have preferred to remain in home country adapting to higher environmental 

standards, with direct foreign investments continuing at the usual pacê ®. Thus, it is the ‘worst’ 

industries that tend to relocate in response to differences in environmental legislation.

2.5.3.2 Pollution haven hvpothesis

Despite the lack of evidence to support the industrial flight hypothesis, the pollution haven 

hypothesis might still hold. The hypothesis is built on the premise that there exists a high social 

tolerance for pollution in developing countries or a deliberate undervaluing of the environment in 

order to attract new investment. This view is contested on the basis that it is not the low 

preference for pollution, but rather the higher preference for rapid industrialisation that makes 

countries maintain lower pollution standards, ie.a higher relative preference for industrialisation. 

Further, the nature of the pollution problem changes in industrialising countries - pollution being

It must be recalled that Leonards’ (1988) study pertains to capital flight from the US only. The conclusions 
arrived at need not hold true for other industrialised countries. Much of the outcome depends on the marginal 
cost o f compliance weighted against the risks o f relocation.
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more concentrated by location and type (Dean, 1992).

Another feature is that not all the relocation is non-optimal. Different countries have different 

assimilative capacities to absorb pollutants; therefore the trend to locate in industrialising countries 

may be a more efficient (international) location of industries. Pearson (1987) felt that there was 

no a priori reason for this increased output in environmentally abundant countries to be captured 

by multinational corporations and not domestic firms; just as there was no a priori reason for 

developing countries to be environmentally abundant (as compared to industrialised nations).

Legitimate differences between countries with respect to environmental standards could lead 

"dirty" industries to seek pollution havens. However, evidence (Lucas, et al, 1992; Leonard, 1988) 

suggests that this is unlikely to be a major cause for concern. Most importantly, environmental 

costs do not form a sufficiently high proportion of total cost as to warrant their inclusion as a 

crucial factor determining location. Further, there is little evidence to suggest the existence of 

footloose polluting industries. And lastly, security, stability and economic policies of the home 

country count more in the decision to relocate than any other factor.

Pearson (1976) studied the increase in exports of 18 manufacturing sectors in developing countries 

as a result of maintaining lower environmental standards. He found that the expected increase in 

export revenues lay in the range 2.1 to 4.6%, for the period 1973-77 and 1978-82. He considered 

this small relative to the overall growth rate of 8% which occurred in the corresponding period. 

Duerksen and Leonard (1980) use trade and investment data to see the impact of environmental 

control costs on industrial flight. They found that host countries that received the maximum 

overseas investment in pollution intensive industries (chemicals, paper, metals, refining) were other 

industrialised countries; the percent of US foreign direct investment in pollution intensive 

industries in developing countries as compared to industrialised nations had not changed 

significantly over time. They concluded that there was no widespread relocation of US industries 

to pollution havens.

Arguing as to whether the imposition of environmental regulation has affected the 

"competitiveness" of US firms, Jaffe et al (1995) survey the literature on the international 

movement of industry as well. Focusing solely on manufacturing firms, they initially cite the 

limitations of the existing database to measure the chosen index. Proxy measures are therefore 

adopted. Providing a taxonomy of the costs of environmental regulation, they detail the problems
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of comparing across both industries as well as countries. First considering the effect on net 

exports, they survey three studies and conclude that there has been no major impact on US exports 

due to environmental regulations^*. In terms of international trade in pollution intensive goods, 

industrialised nations had the lion share in pollution intensive goods even after the regulations had 

been enforced^^. To the extent that there has been an export of industry thereafter, this trend 

could be attributed to a natural increase in demand with development. If considered in terms of 

the pollution abatement content of exports, this was small. Overall, it is not clear whether changes 

in trade patterns were due to environmental regulation.

Turning to the effect on investment, in terms of direct foreign investment, Jaffe et al (1995) 

derived from the studies that this was dominated by labour costs, access to markets and presence 

of industrial base in the country. While some multinational companies did increase investments 

in their subsidiaries, the support of capital flight is weak. In terms of domestic plant location, the 

severity of environmental regulation did not count as an important factor; however, they did have 

a small impact on the start-up of small businesses. The overall impact was not statistically 

significant. Turning lastly to the productivity^^ and growth effects, the authors, based on a survey 

of articles, conclude there is a marginal adverse impact of regulation. However the studies are 

extremely sensitive to the underlying econometric specification of the function. Looking at the 

overall social costs of regulation, which can exceed direct compliance costs, the authors feel that 

there are significant dynamic impacts of environmental regulation. Turning to the Porter (1991) 

hypothesis^\ they feel it can apply at two levels (i) when customers benefit from firms having 

to meet stricter standards, and (ii) some firms gain at the expense of others because of lower 

associated costs of environmental compliance. The main impact could be the spurring of 

development of new production technology which is even more efficient or forcing inefficient 

firms to close or increased R&D expenditures. However, the entire debate is one surrounded by 

speculation and confirmed by anecdotal evidence (Jaffe et al, 1995). The authors conclude that 

there is little evidence to support that environmental regulations have had an adverse impact on 

competitiveness. While the long mn social effects could be high, the studies on the effect on net 

exports, overall trade flows and plant location decisions provide indications of it being small and

This analysis masks the fact that countries with strict regulations might not enforce them strictly. 

Thereafter, ie.after 1988, there has been a decrease in the share of developed countries.

Pollution control investments could crowd out other investments; decrease efficiency, etc.

The hypothesis states that investments in pollution control can actually stimulate growth and competitiveness.
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statistically insignificant.

Leonard (1988) argues that industrial flight and pollution haven hypotheses are developed within 

the static framework of comparative advantage. He determines comparative advantage and 

therefore industrial relocation within the framework of the product life cycle; the existence of 

foreign direct investment; industrial location decisions by firms; the bargaining process between 

multinationals and host countries; and development strategies. Analyzing aggregate trade and 

investment statistics for the US, Leonard found no large scale industrial flight.

Pearson (1987) was of the opinion that empirical studies on the pollution haven hypothesis would 

have to contend with issues such as the absence of an unambiguous definition of environmental 

control costs; any change in foreign direct investment is influenced by a variety of other economic 

variables and not solely environmental control costs; no good/ reliable data on foreign 

environmental control costs exists, rendering the estimation of environmental control cost 

differentials futile. A study by Walter (1982) analyses the trends in foreign direct investment, in 

terms of both industry mix as well as direction, from Western Europe, USA and Japan over the 

period 1970 to 1978. He concluded that while there had been substantial overseas production in 

pollution intensive industries, there was little evidence to show that this trend was fired by 

environmental control costs differentials. These conclusions were valid for intra-US investment 

trends as well.

While substantial empirical work needs to be carried out on the relationship between trade and the 

environment, indications/ findings on the basis of published empirical studies^^ (Low, 1992) can 

be summarised as follows:

- Dirty industries have expanded at a faster rate than the average of all industries in 

developing countries and at a much faster rate than in industrialised nations. It is uncertain 

whether this indicates industrial migration, growth, an opening up of formerly closed 

economies, decreases in transportation costs, etc.

- Pollution abatement and control expenditures do not appear to have a significant effect 

on the competitiveness of most industries as they comprise a small proportion of total 

costs. National differences in environmental legislation are not a major explanatory

35 These studies deal primarily with pollution intensity in production generated pollution. Absolute levels of 
pollution are not considered.
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variable in the changing international location of industry.

- Pollution intensity per capita tends to fall with increases in income. Since this is based 

on toxic emissions data it reflects more changes in economic structure rather than toxic 

intensity of manufacturing output. Absolute toxic emission levels continue to rise 

worldwide.

- The effects of growth and trade liberalisation on environmental quality are ambiguous. 

It is expected that the effects of increased growth on the environment are positive and that 

more open trade policies help in the introduction or more environmentally friendly 

techniques of production.

- Fast growing economies with relatively liberal trade policies have experienced less 

pollution intensive growth as compared to closed economies. This is a composition effect. 

Care should be taken in interpreting this trend as it is expected that a more closed 

economy would emphasise core-industry development; this sector being the main culprit 

for higher toxic emissions.

- Some studies indicate that firms actually do not prefer to transfer dirty technology to 

developing countries. This could arise from fears of liability in case of an environmental 

accident, risk to the firms reputation from an environmental scandal, costs of unbundling 

technology, the advent of green consumerism in developing countries, anticipation of more 

stringent standards in the near future and the costs of retrofitting old technology.

Thus the theory that differences in pollution standards have granted unfair advantage to some 

countries through either capital flight or pollution haven, does not quite hold in the real world (it 

would hold true within a Heckscher-Ohlin framework, with all other factors being held constant), 

where economic and political factors play a far greater role than the mere difference in compliance 

costs and levels of environmental awareness.

In conclusion, to quote Ohlin (1979), the use of "highly simplified models, which may be useful 

as pedagogical aids, can seldom reflect reality unless, as a second stage, modifications are made 

in the unrealistic assumptions". The multitude of factors that affect international factor movement 

"may not lend themselves to simple, rigid and precise models" (Ohlin, 1979), Hence areas on 

which further work is imperative are the effects of (a) internal, national policies, (b) location 

theory, (c) influence of non-factor payments (internal tax subsidies, internal protection, etc), (d) 

the role of risk in international production and location decisions, (e) other factors of relatively 

greater importance to the multinational corporations.
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An issue of current interest is the international harmonisation of standards. While some countries 

mooted a global harmonisation of standards^^ environmentally well endowed countries opposed 

this on the basis that equalisation of factor payments had never been an issue in international trade. 

Summers (1992) believes that universal adoption is unlikely due to three arguments: (a) the 

amount of damage similar levels of pollution can cause varies greatly over regions/ locations. 

Local atmospheric, topographic and climatic conditions as well as the assimilative capacities of 

the regions vary and determine the costs of pollution control; (b) the vast differences in the 

amount of resources each nation can devote to pollution abatement, in spite of sharing similar 

environmental objectives; and (c) the difficulty in securing agreement by all the players. There also 

lies the potential danger of free riding, ie.a member signs the convention but does not adhere to 

the regulations, thereby conferring on its industry a price advantage. Details of the same are not 

tackled here.

2.6 A comparison of some location models

As the above survey shows, there exist a number of models dealing with location. The focus here 

is more on the trade models, or modifications of the same, and hence they suffer from several of 

the shortcomings mentioned in the above sections. The models compared are not exhaustive of all 

current literature nor fully representative of all kinds but serve merely as an indication of what is 

available in the literature.

Table 2.6.1: Comparison of models

Siebert, 1992 Markusen,1975 Krutilla,1991 Henderson,
1994

Markusen et 
al, 1993

Ulph, 1994

Aim of 
model

Government 
allocation of 
single
resource over 
two activities

Optimal (first 
and second 
best) tax 
structures of 
government

Regulation in 
an open 
economy: the 
case o f a 
large country

Econometric 
model of 
industrial 
location

Effect of  
government 
environment 
al legislation 
on industrial 
location

Effect of 
government 
environ
mental 
legislation 
on
industrial
location

Type & 
Analysis

Optimising/
Marginal

Optimising/
Marginal

Optimising/
Marginal

Econometric
(staged)

Game
theoretic/
Conjectural
variation

Game
theoretic/
Conjectural
variation

For a survey o f the same see Dean (1992) and Robertson (1992).
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Objective
function

Social
Welfare
Function

Social Welfare 
Function

Gains from 
Trade

Profit, using
Cobb-
Douglas
(exact)
production
function

Social
Welfare
Function

Profit
Function

Inclusion of  
environmen 
tal
consideratio
ns

Through
utility
function

Through
pollution

Production
and
consumption
externalities

Not
considered

Through
utility
function

By energy 
tax

No. of
countries/
regions

1 region 2 country trade - Within a 
country

2 region 2 countries 
+ pollution 
havens

No. of 
products

2 2 1 - 3 2

No. of 
producers

not specified - - - 2, with at 
most 1 in 
each region

at most 1 
in each 
region

units physical monetary monetary monetary monetary monetary

Transformat 
ion function

sector
specific,
convex

fixed/ static, 
convex

not
considered

city specific 
prices

profit
function

profit
function

Market
structure

not considered not considered not
considered

not
considered

endogenous endogenous

Abatement pollution 
additive; 
technology 
sector specific

pollution 
additive, no 
abatement

not
considered

not
considered

achieved 
through tax

achieved
through
tax;
technology 
does not 
exist

Constraints -only 1 
resource 
considered 
-an allocation 
problem, the 
actual choice 
of location 
not explicitly 
detailed

-balance of  
payments ie. 
sum of 
domestic 
excess supply 
at world price 
equals zero 
-no distortions 
-general 
equilibrium 
analysis

-economy 
large enough 
to affect 
world prices 
-costs relate 
to output 
only, ignore 
role of inputs

-full
information
assumed
-finely
defined
industries
-limitations
of the Cobb-
Douglas
function
-restricted
functional
forms

-location 
restricted to 
countries 
imposing tax 
-general 
equilibrium 
analysis 
-profits and 
tax revenues 
redistributed

-restricted
functional
forms
-constant
returns to
scale
-partial
equilibrium
analysis

The table summarizes some of the characteristics of six models surveyed.

It is apparent that most of the models face certain limitations and since the attempt was to develop 

a model for interactions between the government and the industry in India, existing conditions
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needed to be considered. India has been^^ an economy where the government occupied the 

"commanding heights" in the economy, directing and controlling most economic activity, specially 

the industrial sector. Further, most of the models reviewed above describe first best/ optimal 

situations, things that are generally absent in real life situations. Hence the need for a new 

approach - one which allows for second best situations to be incorporated into the models, 

including a possibility of cormption, while modelling the interactions between the government and 

the industry.

2.7 Reasons for a new approach

The models of locational choice described above cannot be unambiguously extended to the Indian 

case. For one, most location theory models do not allow for government interventions in a 

substantial manner. In cases where this has been allowed, ie.a certain degree of government 

allocation, perfect market conditions are assumed to exist. Hence maximisation is always in terms 

of Pareto optimality. This does not hold in the real world where enforcement is imperative if firms 

are to comply with environmental regulation. The intemational trade models are limited by the fact 

they are based on assumptions of the absence of or limited factor mobility, though goods are freely 

mobile; perfect markets; an absence of increasing returns and perfect foresight on part of the 

economic agents (Moore and Rhodes, 1987). These are some of the reasons why a new approach 

to the issue was considered.

2.8 The cost'benefît framework

There are two ways in which the problem of an optimal location might be approached. The first 

and more basic approach is to treat the problem within a cost-benefit (partial equilibrium) 

framework; the second is to extend it to a general equilibrium framework. The first approach 

assumes (a) firms to be net private benefit maximisers (profit maximisers), and (b) the government

37 The use o f the past tense refers to the fact that recently (in the 1990’s) there have been efforts to decentralize 
the powers of the state and accord industry with greater liberties to enter new areas, concentrate or 
decentralize their production activities.
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to be net social benefit maximisers^*.

Looking first at the firms, they are assumed to maximise their net sales revenue from all markets. 

Simultaneously, they are assumed to minimise the costs of the inputs used (raw materials, labour, 

etc.) and their associated costs of transportation to the site, as well as the costs of complying with 

environmental regulation (standards). On the other hand, the firms might also be eligible for 

subsidies, which add to their net earnings. Hence firms

M ax  71̂  = b /  + Bs  -  Ci -  Cg . . .  [ 2 . 1 ]

where refers to the benefit to the firm in terms of the sales revenue when located in region t ,  

refers to income from subsidies; C, refers to the cost of the inputs; and Q  to the cost of 

complying with environmental regulation. On the basis of a comparison of expected profits from 

all possible locations, the firms decide where to locate. Profits vary across regions depending on 

the access firms have to markets to sell output; the input sources; the availability of subsidies, 

which differs across regions; and the environmental control costs, which again we assume vary 

across regions depending on the assimilative capacities.

The planning authorities attempt to maximise the net social benefits/ minimise social costs. The 

net costs incurred in any region are assumed to be a function of the amount of subsidies granted 

to firms in the region (CJ; the cost of regulation (Q); the external costs of environmental 

degradation (Q J; and less the benefits to the region from the location of firms (B^J. Hence, the 

minimising function of the planner could be indicated by

M in  C* = c /  + c /  + -  Bex - [ 2 . 2 ]

One point is that the social planner is concerned with the total amount of employment generated 

in the region and not the number of firms. Hence, if the above equations are viewed in per capita 

terms per unit output produced, then the equilibrium is found in terms of output.

However, as mentioned earlier this is a simplistic approach to the problem. Nevertheless, it helps 

clarify the situation we are considering: simply stated, this is how firms and governments interact

This is a simplistic assumption as, detailed in chapter 3, governments often maximise their chances of re- 
election or private benefit rather than social benefit. However, we keep this naive approach to government 
behaviour.
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to produce an equilibrium situation. This equilibrium is affected by corruption, the extent and 

manner is unclear - depending on the type of transaction conducted/ bribe demanded (details in 

chapter 3). This, however, is discussed in the later sections.

The second method was the construction of a general equilibrium model, one where the firms and 

the consumers maximise profits or utility in their respective markets. These activities are 

undertaken in light of certain public policy instruments being adopted by the government. In this 

framework, the social planner is assumed to maximise social welfare. In the subsequent section, 

we develop the firm’s location decision and see how this is affected by the policy instruments used 

by the government in achieving its social objectives. We briefly touch on the consumer market 

and the social planner’s actions, as our main aim is to model the firms decision making process 

in light of the governments policies, and to see what the effect of corruption is on this decision.

2.9 Introduction to the model

As has been mentioned in the preceding sections, both trade as well as location theory models 

have tended to ignore the environment in their specification of the problem. In cases where the 

environment has been considered, this is generally by way of the first best solution - a tax. 

However, the model we attempt to develop in this section seeks to incorporate real situations 

prevailing in India. Here we consider the case where firms make private maximising decisions in 

light of the government having used some instrument of public policy. To that extent, the 

government is the first mover in the interaction; using various levers at its disposal to influence 

the firms’ location decision. We assume that the government wishes to develop regions in order 

to maximise the benefit to labour. This development is assumed to occur by the dispersal of 

industries. In order to achieve this the government may offer subsidies to industries to locate in 

backward regions. Simultaneously, the government wishes to minimise the impact on the 

environment. To this extent, enforcement activities are undertaken to ensure environmental 

regulations are complied with. While the prime objective is to maximise this social welfare 

function, the government also attempts to induce changes in the firms profit functions by changing 

the costs and benefits associated with different regions. The model, thus, looks at the long run 

equilibrium; the case of sunk costs is not considered. This specifies the case for the optimal 

allocation of industry. If the markets are affected by corruption, as we assume is the case, then 

the entire planning process is subverted.
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2.10 Formulating the problem

The model elaborates on the decision making process of industrial location. It, therefore, gives 

weight to the factors that determine the firms decision to locate at a particular region and the 

influences on the government to induce location in a region. The firms are assumed to operate to 

maximise private benefit while the government attempts to induce a social maximisation through 

subsidies and environmental legislation. Consumers maximise their utility subject to their budget 

constraint, with utility levels also being affected by environmental quality. When we allow for 

corruption, the decision making process is undermined and the optimal situation is not reached.

2.11 Modelling the problem

We are modelling the problem as the government being the first mover using public policy 

instruments to alter the costs and benefits associated with the variables that affect a firms’ location 

decision in order to maximise utility. The eventual impact of the instmment depends on its relative 

influence (in the multitude of variables that affect firms’ location decisions). For our analysis, we 

assume the following instruments are used: a lump sum or investment subsidy; an output subsidy; 

and differentiated standards. The government also needs to carry out enforcement activities to 

ensure that the standards set are met. The introduction of subsidies and enforcement activities 

make it a second best situation.

2.11.1 Maximisation of private benefit; producers

Given an array of N  possible locations, firms would choose to locate at k (k=l,...,N) over any 

other locations n (n=l,...N), on the basis of a comparison of profit alternatives at the locations,

• • • [ 2 . 3 ]

Thus, T& is the maximum profit which the firm earns when located at k.

In the estimation of profits the price of both inputs and outputs as well as the availability of 

inputs, to the extent that it translates into a price effect, are important as they affect the profit 

levels and hence the location decision of the firm. If we assume there are markets to which 

the firm can supply its output, the net sales revenue from any market i is given by the price 

charged by the firm in the market (p) less the costs associated with the transport of the output
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from the location at k to the market at i. This we assume is a function of the unit rate of 

transportation (t) and the distance from location k to market /, ie.d,ĵ . Thus the maximum net 

revenue from sales in market i by a firm located at k is

iP i ~ t  c f • • • [ 2 . 4 ]

Firms can be expected to choose their vector of markets to supply to such that their total net sales 

revenue is maximised or

P *  = maXj (P j -  t  . . .  [ 2 . 5 ]

On the other hand, if we consider there are j= l,..J  input sources, the firms locating at k would 

choose their supply locations such that the total cost of purchase and transportation to the site is 

minimised. If the cost of input I at the supply point j  is q,ĵ  ̂ and the transport costs a function 

of the unit price of transportation (/,) and the distance (dj,), then we have the cost of factor / at j  

to a firm located at k as

{Qij + djjç) . . .  [ 2 . 6 ]

This is the net cost that firms attempt to minimise over all their supply points, ie.

Qj = m in^ d^j,) • • • [ 2 . 7 ]

Thus we arrive at the two main factors in the firms’ profit equation, ie.the net sales revenue, which 

it attempts to maximise and the net input costs, which it attempts to minimise.

We can assume the production function of the firm is characterised by the vector of inputs (x) used 

in the production process, ie.

\) — f t .  {x)  . . . [ 2 . 8 ]

Thus the profit function of the firm locating at k is influenced by the net sales they wish to 

maximise and the net costs they attempt to minimise, ie.

If the resource is available at the k then it has a positive price; if  not available the price is infinite.
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{ p ^ ,  Q^)  = max_̂  [ P^  f ^^ i x)  -  - . - [ 2 . 9 ]

where %, is total quantity of factor I used.

Now we turn to examine how this is affected by government interventions.

Case 1

If we assume that the government grants an investment subsidy or an output subsidy to any firm 

that locates in a particular region, say a backward region, we can expand the production function 

to incorporate this. This is a targeted form of subsidising firms in order to attract them to a 

particular location. The most typical form adopted is of a tax holiday/ sales tax exemption and is 

preferred when the government is short of funds. The function would then be modified to

u  = f  (Xj^ + . . .  [ 2 . 1 0 ]

where denotes those inputs which the firm gets free of charge. These goods are assumed not 

to be available at zero cost all over but only at particular locations, which is the subsidy from the 

government to particular firms. This could be done in order to compensate for firms’ having to 

invest an extra amount when locating in a backward region'*®. The profit equation is then

or more simply

71̂  = max_^ [P ^  ] • • •  [ 2 .1 1 ]

+ P ^  • • • [ 2 . 12 ]

It is obvious firms would try to maximise the net returns, including the subsidy, while minimising 

associated costs.

Case 2

On the other hand, when the government wants to attract firms to a backward area, hoping to 

develop the region, it might think of providing a more general subsidy to any firm willing to 

locate in the region. This would take the form of an investment subsidy, and involves a greater 

commitment of funds by the government. It is assumed that the government hopes for the

This assumes that these regions are not as attractive as the others and would not be automatically chosen by 
the firms.
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multiplier effects to take force when granting such a subsidy. If we consider a lump sum subsidy, 

this can be added to the profit function of the firm

7T̂  = m ax^ [P ^  . . . [ 2 . 1 3 ]

where h!" is the annualized subsidy. In terms of the initial equation, this can be written as

+ j j k  . . . [ 2 .  1 4 ]

In this case firms would try to maximise net returns, including lump sum subsidies, while 

minimising associated costs.

Case 3

The equation derived so far does not incorporate the cost of compliance with the environmental 

regulations of the region. Typically, the government sets standards for the emissions from a plant. 

These standards vary over different zones in the country, as defined by the pollution control 

Board. The costs associated with abatement are a function of the amount of excess'” emissions 

(this determines the amount of resources required to be devoted to abatement), and their unit 

abatement costs. The relationship between firms emissions (S^  and standards (5*) for the case of 

no abatement activity to be undertaken should be

S  ^ S  ̂  . . . [ 2 . 1 5 ]

where

S  ^ — X  ̂  ^ O . . . [ 2 . 1 6 ]

ie.the total emissions from the plant (given as the product of the emissions per unit output, e, and 

the total output, should be less than the standard for the firm in the particular region k. If total 

emissions are greater than the standard (5  ̂> 5*), abatement activities would have to be undertaken 

to the extent of the excess emissions, ie.(^.^ - 5*) would be abated. We assume each unit abated 

is achieved at a cost of per unit. Hence, the total expense to be borne by the firm for abatement 

activities can be given by

actual over the permitted emissions.
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( X ^  * G ~ S ^ )  • • •  [ 2 «17]

Looking at the past behaviour of firms, abatement activities would not be independently 

undertaken. Legislation is the first move to correct for the exclusion of environmental 

considerations - this has typically taken the form of standards set by the pollution control Board. 

However, only if firms are sure that these standards will be enforced, there being an associated 

penalty'*  ̂ with non-compliance, that abatement activities will be seriously undertaken. This 

implies that firms could trade off between locations with high standards but low levels of 

enforcement and those with low standards but high levels of enforcement. If we assume that the 

levels of enforcement are directly related to the probability of being audited (p"*), then the lower 

the probability of audit and being fined, the lesser is the incentive to invest in pollution control. 

Thus the total investment in pollution control by a firm located at k can be given by

[ . e  -  S ^ )  c • • • [ 2 . 1 8 ]

For the case of pollution control, the profit function gets modified to

= m ax^ [P^ {Qj X^)] -  m i n ^ [ ( X ^  * e  -  S^)

...[2.19]

or firms would attempt to maximise profits subject to their environmental damage costs. In terms 

of the initial, unconstrained profit equation, this can be written as

^k'^' = [ { X^  e  -  S ^ ) p ^ ^  . . .  [ 2 . 2 0 ]

There is a case where, if firms view the probability of audit as low, they would not invest in 

pollution control. In this case the profit function'*  ̂would reduce to

7c* = m ax^ [P ^  {Qj X j ) ]  -  ( p ^  * p " ^  * F^ )

...[2.21]

ie.expected profits are reduced by the expected penalty which is determined by the penalty

The penalty could be in terms of a fine or a loss of prestige/ adverse publicity. 

This is similar to Becker’s formulation for the crime equation (see chapter 3).
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function or the probability of being audited; being fined for non-compliance and the level of the 

fine.

If we assume that all the cases occur simultaneously and assuming investments in pollution 

control, we arrive at the equation

71̂  = m ax^ [P *  f(X j, + Xoj,) -  {Qj Xj ) ]  +

-  min^L {X^ * e - S^) . . .  [ 2 . 22]

where the producers choose locations on the basis of their (i) proximity to major demand centres; 

(ii) their proximity to major input sources; (iii) minimisation of total transportation costs; and (iv) 

minimising environmental impacts, given that the probability of audit is above the threshold so 

that firms do invest in pollution control.

This briefly summarises the activities in the producers markets, when location decisions are being 

made in light of government interventions.

2.11.2 Transactions in the labour market

The activities undertaken by the producers would have an impact on the labour market. The first 

and most direct impact is through the creation of employment opportunities - the actual level being 

determined by the labour intensity of the production process. Traditionally, firms would choose 

a location on the basis of the availability of labour as a determinant. However, for India, we can 

reasonably assume that availability of labour is not a constraint"^. Since labour is freely available, 

the part to model is the impact the increased income has on consumption and the demand for 

environmental quality.

Typically it would be important to determine the distribution of wages received by the people in 

the region and then determine its impact on the consumption levels. We assume that T is a vector 

of wages received by individuals (m; m -l,..M ) in region k. Hence individual m would maximise 

welfare given his/her budget constraint or purchasing power in each of the markets /, ie.

The availability of skilled labour can be a constraint, but we do not consider the case at the moment.
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(Pj X )̂ = C” S r ” . . . [ 2 . 2 3 ]

Depending on the assumptions we make on how the government raises its’ revenue, it could have 

an impact on the spending patterns of the consumers. If considering a tax, this could take the form 

of either an income tax on incomes greater than a basic minimum, or a sales tax which adds on 

to the price of the goods. The income tax problem could be formulated as

5^^ (Pi  X )̂ 2 y  - Z "  . . . [ 2 . 2 4 ]

where Z" refers to the tax imposed on the income of the individual. Such a tax reduces the income 

available for consumption. Alternatively, the sales tax case can be described as

[ (Pi  +z)  x^]  ̂ . . . [ 2 . 2 5 ]

where z refers to the tax per unit output sold. Scenarios for various types and levels of taxation 

can be generated depending on the assumptions made in the next section, ie.govemment behaviour. 

The important thing to note is that if the government resorts to taxation as a method to finance 

its expenditure, this would have an impact on the labour market.

This describes the spending of each consumer. However, in addition to goods demanded, the 

consumers are assumed to demand environmental quality as well. We can assume that this demand 

is a function of the levels of pollution in the region as well the ‘excess’ disposable income left 

with the consumers after their demands are met.

= y { X^  e  -  S ^ )  p®* {¥"' -  C^) • • • [ 2 . 2 6 ]

where IT  is the utility level of the individual; F"’ is the disposable income the individual has after 

expenses on goods are met; and y is a function dependent on the amount of excess income. Thus, 

utility is directly related to the levels of disposable income and inversely related to levels of 

pollution. This equation is a measure of the willingness-to-pay of the individual for improvements 

in environmental quality.

2.11,3 Maximisation of social benefit; government

If we assume that the social planner maximises welfare defined in terms of the consumption levels 

of goods and environmental quality by individuals, we arrive at the following equation
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W = W iY" Y ”', U^) . . [ 2 . 2 7 ]

or the welfare of all individuals (measured in terms of their consumption of goods, which in turn 

depends on their income) and the utility derived from environmental quality are important 

determinants of welfare for the social planner. This is maximised subject to the use of various 

policy instruments such as output subsidies, investment subsidies, or setting of environmental 

standards. This normal specification of the welfare function weights increases in consumption of 

people with lower incomes higher than for people with higher income levels. Hence income 

generation in a backward region would be weighted higher than in a developed region.

Case 1

When looking at the producers’ market, we considered the case of subsidies being granted for the 

location in a backward region. It is assumed that the subsidies have no distortionary effects. 

Hence, the subsidies involve no cost to the government but are simply a transfer payment. 

However, to the extent the government grants subsidies out of its own funds, thereby constraining 

its other activities, this would entail a cost to the government. Thus the welfare function can be 

represented by

^ . . . [ 2 . 2 8 ]

for an output subsidy granted to all firms in region k. The corresponding equation for an 

investment subsidy would be

^ . . . [ 2 . 2 9 ]

Thus the total costs involved with subsidies, assuming that they involve a reduction in the 

spending possibilities of the government can be given by

^  . . . [ 2 . 3 0 ]

It is obvious that the government would grant subsidies up to the point where the unit increase in 

welfare equals the unit cost of subsidies disbursed.

Case 2

Turning to environmental regulation. We have assumed the government to introduce environmental
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regulation by setting standards'* .̂ Firstly, if the government does introduce standards and that real 

world situations prevail, these standards would not be automatically enforced. Hence not only 

would there be a reduction in welfare from the environmental damage incurred but additionally, 

in order to ensure that the standards are met, the government would have to incur enforcement 

expenditures.

If the expected enforcement costs (EC) is as a function of the number of audits the controlling 

agency performs and the cost per audit, ie.

E( EC)  = . . . [ 2 . 3 1 ]

where A is the cost (to the controlling agency) per audit conducted at location k and p"* is the 

probability that a firm at k is audited. We assume there are no variations in enforcement costs and 

probability across regions. This expenditure is assumed to hold for any new firm as well. If found 

to be non-compliant, a fine of F* is imposed (see chapter 4 and Appendix IV for details on the 

penalties imposed for non-compliance in India). The penalty function for a firm can be written as

p * p * p ^ . . [ 2 . 3 2 ]

ie.the penalty function is a function of the probability of being audited at location k (p"*3, the 

probability of being found non-compliant when audited (p"*) and the fine (F*). These would 

constitute additional revenues to the government. In this case, the welfare function is described 

by

W = W (53^ u n  -  (A ^  Y a  f  f

...[2.33]

It can be seen that the government would be willing to carry out audits up to the point where the 

expenditure for an audit and decreases in environmental quality are offset by the fine income due 

to non-compliance. This depends not only on the level of the fine but on the probability of being 

fined as well.

Case 3

The expected environmental impact (El) is a function of the number of firms in the region (V*),

This does not imply that standards are the most efficient but this assumption is held as most governments, 
including the Indian government, have adopted this method of enforcing regulation.

59



their output and their unit emissions {e). This can be written as

E { E I ) ^  k. [N^ * (X^ ♦ e) ] . . . [ 2 . 3 4 ]

The equation estimates the total emissions. These would be evaluated against their potential 

damage to the local ecosystem. This entails the determination of the assimilative capacity of the 

region and the willingness-to-pay of the individuals to halt/ reduce these emissions. Since both, 

the assimilative capacity and the willingness-to-pay, are difficult to determine, we assume that the 

damage or reduced environmental quality is a function of the emissions'**  ̂and the abatement costs 

per unit'*̂ . Hence the expected environmental impact from the location of firms in the region can 

be determined by

E { E I ) ^  k e  * cf*)  . . .  [ 2 . 3 5 ]

where is the unit cost of abatement and is assumed to vary across regions'**.

In this case the social welfare function can be described as

W = W Y ”', U^) e  . . . [ 2 . 3 6 ]

The government would be willing to attract firms into a region up to the point where the marginal 

benefits to labour from increases in consumption and utility are offset by reductions in utility from 

environmental degradation and marginal damages inflicted on the environment.

When the net social benefits of benefits to labour and penalties for non-compliance, are greater 

than the net social costs of the subsidies, environmental impact and enforcement effort, the social 

planner would undertake the project. This can be represented by the following equation
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We assume that in a backward area, with fewer firms, the assimilative capacity would be higher and so the 
associated costs would be lower.

The use of abatement costs is not quite correct as this assumption holds at the optimal point only. However, 
in the absence of a more workable alternative, we keep this assumption.

It is important to note that while firms abate to the extent o f their excess emissions, this does not reflect the 
true social cost of the damage inflicted. The social planner, however, accounts for the total cost of the 
production activity.
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vu = P/(V Y”', Û ) - V  (%* e

' Y,k Za * Yk * P " “ * P “'> ~ Y,k ôk + A*]

...[2.37]

It is expected that the environmental costs are lower and the benefits to labour higher for location 

in backward regions. However, the additional costs of the subsidies and enforcement need to be 

reduced from the net benefits.

2.12 The impact of corruption

The reasons for the emergence of corruption are discussed in chapter 3. However, at this point we 

assume corruption exists, and attempt to see its impact on (a) the planning process, and (b) 

location decisions.

2.12.1 The impact of corruption on producers

Corruption can arise at two stages in the location decision; the first, and most obvious, case being 

at the time of deciding on the location, and the second arises due to the implementation of 

environmental legislation.

Case 1

If the planners are corrupt and the gains from location in an area substantial to the firm, the 

planners could demand a bribe for the issue of a licence (discussed in chapter 3). The firm would 

then have to bear the additional cost of the one-time bribe for the licence.
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7 1 ^  =  m a x ^  [ P ^  f  ( x ^  +  -  m i u j i o f  X j ) ]  +

-  [{X^ e - S )̂ . . . [ 2 . 3 8 ]

where refers to the bribe paid'*̂ . Here corruption is assumed to be a one-time payment for the 

issue of the licence to set up the industry. The case assumes that the granting of subsidies creates 

a rent-seeking atmosphere in which firms compete for the allocation of the subsidies. For a 

backward region, if the firms see the value of the subsidies and benefits from location in a 

backward region as greater than the one-time bribe, they would bribe and set up the firm.

[P^ + h ]̂ > . . .  [ 2 . 39]

It is obvious that the firms will pay the bribe up to the point where the value of the subsidy is 

greater than (or equal to) the bribe^°. Alternately, it is possible that the (backward area) location 

confers on the industries a price advantage relative to its competitors. This could be from lower 

input costs or lower environmental costs (due to a greater assimilative capacity) or sole rights for 

the access to a particular resource. In this case, the net price advantage derived plus the subsidies 

must be greater than the bribe.

Case 2

The second case for corruption refers to the enforcement process. In a real world situation, the 

introduction of environmental regulations/ standards, does not imply they are automatically 

enforced. An enforcing body would be needed to ensure that the standards set are adhered to by 

the firms. If the enforcing agency is corrupt and the value of the bribe is less than the amount to

50

There may be some resources devoted to rent seeking activities, in which case the equation could be written 
as

= B +
where V® refers to the value of the bribe and is assumed to be a function of the bribe payed (B) and the cost 
of the resources devoted to rent seeking activities (c®/?®). However, for our case we assume that the transaction 
involves only the bribe, there are no further costs.

The analysis would change if we assumed corruption in the case o f issuance of licences, regardless of location. 
In this case the firm would bribe if  the expected profits are greater than the one-time bribe required to be 
made,

which would generally be true; implying that the willingness-to-bribe for licences in general would be greater 
than for licences for location in backward regions.
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be spent on pollution abatement, the firms might like to avoid abatement by paying the bribe^*. 

In this case, the problem can be formulated as

71̂  = m ax^ [P *  f  -  m irij {Qj x ^ ) ]  +

-  -  ( p ^  * p"^ * F ^ )  • • • [ 2 . 4 0 ]

where refers to the bribe paid to the enforcing agent. However, implicitly the firms are 

evaluating the cost of bribing against the cost of being penalised in case they are "caught" at a 

later stage^^ for not having undertaken abatement activities. Since they are considered to be 

private benefit maximisers, the social cost of the pollution are not considered. The penalty function 

is given by

(p aie  ̂ p n k  ^ pk' j  . . . [ 2 . 4 1 ]

where refers to the probability of being checked by the control agency, p"* the probability of 

being fined when found non-compliant, and F* the fine imposed. We use this formulation since 

the maximum limit of the penalty is fixed corresponding to the laws governing the regulation of 

firms with respect to environmental compliance. When firms bribe it implies that they view the 

compound probability of being (audited x detected x prosecuted x charged x fined) as being very 

low or close to zero^ .̂

As is expected, the question whether corruption is supported by the firms depends on the 

relationship between 5 ”̂", and c \ If c'' > the firms would be tempted to bribe,

ie.if firms do not expect to be caught and penalised due to non-compliance and the annual bribe 

is lower than the annual abatement expenses, the firms would choose to bribe.

At this point it can be noted that firms are not necessarily against corruption, so long as it allows 

for (easy) regulatory capture as, in this case, firms need not be as efficient as they would have to 

be under conditions of perfect competition.

We do not consider the case of extortion where firms might meet the standards set but nevertheless are forced 
to pay a bribe.

This follows Becker’s (1968) hypothesis. See chapter 3 for details.

This is also determined by the risk preferences o f the firms.
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2.12.2 Corruption and the consumers

Corruption can also arise with the interactions in this sector. However, given our limited 

specification of the sector, and that the firms are the main decision making units, we can assume 

that no corruption arises at this level.

2.12.3 Corruption of the planning process

Corruption at the planning process would be identical to that which arises at the production level - 

unless it finds a corresponding counterpart at the governing level, the transaction will never take 

place. Hence, there is no need to elaborate on this side - it is similar to the bribes arising at the 

corresponding level at the production side. In most cases the outcomes depends on how the 

planners rate the probabilities of the outcomes, which in tum depends on their attitudes towards 

risk. In the case where there is corruption of the enforcing agency, there is a definite worsening 

of welfare levels. Though audit costs might decrease, environmental damage costs increase 

dramatically. On the production side, the effect of corruption depends on whether the officers 

involved cheat the government in addition to being corrupt. If they are honest in terms of the 

government revenues collected, then they charge for the full value of the good, plus their corrupt 

demand. If they are dishonest, they charge any value they feel like. However, the range they can 

demand depends on the scarcity of the good and the range over which firms would be willing to 

bribe. Solutions for corruption lie in assumptions made about the level of corruption in the system, 

ie.if only low level corruption is assumed to exist, then the integrity of superior officers provide 

a method of correcting for the problem. However, with higher level and political corruption 

solutions are more difficult (see chapter 3 for a list of policy recommendations).

2.13 Finding the optimum

In order to set up the social welfare function of the social planner (government), we need to 

introduce some constraints on equations introduced earlier.

The first constraint refers to the subsidies distributed in the region, and which are taken 

to be less than a total sanctioned amount (H*) for the region. This implies that

(P *  + A*) i  . . . [ 2 . 4 2 ]

The second constraint is placed on the environmental expenses incurred for auditing the firms. We
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assume that the total expenses (£*) are greater than or equal to the sum of all audits in the region 

less the revenue from fines collected. In other words,

_  p a k  p n k  . . . [ 2 . 4 3 ]

We now tum to the optimisation problem.

2.13.1 Without corruption

Considering first the markets with no cormption, we basically use equation 2.38 with the above 

mentioned constraints.

In this case, the Lagrangian for the optimisation problem can be set up as

L = Y-, un - X. Y,. CT - p , X,)

-  -  [y (%" e  -  s'') p ^  ( y  -  C") ] )

-  Ag[ u *  P ' "  -  p ' *  P '^  F * ) -  e

-  A., [ (x '' ♦ e  -  S'') p"* c"'' -

( ( f ' '  f(x^ + - Y i  + -h*) ]

-  + A '')  -  S * ]

...[2.44]

The first order conditions (Appendix I) yield the result that the welfare of individuals depends on 

the shadow price of environmental quality. It is important to note that as income increases, the

proportion devoted to environmental quality increases, and since we assume the individual welfare

(and therefore social welfare) is related to income, this is an obvious outcome. The relationship 

is a weighted one, the weight being the amount of excess emissions times the probability of 

detection. Further, the ratio of the shadow prices of consumption to environmental quality is a 

function of the amount of excess emissions, the probability of being detected for non-compliance
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and the factor determining the proportion of income devoted to environmental quality. An increase 

in production results in an increase in environmental damage causing a decrease in environmental 

quality, with an increase in the cost of control to firms. The proportion of income devoted to 

environmental activities is directly related to the cost of damage to the environment and the 

weighted (by the cost of control and the probability of audit) rate of profits; and inversely related 

to the shadow price of environmental quality. This implies that the lower the utility derived from 

the environment; the greater the amount devoted to control emissions, subject to the cost of control 

for the social planner and the private firm.

Further, it can be seen that environmental expenditures will be incurred up to the point where the 

net expenses (shadow price*cost - fees) equals the net social willingness-to-pay for reducing 

emissions; this being described as the willingness-to-pay less the cost of control. Further, the 

probability of audit is directly related to the amount/ cost of environmental damage and inversely 

related to the cost of excess emissions. Additionally, the total subsidies are offered up to the point 

where the shadow price of subsidies equals the shadow price of profits.

Thus, in all it can be seen that the government will offer subsidies up to the point where the 

(marginal) expected benefits to labour less the (marginal) environmental impact plus reductions 

in utility from lower environmental quality equal the (marginal) value of the subsidy. In other 

words, the government subsidises business up to the point where the expected gains to labour and 

income from fines equal the anticipated costs of subsidies, enforcement and environmental 

degradation. Enforcement determines the amount invested in pollution control, which affects 

overall utility levels.

This optimisation is carried out in the light of firms operating as private benefit maximisers, 

maximising the following equation

71* = m ax^ [P *  f  (x^  + x^^) -  {Qi X j)  ] + if*

-  min^[ (%* * e  - S'*) p^* c-̂ *] [ 2 , 45]

In this case, the profit maximising firm  would produce up to the point when the net selling price 

(market price less transportation costs) and the value of the subsidies equal the cost of abatement 

and the total costs of the inputs (price plus transportation costs). In other words, the firm produces
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up to the point where the gains from selling the output and the subsidies available are equal to the 

abatement costs plus the net costs of inputs and transportation.

On the other side, the utility maximising consumers attempt to maximise total utility (JT) from 

consumption and utility as in the equation

U^)  • • [ 2 . 4 6 ]

or

Ijm' = Y e  -  S ^ )  -  C ^ )  ] • • • [ 2 - 4 7 ]

Obviously consumers would attempt to maximise consumption which depends not only on the 

price of the good but also on the quantities consumed and the total income earned. This total 

income, in tum, determines the amount of disposable income which then is used to "demand" 

environmental quality. Since both consumer utility and environmental quality are positively related 

to income, higher levels of income denote higher levels of consumer welfare.

2.13.2 With corruption

For the case of one time cormption, the firms would be willing to bribe if the expected benefits 

from setting up production capacity plus subsidy are greater than the bribe.

7t  ̂ = maXjf [ P ^  -  minj  { Q j  X { )  ] +

-  [ { X ^  e  -  S ^ )  . . . [ 2 . 4 8 ]

For the case of cormption at the enforcing agency level, the firm would bribe if the total 

abatement expenditures are greater than the bribe.

71̂  = m ax* [P ^  f  -  m irij {Qi Xj ) ]  +

_  QIÏC _  i^pak p n k  ^ . . .  [2 . 4 9 ]

Again, the firm views the compound probability of (being audited x charged x prosecuted x fined)
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by an honest officer as being very low. However, if this probability were to change, it is possible 

that the firm would find it safer to undertake abatement activities.

If only inspectors are assumed to be corrupt, then an increase in the level of the pay-off for 

reporting pollution would cause the price of pollution to rise, forcing firms to abate to greater 

levels. This decreases the incentive to monitor on the part of the inspector, resulting in higher or 

lower enforcement levels, with lower monitoring. This also depends on the ability of the regulator 

to distinguish between honest and dishonest reporting by the inspector (Mookherjee and Png, 

1995); an assumption which is questionable.

Hence a possible solution to non-compliance with environmental legislation could lie in very 

corrupt auditors, whose demands for bribes are so high that firms find it cheaper to abate. 

Alternately, it might serve the government to increase enforcement, such that the probability of 

being caught increases (further details can be found in chapter 3)̂ *.

2.14 Chapter summary: using the model

The chapter is a survey of three strands of literature: models of location theory, international trade 

models and the current debate on the movement of industry in response to differentiated 

environmental standards. The chapter presents highlights of the three areas of economic literature. 

The surveys of the models of location theory and international trade attempt to (a) isolate factors 

which influence industrial location decisions of firms; (b) review the existing literature which 

forms much of the base of the thesis; and (c) draw modelling insights from existing work. The 

factors isolated are used subsequently in the questionnaire administered to members of the Indian 

paper industry (sections 5.3, 5.4, and Appendix VI). The existing models are insufficient for direct 

application in the thesis due to their assumptions of first best optimal situations. This explains the 

modelling attempt at the end of the chapter where, nonetheless, data difficulties prevent full 

estimation. The assumptions of the model are based on the theory outlined above.

The model attempts to illustrate how the location of industries appears to have been actually 

determined in India. The model is simple in concept - the conventional marginal cost-benefit 

conditions are derived - but is used here to demonstrate the relevant constituents of the locational

^  This assumes that the increased enforcement is carried out by honest officers, who report non-compliance.

68



costs and benefits equation. In particular, we highlight the role of corruption in a context where 

regulatory intervention creates significant rents for which the industry ‘competes’. It is a first 

attempt to try and model how the interactions have occurred in a developing country with a strong 

planning tradition - India. We have not developed the model fully, due to the impossibility of 

obtaining the relevant data. Situations under which firms would prefer to bribe rather than abate 

are detailed in chapter 3 using real levels of fines and probabilities of conviction.

Coming to the movement of industry in response to environmental standards, this survey is of 

particular interest. While most of the literature is focused at the international level, it similarly 

could be applied at the national level in terms of the "push" and "pull" factors determining 

location. At the international level, the push factors are the high environmental standards in the 

industrialised nations; at the national level they are both the siting restrictions as well as the high 

standards imposed by the government. In terms of the pull factors, while at the international level 

these are the low standards/ high relative preference for pollution maintained by the developing 

countries, at the national level these could be subsidies and/or lower standards maintained in 

"backward" regions. Thus, similar to the analysis at the international level, the national 

government, too, is capable of influencing industrial location decisions. This influence at the 

international level has been seen to be low or marginal. However, the next chapter deals with 

corruption and its effects.
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Chapter 3: Corruption with regulation and enforcement

3.0 Background

The introduction of laws often confers on the implementing authority a power that allows it to 

make unprecedented gains. These gains could be from a one time transaction or a regular/ periodic 

one. Such situations could arise when the government intervenes to control either industrial 

location through a licensing system and/or the emissions from industry. Location of industries 

could be influenced through the granting of incentives, which if substantial could prompt a one

time compensation for the award of the incentive. In the case of pollution control, bribery of a 

different nature is being dealt with. Here the case of polluters could be willing to bribe the 

pollution inspector in order not to comply with the standards set by the pollution control board. 

The offenders see the costs of bribing the inspector as being considerably lower than those 

associated with pollution control. Here costs of bribing include the actual bribe plus the expected 

penalty, in the eventuality of being caught. The model, when defined in such a way, follows 

Becker’s (1968) formulation. At first, however, a brief survey of the literature will be undertaken.

3.1 Survey of literature on crime and punishment

Ever since Becker’s (1968) pioneering work on crime, research efforts have been diverted into two 

principal streams: the modelling of criminal behaviour, using a utility theoretic framework, and 

resource allocation by law enforcement agencies. Mention of crime and the necessity of devoting 

resources to the protection of the public dates back to Smith (1776). Nevertheless, after Smith’s 

reference, little attention was paid to this field, until Bentham (1896) argued that criminal 

behaviour was entirely rational and had little to do with physiological aberrations. Bentham 

assumed that individuals pursued a criminal route when there was insufficient pain [deterrence] 

attached to these acts (parenthesis added). Further developments in the field were marginal until 

Becker’s (1968) economic analysis within a utility maximising framework.

Most of the models adopt a rational approach to crime. This allows them to collapse the entire
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analysis into a cost-benefit approach. Further all models assume a fixed proportion of time being 

assigned to leisure and the decisions are simply reduced to allocating work time between legal and 

illegal activities. Broadly the models can be divided into time allocation and portfolio selection 

models. While, in essence, time allocation models can be reduced into a portfolio of time 

management problem, the underlying assumptions change the orientation of the problem. The time 

allocation models maintain that there exist non-monetary benefits and costs, the models of both 

Becker (1968) and Ehrlich (1973) convert these into monetary equivalents. Block and Heineke 

(1975), however, present a more general model, based on Becker’s framework, of which the 

Becker model is a particular case.

The portfolio management models consider the decision to commit an offense as a problem of 

portfolio selection. In this case, the proportion of wealth diverted to criminal activities are decided 

on. The approach is suitable only for cases where all the associated costs and benefits of crime 

can be translated into monetary values and where the labour input is small. These are primarily 

focused on problems of income tax evasion.

3.1.1 Time allocation models

In his 1968 article, Becker assumes all individuals are rational utility maximisers and so the 

decision to commit a crime is made on the basis of comparing the expected utility of the illegal 

outcome against the utility from legal endeavours. Criminals therefore differ from others to the 

extent that their perceptions of costs and benefits associated with these activities differ or that their 

expected probability of being caught is lower or that their attitude towards risk differs. The 

individual is assumed to follow the von Neumann-Morgenstem axioms of behaviour under risk. 

The main focus of Becker’s (1968) article was the amount of resources and how much punishment 

was required in order to enforce a legislation. A drawback is that Becker does not account in any 

way for the pleasure associated with the acts, nor does he consider the risks associated with normal 

employment. Pyle (1983) maintains that such extensions do not make a great difference to the 

main conclusions. Becker considers only gains in income rather than wealth and assumes that all 

is lost the moment the person is apprehended. His analysis reveals that a gamble will be accepted 

depending on the size of the expected loss, the expected gain and the probability of being caught 

as well as the persons attitude towards risk. Becker concludes that punishment has an 

unambiguously deterrent effect on crime, but does not mention the magnitude of the deterrent 

effects.
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Ehrlich’s model expanded on Becker’s basic framework, attempting to incorporate the gains from 

legal and illegal opportunities and to link the theory of criminal participation with the theory of 

optimal allocation of resources to competing activities. The problem was formulated in terms of 

state-preference theory; this approach implicitly assuming all outcomes are given monetary values 

and that at any particular moment only one of a number of well defined states can occur. Further, 

the gains from illegal activity and the size of the punishment are assumed to depend solely on the 

amount of time devoted to the activity. Diminishing returns to both the activities are assumed. This 

results in the conclusion that even if the individual is caught and apprehended, he will be left with 

a positive level of wealth. It is unclear as to whether the amount of time spent in illegal activities 

also increases the probability of apprehension. In Ehrlich’s model each individual has only one 

choice variable, ie.the amount of time spent in illegal activity. Participation in criminal activities 

are shown to be consistent with risk aversion, risk preference and risk neutrality. The model shows 

how the responses of individuals change with changes in the probability of apprehension and 

conviction, the severity of punishment and the relative rewards of criminal and legitimate pursuits 

which depends partially on the extent of their involvement in crime.

Block and Heineke’s (1975) model takes the Becker model further, assuming that not all 

implications of engaging in criminal behaviour can be ascribed to purely a wealth problem. They 

argue for the explicit inclusion of the psychic costs of crime and employment; restricting their 

analysis to property crimes. Here again the individual decides on the proportion of time to be 

devoted to legal and illegal activities and this feeds directly into the welfare function. This then 

makes it impossible to make unambiguous predictions about the effect of changes in the deterrence 

and fine variables. Individuals choose the amount of time devoted to theft (illegal activities) based 

on both their attitudes towards risk and their preference for honesty. The impact of changes in 

wealth, illegal pay-offs, penalties and the arrest rate on the proportion of time devoted to illegal 

activities has also been studied, for individuals displaying decreasing absolute risk aversion in 

wealth. Increased illegal pay-offs as well as increased penalties are seen to have both substitution 

and wealth effects. They conclude that an increased probability of detention will exert an 

unequivocal deterrent effect on crime, if involvement in crime is regarded as a normal activity.

3.1.2 Portfolio allocation models

The portfolio allocation models are valid for cases with small/ negligible labour input, eg. income
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tax evasion^^. The individual is assumed to face von Neumann-Morgenstem axioms for behaviour 

under situations of risk. The individuals utility function depends on his/her income, thereby 

eliminating non-pecuniary influences. Gains and losses from illegal activity are assumed to be non

negative, increasing in the amount of risk and increasing functions of the shift parameters'^ for 

a given amount of wealth allocated to illegal activity. Individuals are also assumed to be risk 

averse. Under-reporting of income emerges if the expected tax payment on undeclared income is 

less than the normal tax rate. Whether individuals declare more or less of their income with 

increasing income depends on whether they display increasing or decreasing relative risk aversion, 

ie.even the simple model does not unambiguously prove the ‘normality’ of illegal behaviour (Pyle, 

1983). However, it was unambiguously proved that for increases in the penal rate of tax or the 

probability of investigation, more income would be declared for tax purposes, ie.the deterrent 

effect of punishment is unquestioned.

3.1.3 Econometric studies of crime

A majority of the empirical studies have been macro (time series or cross sectional) ones using 

aggregate data on crimes, sanctions, socioeconomic factors, etc. Exceptions have been Manski 

(1978) and Witte (1980), who use individual, micro level data. The most often used data has been 

natural variation in crime rates and sanctions across geographical areas at a point in time; though 

controlled experiments and quasi-experiments have also been resorted to.

The assumption of a utilitarian approach allows for the translation of criminal behaviour into 

conventional economic behaviour, permitting the use of regression and simultaneous equation 

systems to solve for the observables^^. Another important implication of the analysis is the two- 

way interaction between criminals and the criminal justice system. Society, through its operation 

of the criminal justice system, weighs the costs of operating the system against the costs imposed 

on it by criminal activity^®. Lastly, the analysis aids in the prediction of the effect of certainty 

versus severity in punishment in deterring crime.

The most famous article in this field is by Allingham and Sandmo (1972). However, these models have not 
been surveyed in detail here.

The shift parameters refer to the change in income due to illegal activity; the change being positive or 
negative depending on the outcome of the activity.

The use of a p riori restrictions in economic analysis has been criticized (Taylor, 1978).

This creates problems of simultaneity and identification (discussed below).
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Part of the limitations of these studies hinge on the specification of the crime function: some 

researchers specify this as an equation in a simultaneous system between the criminals and the 

criminal justice system. In this case the problem of identification of the function emerges as well 

as problems with the data which impact on the supply function. Often it is impossible to set up 

a simple multiple regression model, with crimes as the dependent variable and sanctions and 

socioeconomic variables as the independent variables. This problem emerges since the certainty 

and severity of punishment determines the number of crimes but is in tum determined by the 

number of offenses committed. Hence, each variable in the model is in tum determined by the 

others, making the model impossible to solve. In order to arrive at a solution a priori assumptions 

about the variables, their significance and the manner in which they enter the function will have 

to be made; this decision being based not on actual observation but on theoretical reasoning (Pyle, 

1983). Thus the reliability of empirical estimates is questionable.

Another problem with the empirical study of crime deals with the measurement error involved: 

the supply of crime function uses recorded crimes, not the actual level of crime, as the dependent 

variable. One of the sanction variables is the probability of arrest, which is estimated from the 

number of arrests to the number of recorded crimes. This may give rise to spurious negative 

correlation between crime and arrest rates across areas (with differing measurement errors in the 

recorded crime variable). If measurement errors in recording crime statistics are not constant, then 

estimates of the deterrent effect of punishment would be inconsistent and biased (Pyle, 1983). 

Taylor (1978) shows that, for a simple logarithmic specification of the offenses function, the 

measurement error has both a multiplicative and additive effect on the estimate of deterrence 

elasticity; the two effects working in opposite directions. Further, since both the recorded crime 

and arrest data is a function of police effectiveness, Pyle (1983) feels that there may be incentives 

to manipulate the data.

One of the earliest and possibly the most interesting analysis was carried out by Ehrlich (1973), 

using cross sectional data for the US states. The supply of offenses function was specified as linear 

in the logarithms of the variables, and the deterrence variables refer solely to imprisonment rates 

and the length of imprisonment. The crime equation was part of a simultaneous model in which 

the per capita known crime rate in the category, the number of offenders imprisoned each year in 

each category, and the per capita law enforcement expenditures were endogenous variables. 12 

predetermined and socioeconomic variables were used in the regression analysis. The equation was 

solved using ordinary least squares for the period 1940-50. In addition 1960 data was used to
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derive ordinary least squares, two-stage least squares and seemingly uncorrelated regression. This 

implies that the paper is full of results, which are at times conflicting. Ehrlich (1973) found that 

the certainty of imprisonment was a greater deterrent than the severity of punishment; the income 

variables were more significant in property crime equations; that robbery and burglary were 

complementary crimes; and that burglary and theft were substitute crimes for each other.

Carr-Hill and Stem (1973) estimated a three equation model for a cross-section of police force 

areas in England and Wales for the years 1961, 1966 and 1971. The endogenous variables in the 

equation were the crime rate, the clear-up rate and the policemen per capita. The model made no 

attempt to determine the severity of punishment but treated it as an exogenous variable. Two other 

exogenous variables supposed to influence crime are the proportion of the population between 15 

and 24 years and the value of real estate. Again, like Ehrlich (1973), the model was specified as 

linear in the logarithms of the variables. The model was estimated using the full information 

maximum likelihood method for the three years separately and for different groupings of the police 

force. Such a specification provides more efficient estimations as it allows for the interactions 

between the equations; but correspondingly requires a greater accuracy in its specification^^. The 

analysis lends support to the deterrence theory and partly supports Ehrlichs’ results. An interesting 

conclusion was that increased policemen per capita tended to increase the recorded crime rates; 

this being attributed to an enhanced creating and reporting effect due to increased manpower 

outweighing the preventive effect. Further, urbanised areas tended to have higher crime rates; the 

effects of age, social class, and expenditure per police officer being mixed. They, however, did 

not attempt to disaggregate the crime variable.

Philips and Votey (1981) detail their earlier models (1972, 1975); however, the survey here is 

restricted to their latest work. Here the authors estimate a simultaneous model of crime generation 

using data for 50 counties in California for the year 1966. The per capita felony rate; the 

conviction rate and the number of law enforcement personnel were the endogenous variables 

considered. The crime rate was assumed to depend on the conviction rate, the percentage of those 

convicted imprisoned, the severity of the sentence imposed, the fraction with a higher penalty, and 

an index of socioeconomic and demographic factors. The function is embedded in a model of 

community operation of the criminal justice system. The dependent variable was assumed to be 

linear in the logarithms of the variables and was estimated using two-stage least squares. Their

If incorrectly specified, the results do not perform well compared to those derived using two-stage least 
squares or even ordinary least squares (Taylor, 1978).
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results indicate an inverse relationship between the conviction and the crime rate, and between the 

severity of sentence imposed and the crime rate. The socioeconomic index was significant and 

directly related to the crime rate. Detailed analysis of these socioeconomic indicators revealed that 

economic conditions such as poverty or frustrated economic ambition had a greater impact on 

crime rates than demographic variables.

Considering the crimes of burglary, larceny and robbery, Heineke (1978b) attempted to determine 

the relationship between crimes and legitimate activity. The model assumes each individual’s 

indirect utility function can be approximated by a trans-log function; deriving each individuals 

commodity demand and activity supply functions. Integrating over wealth distribution, aggregate 

functions are derived. The supply of effort to each activity then depended on the expected returns 

from the activity and the individuals wealth. The equations were estimated for the period 1967-72 

using data for standard metropolitan statistical areas. The most striking result was the apparent lack 

of interdependence between many sources of income; own expected returns playing the major role. 

The wealth effects from illegal activities were all negative. The data used is "rough and ready" 

(Heineke, 1978b).

Manski (1978) considered testing the deterrence theory against data for individuals. He supports 

this method on the basis of measurement error and simultaneity problems in macro-level studies; 

and the problems of aggregation in cases where individuals are heterogenous in circumstances, etc. 

In this approach, while individual behaviour in response to sanctions is noted, the impact on the 

criminal justice system is absent. The problem with such an approach is sufficiently detailed 

information/ data is generally absent. Manski (1978) felt that longitudinal data might be required 

to answer some questions; the gap in the data being filled by personal reports. The approach fails 

to account for circumstances under which the crime was committed. Nor does such an approach 

indicate how aggregate crime would be affected by any measures taken.

Forst (1993) elaborating on his earlier work, reports that the support for the deterrence hypothesis 

is small. Forst retested Ehrlich’s (1973) model against data for 50 US states in 1970. The model 

contained two endogenous variables, ie.the aggregate crime rate and the probability of 

incarceration, and three predetermined variables, ie.per prisoner expenditure on correction system, 

per capita expenditures on police and per capita expenditures on the correctional system. The 

crime rate was assumed to depend on 13 factors, some of which were the probability of 

incarceration, the average prison sentence, the per prisoner expenditure on correction, and other
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socioeconomic variables. The simultaneous part of the model was estimated using two-stage least 

squares. Estimation of the equation revealed none of the deterrence variables to be statistically 

significant; Forst's contention being the Ehrlich's (1973) study had overlooked many of these 

socioeconomic variables and hence overestimated the effect of the deterrence variable. Forst then 

re-estimated the crime equation using a restricted set of explanatory variables, and found that the 

elasticities associated with the deterrence variables to increase dramatically, but were nevertheless 

smaller than those determined by Ehrlich. While interesting in conclusion, Forst does not provide 

a reason for the inclusion of several of the socioeconomic variables. Further, the problem of 

spurious correlation between the variables is a possibility.

Taylor (1978) points out that one of the limitations of using time series data for crime is that the 

underlying model and/or determinants may have changed over the period under consideration. 

Quoting Passell and Taylor (1977), he maintains that Ehrlich’s model was not stable over the 

sample period, an imperative for time series analysis. Further, for the period 1935-62, they found 

no deterrent effect of punishment; indicating that the latter observations, ie.from the late 60’s, 

significantly influenced Ehrlich’s results. When an index for other crimes is included, Forst, 

Filatov and Klein (1977, as quoted by Taylor, 1978) found that the deterrent effect of capital 

punishment was insignificant. Further, Passell and Taylor (1977, as quoted in Taylor, 1978) find 

Ehrlich’s result heavily dependent on the log-linear specification of the functional form. Most 

empirical studies of crime have chosen a log-linear specification in order to be able to interpret 

the coefficients as elasticities. If specified in linear terms, both Passell and Taylor as well as Forst, 

Filatov and Klein prove that the deterrent effect becomes insignificant. The important indication 

of this being the dependence of the results on the specification of the functional form. Taylor 

(1978) concludes that the time series evidence does not permit the acceptance of the hypothesis 

that capital punishment has a significant effect on murder; statistical findings that the death penalty 

acts as a deterrent are not robust to changes in the time period under consideration nor to changes 

in the functional form (Taylor, 1978).

Surveying studies based on cross-sectional data and attempting to estimate the deterrent effect of 

the death penalty, Taylor (1978) finds that the results do not display as much sensitivity to the 

underlying functional form as the time series analysis does. Further the log-linear functional 

specification fails as several states had no executions during the years of the study. For these 

studies a measure of the length of the prison term for murder is available and can be entered into 

the equation. The results indicate a discrepancy; the reason for which can be attributed to
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specification differences in the functional form for executing and non-executing states. Overall, 

however, the results are inconclusive.

Koskela and Viren (1993) and Viren (1994) have tested the Beckerian model of crime using data 

from Finland. Koskela and Viren (1993) allow for heterogeneity over individual decisions to enter 

into the market for crime by incorporating the tax rate into the equation; the argument in support 

of this being that car tax rates are high in Finland and the higher the tax paid, the lower is the real 

income and hence the greater the motivation to indulge in criminal activity. Using Ehrlich’s 

specification of the crime model and modifying the data^ for auto thefts in Finland for the period 

1958-1990, they arrive at conclusions that strongly support the Beckerian model of crime. Viren 

(1994) develops a more general model of criminal behaviour using annual Finnish and 

international cross country data. The conclusions arrived at follow those of the earlier paper.

Summarising some of the main conclusions of the empirical studies carried out, it is clear that 

most support (weakly) the deterrence hypothesis. The relationship between crime rates and the 

probability of imprisonment, too, was inverse but support was not unambiguous; the same holding 

for the severity of punishment. The probability of apprehension had a greater deterrent effect on 

crime as compared to the probability of imprisonment. Factors affecting the decision to participate 

in illegal activity covered both positive and negative incentives; with the positive playing a greater 

role.

3.2 Survey of the literature on corruption

Corruption as a phenomenon is considered widespread in and particular to developing countries. 

However, industrialised nations have shown that they are not immune to the problem (Prest, 1995); 

the strict internalised bureaucratic codes of conduct showing signs of erosion (Andvig, 1986). 

Despite its widespread prevalence, the field has been relatively untouched by economists with the 

principal contributions being made by sociologists, criminologists and political scientists; the few 

scattered contributions by economists failing to result in any cumulative theoretical work. The

Two of the variables required in the equation were unobservable: total time spent in illegal activity and the 
total returns from illegal activity. The first was assumed to be a function o f the number o f cars stolen and the 
second was assumed to be a function dependent, on other things as well, on the number o f cars. Average tax 
rates for the cars, too, had to be computed based on the car import price which then determined the customs 
and VAT rates.
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possible reasons for this exclusion could lie in the fact that each corrupt exchange occurs in a 

special situation, making generalisations difficult; there is (obviously) a lack of empirical data; the 

extent perceived is limited to the number of arrests. Andvig (1986) points out that despite there 

being many situations in which corrupt practices may be adopted, the prevalence of this 

phenomena is comparatively rare.

The first step in the analysis of corruption would then be to define the term. There exist many, 

some rather convoluted, definitions of the act. While Rose-Ackerman (1978) uses a comprehensive 

one, her definition is rather long winded and refers solely to government corruption. This is a 

common failing in all studies; the focus on legislature or governmental corruption. They ignore 

private corruption, deeming it as embezzlement, fraud, etc. Andvig’s (1986) definition appears to 

be more encompassing - an action is cormpt when a member of an organisation (typically a 

hierarchic one) uses the organisation’s resources and his/her decision-making powers/ monopoly 

information to acquire marketable goods or services, in a manner that is in violation of the rules 

of the organisation or against the law. The definition rules out the attainment of non-marketable 

goods through the act; allows for only a hierarchical system to be corrupt and disregards the case 

when the rules themselves might be corrupt. And as is true for most definitions, it ignores 

borderline cases, where it is difficult to distinguish between legal and illegal acts. However, 

despite its obvious limitations, the definition appears the most comprehensive in the literature 

reviewed.

3.2.1 The reasons for corruption

The reasons for the emergence of corruption are both numerous as well as bound to particular 

situations/ conditions. Eker (1981) states that there exist some necessary and sufficient conditions 

for corruption. An existence of surplus wealth; a high rate of growth of national wealth and a 

concentration of political and economic decision making power in the bureaucracy comprise the 

necessary conditions for cormption; while the sufficient conditions are the moral code and the 

authority structure.

With no unprecedented gains/ windfall profits there exists little scope for inequalities to exist in 

societies. Only with development, and that too rapid and accelerated development, is this "surplus 

value" created (Eker, 1981). The great concentration of economic, political and bureaucratic power 

with the government, coupled with this surplus value, creates opportunities for corruption. Eker 

(1981) sees corruption as an exchange mechanism where wealth gravitates towards power in
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exchange for preferential treatment; gravitation being towards the most concentrated centre of 

industrial, commercial and bureaucratic activity, ie.the government. It is this centralised decision 

making process coupled with an absence of a system of values^*, that permits a proliferation of 

corruption. These then comprises the sufficient conditions for corruption. Many sociologists 

maintain that a moral code embedded in the obligations to kith and kin, which tend to foster 

corruption and nepotism, is not viewed as a crime, rather as a fulfilment of ones familial 

obligations (Dwivedi, 1967; Bayley, 1978).

3.2.2 The different approaches to corruption

There are several different approaches to corruption; the most well researched being that of the 

functionalist school. This approach, most actively adopted by political historians and sociologists, 

maintains that corruption is a natural phenomena, emerging in the initial phases of development 

when a large number of infrastructural projects are undertaken and individuals attempt to maximise 

their private gain. This trend fades with the onset of the modernisation phase (Andvig, 1986). The 

obvious failure of the hypothesis is in the context of America - an example of a modem society 

in the throes of corruption (Benson, 1988). The studies have tried to carry out a limited cost 

benefit analysis of cormption; with a listing of the pros and cons of the trend.

3.2.2.1 The functionalist approach

The functionalist group lists a number of pros and cons for corruption (Leff; 1978; Bayley, 1978; 

Nye, 1978). The most cited pros are that cormption is a possible method of capital formation, 

especially if the funds are invested in the country of origin; it cuts through both bureaucratic and 

ideological constraints; it could provide elites, non-elites and minority groups an opportunity for 

integration and allows for special interest groups to cut across the elite stmcture which might 

otherwise hinder their development; cormption reduces uncertainty and increases the rate of 

investment; it provides a hedge against a bad policy; it could help increase the speed with which 

bureaucratic procedures are carried out. On the other hand, the cons include cormption being a 

drain of capital, if invested abroad; creating distorted investments into sectors with largest 

cormption possibilities; leading to a waste of human skills in attempting to maximise individual 

gain; possible aid foregone; an instability of govemment, if cormption is widespread and viewed 

with distaste; a reduction in govemment capacity and legitimacy; a failure of govemment to reach 

goals; increases costs of administration. Thus, the main hypothesis of this school is that objects 

of cormption are limited in supply and are concentrated in the hands of a few; hence cormption

The values refer to the attitude towards corruption/ corrupt income.
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ensures the allocation of resources in the economy. This assumes that the most efficient firms 

make the highest bids and the allocation of scarce resource occurs only on the basis of money; 

other considerations of family ties, etc. do not enter the picture. Another underlying assumption 

in the support of corruption is that businessmen are normally marginalised in the economy but 

nevertheless are instrumental in development and through bribery can increase the efficiency of 

their operations (Leff, 1978).

The economists approach to corruption can be classified as the institutionalist, the microeconomic 

and the macroeconomic approaches (Andvig, 1986).

3.2.2.2 The institutionalist approach

Andvig (1986) finds the institutionalist studies are strongly empirically oriented, here referring to 

Myrdal’s description of various typical corrupt acts. The descriptions are followed by 

generalisations, which are both empirical and normative in nature. Myrdal (1978b) attributes a 

general diplomacy in research plus a defensive justification by scholars in the affected areas to the 

general lack of studies on the subject. He sees two phenomena, closely related, in circular 

causation, as reactions to corruption: (a) the "folklore" of corruption which refers to peoples beliefs 

about corruption and their corresponding emotions; and (b) the public policy measures, ie.the anti 

corruption campaigns. The folklore of corruption embodies an entire range of social factors, 

including perceptions that people in a position of power would use their influence to further the 

development of their own family, etc. Often the cumbersome procedures set up to avoid 

concentration of power in the hands of an individual and to prevent corruption have actually 

supported the establishment of a corrupt system, as in India (Wade, 1985).

Myrdal (1978a) feels that the extent of corruption depends on the relative freedom of the press and 

the overall moral attitude adopted towards corruption. On the other hand, the low remuneration 

to civil servants^^ and their social position needs strengthening before any attempt to weed out 

corruption can be successful. Nye (1978) states that the political office as the prime means of 

gaining access to wealth and weak social and political enforcement organisations contribute to the 

spread of corrupt practices. Additionally, in many Asian countries remanents of the pre-capitalistic.

There are several theories that explain this low salary; (a) each civil servant is paid according to his 
opportunity cost. The theory assumes that civil servants are incapable of getting another job and drift into the 
system. This is obviously not the case in several countries where entry is through public competition; (b) civil 
servants account for the corrupt income in their estimations o f expected earnings, and so the low salary is not 
a point; and (c) their low relative status prompts them to look for corrupt earnings. Of the theories, the last 
two are possible reasons for corruption in India.
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traditional society can be found. These dual societies faced greater division with the advent of the 

colonial rule; another separate layer being added to an already stratified society. An aspect of 

corruption not often dealt with is the role played by western business interests competing for 

markets in Asia or embarking on direct investments in industrial enterprises (Myrdal, 1978b). Scott 

(1978) feels that corruption at the enforcement stage is a method of interest group interactions/ 

articulation. He goes on to analyze cormption and interest group representation in terms of the 

"machine model", ie.a party that adjusts to the demands from a heterogenous clientele on the basis 

of self interest.

3.2.2.3 The microeconomic approach

The microeconomic studies referred to by Andvig (1986) comprise of studies that set up certain 

typical cases where cormpt transactions are likely to take place, ascribing motives to the actors 

in the situation and studying the likely outcomes from the interaction. The studies often end up 

with trivial results or adopt simplistic analytical methods, but nevertheless remain useful as a 

method of organising thought (Andvig, 1986). The situations reviewed are varied, defying easy 

classification and giving rise to a number of boundary conditions.

Generalising, it is possible to categorise seven different agents with varying preferences; 

politicians, high level bureaucrats, low level bureaucrats, citizens, owners of capital, managers, and 

employees (Rose-Ackerman, 1978). The situation for politicians is characterised by the uncertainty 

of tenure, a certain immunity from the normal administrative sanction; their trade-off lying in 

valuing goods from cormpt income against a reduced possibility of reelection. Higher level 

bureaucrats face a relative certainty of tenure and an immunity from administrative sanction, but 

worry about the effect of cormpt income on the standing of their bureau. For lower level 

bureaucrats career prospects are more important as compared to the impact on the bureau. Cormpt 

citizens refer to individuals willing to engage in cormpt acts under certain circumstances. To 

unambiguously define cormption for owners of capital is a bit difficult; illegal furthering of 

business interests might be beneficial to the economy while legal transferring of company assets 

for private use detrimental. For managers tenure is insecure and additional income from cormpt 

means need to be assessed not only against tenure but also on company performance and security. 

Emplovees in private firms are similar to lower level bureaucrats but are possibly more closely 

monitored. Most of the studies focus on cormption of the bureaucracy or the govemment; the total 

number of possible cases being eight.
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3.2.2.3.1 Low level corruption

Rose-Ackerman ' s (1978) model of corruption at the lowest level is used as an example. The 

assumptions of the model are: n firms competing for a govemment contract; the low level 

bureaucrat decides who gets the contract; a perfect market for cormption, ie.the bribe offers are 

riskless and without other costs; the govemment is also assumed to have a well defined preference 

function over the goods offered by the firms; the firms are not able to sell the good privately; the 

individual firm cost functions are unknown to the official but through bargaining s/he is able to 

skim the quasi-rents associated with the deal; the officer is honest to the extent that only the firm 

that gets the contract has to pay the bribe. Further, it is assumed that s/he tmthfully informs all 

firms of the size of the bribe offers s/he has received^^. Since the price for the good is decided 

by the higher officials who are honest, the scope for cormption is limited. Thus, the Rose- 

Ackerman (1978) model assumes that penalty functions and moral costs are neutral across firms 

and depend only on the money value of the bribe, mling out the possibility of nepotism. The gain 

to the officer depends on the value of the bribe less the penalty function while the net profit to 

the firm is a function of the sale receipts less the costs of production, bribe, penalty and moral 

costs. In this case, it is not imperative that the most efficient firm gets the contract, since 

subjective costs vary across firms.

Such a definition of the problem gives rise to the following possibilities: all bribes are acceptable; 

no bribes are acceptable; all bribes below a maximum are acceptable; and all bribes above a 

minimum are acceptable. Since only a situation of bribes are being considered and that the 

individuals are rational, the contract gets awarded to the firm willing to supply the maximum 

bribe. The situation is one with a limited possibility for bribing and an overall limited economic 

impact. If the penalty and moral functions of the firms vary greatly, then the least bribery averse 

firm is likely to get the contract; while if the variation is slight, the most efficient firm is likely 

to get the contract.

The limitation of the approach are easy to spot: generally no low level bureaucrat is able to decide 

the outcome of a contract on his/her own; bribe offers are generally not riskless, this assumption 

holds only with a further assumption of constant marginal utility of money; it also assumes that 

either all firms know how much to bribe the officer, ie.information is costless, or that the 

bargaining process is costless. Despite these obvious limitations of an extremely simplistic case.

This is an obvious limitation of the model. Most of the problem surrounding bribery is the secrecy involved 
in the deals. Alternately if the officer has to state that he is corrupt, he has obvious reasons to understate (to 
avoid punishment) or overstate (in order to push up the bids o f the competing firms) the size of his/ her offer.
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the more complex models, with greater scope for corruption, add to the analysis but do not alter 

the main conclusions of the basic case.

Arguing in favour of a game-theoretic approach to the problem of corruption, Macrae (1982) 

assumes N  multinational firms compete for a project worth P units, ie.the contract is worth the 

same to all firms. In this case the corrupt officer can only enhance the probability of a bidding 

firm getting the contract. Since the officer accepts bribes from all parties, s/he also has to decide 

which party to ultimately support as, in increasing the chances of one firm, s/he decreases the 

chances of all other firms. Setting up the two extreme cases of when only one firm is honest and 

when only one firm is corrupt, Macrae (1982) sets up how the expected income varies with the 

number of corrupt firms. Given the costs associated with bribing and the expected penalties and 

pay-offs, the expected income with bribing and without bribing is derived. Macrae’s (1982) main 

conclusion is that with reasonable assumptions about the penalty function, the cost the bribing firm 

has to pay and the cost the official is able to impose on a non-bribing firm, the dominant strategy 

is to bribe. That is, whatever the firms do it will always be profitable to bribe and so all firms 

would bribe; thereby landing themselves in a sort of prisoners dilemma - they all will bribe but 

will not increase/ change their initial probabilities of getting the contract. Clearly cooperation in 

choosing a non-bribing strategy is superior to the case when only one firm chooses not to bribe.

Another category of models, commonly referred to as queuing models, deal with a single, possibly 

low level, officer who has control over a good desired by several private individuals. The stated 

allocation rule in this case is a queuing process, ie.the person first in the line has priority over 

access. This analysis dates back to Leff s (1978) argument that "speed money", ie.money used to 

speed up services in a queue, need not be altogether bad. It could lead to increased economic 

efficiency by speeding up the allocation process as well as resulting in an allocation of resources 

to those with the highest time cost of money. This means that projects get selected on the sponsors 

willingness-to-pay rather than on the basis of the best project. Myrdal (1978a) counters this claim 

by suggesting that this might cause undue administrative delays as officers attempt to increase the 

willingness-to-pay of the private individuals. If bribery is fairly established and there exists ‘rates’ 

for the services provided, Leff s argument might hold. However if the officer involved is interested 

in maximising the earnings from each entrant to the queue and is able to differentiate between 

them, then Myrdal’s hypothesis would be validated.

In all, the queue rules that apply would influence the bribe method adopted by the officer. Further,
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the visibility of accepting bribes affects demand - if bypassing others in the queue is visible, 

demanding/ taking a bribe would be more difficult. However, if higher level officials are also 

corrupt, then transparency in bribe taking is not a deterrent. These models are largely based on 

their operation research counterparts and are generally fairly complex. They assume that customers 

arrive in pre-determined manners, usually a Poisson process. Further, service times are technically 

fixed, and follow an exponential process. The scope for the incorporation of economic 

considerations, therefore, is limited.

Models supporting either Myrdal or Leff s assertions have been developed: Rose-Ackerman (1978) 

also has a queue model that supports Myrdal’s contention, while Rashid (1981) and Lui (1985) 

develop models with results that are in line with Leff s hypothesis. Rose-Ackerman (1978) 

assumes that neither honest nor corrupt officials are able to perfectly price discriminate between 

customers. The legal administrative system, however, establishes queues with different priorities - 

this multiple queuing system being more efficient than a single queue. Further, low-level officials 

find it difficult to be corrupt in multiple queues. Other reasons put forth by Rose-Ackerman as to 

why bribery might not increase efficiency are officials might be working at full capacity; laziness 

might not be a universal characteristic, etc. Additionally, the costs of concealment are substantial 

and need to be accounted for.

Rashid (1981) bases his work not so much on a particular queuing model but rather on empirical 

observations of a telephone operator in India. His contention is that the egalitarian rule, where 

every individual has equal access to public facilities, faces the same waiting time and quality of 

services, is actually inefficient. He feels that business calls are an integral part of production which 

feeds into the consumer utility function, and should receive higher priority. This priority is not, 

and cannot be, allowed as a public policy. So business, with a higher willingness- and ability-to- 

pay, can bribe the officers; this corruption leading to greater efficiency in the economy. The 

argument is limited by the assumption that there is a positive externality generated by business 

transactions and the most efficient firm gets the contract. Rashid (1981) feels that the second round 

effects of this corruption could turn negative when the officials start to search for new clients. 

However, if senior officials are honest, they know the full capacity of the system and hence the 

extent of cormption is limited.

Lui (1985) examines Myrdal’s hypothesis, allowing (i) officials to vary service time so as to 

maximise bribe income and (ii) customers to formulate their own bribe offers. His results reject
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Myrdal’s hypothesis for the case when individuals pay different sizes of bribes according to the 

expected priority desired, plus a fixed amount to enter the queue. The model, however, fails to 

account for transaction costs.

3.2.23.2 Higher level corruption

Higher level bureaucrats could be dishonest by either not policing their juniors effectively or by 

themselves being corrupt. Here corruption could either be in terms of inflated cost information in 

order to increase the size of their bureau (Niskanen, 1971) or increased supply of non-marketable 

goods (Migue and Belanger, 1974). In cases where the official receives the bribe himself or 

extracts it from lower level officers, the bureau’s costs will decrease; however if suppliers are 

willing to pay for a contract, the bureau’s budget would increase (Rose-Ackerman, 1978). Andvig 

(1986), however, feels that the incidence of higher level corruption, on its own, is relatively rare. 

This category tends to be relatively more honest due to lesser direct contact with possible bribers, 

a requirement of political protection for continued indulgence in corrupt activities and are more 

predisposed to sensational disclosures by the media. When this category is dishonest, it generally 

occurs in collusion with politicians.

3.2.2.3.3 Political corruption

The incidence of corruption at this level is influenced by the political system adopted by the 

country. Here politicians engage in corrupt deals with people who offer money in return for a 

favour. Rose-Ackerman (1978) sets politicians’ welfare levels to depend, positively, on the 

probability of re-election and the level of personal income. The assumptions are that income can 

be increased only by participation in corrupt deals and that rational bribe-givers would bribe the 

politician to vote against his/her political interest. Such voting by the politician could reduce the 

possibility of re-election. The assumptions reduce to a trade-off between the reelection probability 

and the amount of personal income^. The amount of income required to corrupt the politician 

increases around the 50% chance of re-election, but decreases again thereafter (Rose-Ackerman, 

1978). The analysis holds also for cases where re-election does not depend on the voting of the 

politician but on the level of corruption society is willing to bear.

3.2.2.3.4 Centralised kleptocracy

The model of centralised kleptocracy (Johnson, 1975) describes a system where politicians apply

^ This need not be true, as can be seen from various countries, where corrupt income has been used to finance 
reelections.
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all their rule-making powers to maximise their own personal income. The assumptions of the 

model are a democracy with a number of parties; each party displays varying degrees of aversion 

to corruption; the marginal utility of income earned corruptly is greater than zero; and the party 

that assumes control will adopt corrupt activities as a normal investment process.

The persons in command can earn money through the following methods: they could receive a 

share of public expenditures; they could preempt some of the normal income tax accruals; or could 

create their own forms of illegal taxation. The associated costs of corruption are defined as: the 

moral costs, which forms a multivariate function; the legal costs, which refers to the costs 

associated when caught by the judiciary; and the political costs, ie.the risk of being overthrown 

by a competing group. The maximisation problem is infinitely complex with the kleptocracy 

attempting to maximise the discounted expected value of its corrupt income, subject to the three 

costs and their distribution over the different activities undertaken. However, the kleptocracy will 

be unable to collect all its income personally and therefore some decentralisation would have to 

occur, resulting in a sharing of some of the gains. This complicates the analysis, but Johnson 

(1975) does not elaborate further.

A kleptocracy has a number of consequences on the allocation of resources in a country: there 

would be an income transfer from the public to the politicians; public expenditures would increase 

corrupt income and hence is likely to be unfavourable to the public; since corrupt income is risky, 

it is likely to be placed in foreign accounts or spent on conspicuous consumption; if potential gain 

from political activity outstrips that from economic activity it might lead to an overconcentration 

of resources in the political sphere; since the kleptocracy would favour monopolies or 

monopsonies, the associated inefficiencies in the economic sphere would also arise; and the less 

corruption averse leadership would tend to drive out the more honest ones, as they would have 

a higher willingness-to-pay for the fight for the political office.

The lack of common structure for the micro studies makes the classification of macro studies even 

more difficult. Andvig (1986) defines them as situations when higher corruption in one sector 

leads to an overall higher level of corruption in other sectors, why corruption levels vary across 

countries, economic systems, etc.

3.2.2.4 The macroeconomic approach

This section deals with studies that make some reference to the size of total resources involved
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in corrupt transactions and the relative frequency and incidence of these acts.

One of the earliest studies in this area was conducted by Krueger (1974), who formulated a model 

of rent-seeking behaviour. She assumes that rents arise due to restrictions placed by the 

govemment, but fails to clearly state what she refers to as rent. Andvig (1986) assumes that she 

refers to rents generated when people have a quasi-monopoly control over goods, this control 

giving them an opportunity to extract resources (rents) from others. Competition for such a 

position of control could occur through either legal or illegal means, and such a competition 

involves costs. Again the starting point for the generation of such situations of rent extraction, is 

the govemment; the more extensive the govemment control, the greater the rent-seeking activity. 

Cormption and bribery are both part of this rent-seeking activity. Kmeger assumes that rent- 

seeking activity and cormption are positively correlated. This assumption has been countered by 

Rashid (1981), who describes a situation where bribes might actually reduce the aggregate level 

of rent-seeking in the economy, and Andvig (1986, quoting May, 1985). Kmeger (1974) details 

methods in which import licences give rise to rent-seeking activity.

Kmeger (1974) then proves that competitive rent-seeking entails a welfare cost, in addition to that 

incurred through tariffs. For this, she uses a small country trade model with three sectors, two 

commodities and one factor of production. Intemational prices for both the goods are unity. Due 

to fixed land supply, decreasing marginal physical product of labour is assumed in the agricultural 

sector; while in the distribution sector, constant retums to scale are assumed. Further, consumption 

pattems are assumed to be the same over all consumers, ie.farmers, distributors and rent-seekers. 

Describing situations of trade with and without restrictions and then with rent-seeking, Kmeger 

concludes that: an import prohibition might be better than a nonprohibitive quota, if there is 

competition for licences under the quota; it is not possible to rank the tariff equivalents of two or 

more quotas, since the value of the rent is a function of both the amount of rent per unit and the 

volume of imports of each item; the more inelastic the domestic demand, the lower the welfare 

cost of a tariff and for a quota-cum-tariff the more price inelastic the demand, the greater the value 

of rents; competition among importers will result in a better allocation of resources than will 

monopoly; and devaluation under quantitative restrictions would have important allocative effects 

as it reduces the value of the import licences.

Placing Kmeger’s (1974) study under premium seeking activities, Bhagwati (1982) classifies the 

studies under activities that represent ways of making profit by undertaking operations that are
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directly unproductive, ie.directly unproductive, profit-seeking (DUP) activities. These activities 

"yield pecuniary retums but do not produce goods and services that enter a utility function directly 

or indirectly via increased production or availability of goods in the economy....insofar as these 

activities use real resources, they result in a contraction of the availability set open to the 

economy" (Bhagwati, 1982). Under this broad overview comes activities such as tariff evasion', 

revenue seeking, ie. where agents attempt to capture a part of the tariff revenue when a protectionist 

tariff is adopted; and tariff seeking, where agents lobby for the imposition of protectionist tariffs. 

Bhagwati's analysis supports Myrdal's (1978a) conclusions that such activities result in a loss of 

production; including only a part of the income loss of the activity as DUP. The case of the 

efficient firm increasing production is excluded from the possibility set.

In analyzing the welfare impact of such (DUP) activities, the following assumptions are made: the 

world is distortion free, with the exception of the distortion introduced by the DUP activity; DUP 

activities emerge from govemment policies only; no distinction is made between activities that use 

real resources directly and those that do not; there is a distinction between legal and illegal 

activities. Classifying the possible situations, Bhagwati (1982) outlines the following cases: 

category I, where both the initial and final situations are distorted; category II, here the initial 

situation is distorted but the final is distortion free; category III, here the initial situation is 

distortion free but the final is distorted; category IV, here both the initial and final situations are 

distortion free. Legal activities under category I comprise of premium and revenue seeking 

activities while the illegal activities cover tariff evasion or smuggling. The consequence of such 

activity is that second-best analysis applies, implying that the paradox of beneficial outcomes is 

possible, except for the case of pure quantity distortions. Legal activities under category II 

comprise tariff destroying lobbying while the illegal activities cover tariff destroying lobbying with 

bribes to politicians. The consequence of such activity is that second-best analysis applies, 

implying that the paradox of beneficial outcomes is possible, except for the case of pure quantity 

distortions. Legal activities under category III comprise of monopoly and tariff seeking activities 

while the illegal activities cover tariff evasion from an optimal tariff situation. The consequence 

of such activity is necessarily immiserizing^^; the subsidiary paradox could result in the fact that 

the distortion imposed without the DUP activity may yield lower overall welfare levels than with 

the DUP activity. Legal activities under category IV comprise zero-tariff-outcome lobbying while

When economic expansion, that increases output through either technical progress and/or factor accumulation, 
leads to such a deterioration in the terms of trade that the gains from growth are offset by the terms of trade 
and results in a reduction in the real income of the growing country, it is termed as immiserizing (Bhagwati, 
1958; Bhagwati, 1968).
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the illegal activities cover theft. The consequence of such activity is necessarily immiserizing; with 

no paradox holding.

Shleifer and Vishny (1993) model the relationship between the govemment and an official who 

accepts a bribe from a private individual, in return for a governmental good. The focus is on the 

implications of cormption for resource allocation and is done by analyzing how the cormption 

network is organised. They conclude that the imperative of secrecy makes cormption more 

distortionary than taxation. The assumptions are similar to most others: a low level govemment 

official, in a position to restrict the supply of a good meant for free access without detection from 

supervisors; costs of production of the good are of no importance to the official; the official is in 

a monopoly situation to supply the good; the business requires only one govemment good to 

conduct its operations; there are no moral costs included. Two cases are considered: one with theft, 

ie.the official does not hand over even the marginal costs to the govemment; and one without 

theft, ie.the official hands over the marginal costs to the govemment but appropriates the 

additional income. In the second case, the value of the bribe is always greater than the govemment 

price; while in the first case, it depends on the propensity of the official to extract a payment. 

Cormption with theft aligns the interests of the buyers and the official and hence detection in this 

case is much lower.

With the introduction of a fine, Shleifer and Vishny (1993) conclude that official behaviour 

depends on the manner in which the fine is stmctured. The case of many independent monopolies 

with competition in supply, joint monopolies and independent monopolies without competition are 

discussed, and the expected result of a competitive solution being the least distorted is derived. 

Extending on Stigler’s (1964) work, they argue that collusive bribe maximisation is easier to 

enforce when bribe increases are easily detected and the punishment severe. Bribe increases are 

easy to detect when there is effective policing, the mling elite is small or is relatively homogenous 

and the cartels effectiveness in enforcing collusion depends on its ability to punish deviators. To 

eliminate cormption, Shleifer and Vishny (1993) conclude that with theft, competition in the 

provision of public goods is important along with increased monitoring; while for cormption 

without theft, an increased competition in the supply of govemment goods should reduce the level 

of cormption. To the extent that the mling elite wishes to maintain status quo, it will oppose 

innovation, support monopolies, prevent entry into the market, etc. While the study raises 

interesting points, its robustness when applied to some countries is limited. Their conclusion that 

political competition, democratic elections and a free press would force govemments to be
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relatively corruption-free fail when applied to India, where all conditions exist alongside 

corruption. The converse holds true for Korea.

In a recent article, Jung et al (1995) add rent-seeking behaviour to the Coase Theorem. The 

authors justify their expansion (of the Coase Theorem) on the hypothesis that agents would not 

passively accept the property rights assignment and then bargain; rather they would seek to 

improve the initial allocation of resources through rent-seeking. Using a game-theoretic model, the 

authors conclude that low transaction costs increase the amount of rent-seeking activity in the 

economy. They feel that this is a possibility in cases where property rights are not clearly defined, 

as the costs influencing the allocation of rights are typically low. Hence in cases where enforcing 

property rights is an economically rational option, rent-seeking activities aimed at influencing the 

allocation of these property rights would also be rational. This holds as long as the costs associated 

with this rent-seeking does not upset the cost-benefit analysis of the rent-seeking activity. 

Informational uncertainty would also tend to strengthen strategic behaviour with regard to this 

rent-seeking activity. They conclude that even with imperfect information and asymmetric 

bargaining power, agents would nevertheless attempt to influence the distribution of rights through 

rent-seeking. And, if the Coase theorem assumption of zero transaction costs is maintained, the 

theorem is invalid to the extent that the agents would not passively wait for the allocation of 

property rights and then bargain, but rather would actively attempt to change the distribution of 

property rights beforehand through active rent-seeking.

3.3 Limitations of definitions involved in models

An important assumption made by all authors, is that cormption arises from within the 

bureaucratic set-up of the country. This assumption rests on the belief that the law enforcement 

process confers discretionary powers on the public agency, hence leaving it open to cormpt offers 

(Benson, 1988). Thus a mixed system, ie.with both a private sector and a bureaucratic set-up is 

rife with cormption. Private sector cormption is assumed to be controlled by the market and the 

threat of dismissal on discovery. While Benson’s (1988) argument holds for the bureaucratic set

up, it can hold just as well for a private school with restricted seats and a number of students 

trying to secure admission. This aspect is often ignored in the analysis.

Assumptions that cormpt transactions arise from within the bureaucratic set-up implicitly assume

91



that a liberalisation (or démocratisation) of the decision-making process should decrease the level 

of corruption through a reduction in the possible (corrupt) transactions. Though Ades and di Telia 

(1996) find a clear, inverse relationship between corruption and indices of economic 

liberalisation^, other studies (Kong, 1996; White, 1996) conclude that rather than decreasing the 

incidence of corruption, economic liberalisation redefines the character of corrupt transactions 

away from those initiated and controlled by state actors to those initiated and controlled by actors 

in civil society, ie.a privatisation of corruption. The scale and distribution of the new corruption 

depends on the nature of the ‘political settlement’ between the state and society, and on the extent 

to which this settlement is challenged and contested (Khan, 1996).

Further, only a few (Myrdal, 1978b; Dwivedi, 1967) have drawn attention to the vast income 

disparities between the incomes of private and public sector employees. This differential is further 

exacerbated with the advent of liberalisation. Currently in India, top officials in the public sector 

earn less than 60% of what beginners in private industry can^ .̂ Factors such as these need to be 

accounted for in discussing corruption, as well as when detailing plans to counter corruption.

Andvig (1986) feels that corruption is not as rampant as is could be, given the large number of 

low-level potentially corrupt transactions that are conducted. He lays the responsibility for this on 

the transaction costs involved in corrupt deals. At first a demand for a bribe must be made; the 

demand may require several repetitions, if the market for corruption is thin. Thus, there are 

substantial transaction costs involved in terms of how to frame the bribe, what level to fix the 

bribe, etc. The same holds true for the client who might be willing to pay but does not know 

whom to bribe and how much, again when the market for bribes is thin. This random matching 

of at least two people from different sides of the market, individually corrupt in their own markets, 

makes the joint probability low (Andvig, 1986). Most models tend to ignore this aspect of a 

corrupt deal, focusing only on the low probability of being caught, proved guilty and convicted.

Differences in societal structure, however, do provide a basic ground for corruption, ie.if the 

existing market for corruption is thin, corrupt transactions infrequent, then the search costs are 

high and with that the probability of striking a successful deal small. The greater the frequency 

of corrupt transactions, the more likely the possibility of a corrupt deal and the greater the

“  taken to be represented by the degree o f domestic market competitiveness and openness o f the economy, 

personal discussion.
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likelihood people may resort to such a method of extortion. This implies that corruption is a 

cumulative phenomenon, ie.the greater the frequency of cormpt transactions, the more likely the 

possibility of a corrupt deal and the more likely people may resort to such a method of extortion. 

Further, sanctions against corruption are likely to be more effective when based on prevailing 

cultural norms (Andvig, 1986; Dwivedi, 1967). Societies with large family networks and strong 

loyalties are more likely to indulge in corrupt activities as (a) they do not view helping the family 

as corrupt, rather as a fulfilment of obligations (Dwivedi, 1967; Bayley, 1978) and (b) it provides 

a network over which these transactions can occur, providing both security as well as reducing 

transaction and search costs.

All microeconomic models include a moral cost, in most cases a constant cost, when formulating 

the equations of the corrupt official and the bribing firm. The level of the moral costs and the 

manner in which they influence the size of the bribe will be a function of individual preferences 

and the workplace attitude towards corruption (Rose-Ackerman, 1978). Andvig (1986) sees these 

moral costs as positional goods and any decrease in the moral virtue would lead to a cumulative 

decrease in the overall level. Attitudes towards corruption also depends on cultural factors; cultures 

with a hazy distinction between public and private life are more prone to corruption. While 

mention is made that moral codes are determined by education, culture, workplace attitudes, etc., 

in all models an explicit definition of what comprises the moral costs is absent.

3.4 Limitation of empirical data for support

Due to the secrecy involved in corrupt transactions, any estimate of the extent and amount 

involved is limited. If based only on the number of convictions, it clearly is an understatement of 

the extent. Further, since often only the large and more sensational cases are highlighted, an 

overestimate of the amount involved per corrupt transaction could result. Nevertheless, some 

attempts have been made. The studies provide no clue as to the extent of corruption in countries 

and most often, it is impossible to make cross-country comparisons.

Legal, written case studies could provide a good basis and some valuable information on 

corruption but though precise, they are limited in usefulness due to the selectivity arising from 

their political motives. Since the orientation of these studies are to prove the guilt of the offender, 

the nature of data collected is different.
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The Santhanam Committee Report (Govemment of India, 1964a) reported that the number of 

complaint and vigilance cases registered against officers had increased dramatically between 1957 

and 1962; though it must be recalled that not all cases relate to bribery and corruption. The report 

also maintained that import licences were sold for 100 to 500 times their face value; construction 

contracts typically included corrupt pay-offs ranging between 7 to 11% and in some cases even 

20%; there existed high levels of income tax evasion and smuggling; and overall the inducements 

to accept bribes was pervasive. Monteiro (1978) talks of the "peddlers of influence ...willing to 

fix up" anything for a standard rate.

Dwivedi (1967) reports the results of a questionnaire conducted by the Indian Institute of Public 

Opinion on 1999 respondents. The widespread opinion was that the administration was corrupt and 

an effective and responsive hearing bore a "direct relationship to the number of currency notes 

given" (Dwivedi, 1967); this belief being aired by a greater number of educated respondents as 

compared to the uneducated ones.

Based on conservative assumptions, Krueger (1974) develops cmde estimates for the value of rents 

of all sorts in 1964 in India and Turkey. Excluding investment licences, due to lack of data, and 

other small licences, the total value of rents stood at 7.3% of the Indian national income, with 

import licences accounting for 70% of the total rents. For Turkey, the rents from import licences 

alone stood at 15% of GNP.

Eker (1981) uses police statistics to derive a rising trend in the number of bribery cases in Nigeria. 

The failing of the statistical base is obvious: it represents only the reported crimes and not the 

number actually committed.

Detailed studies have been conducted by Wade (1985, 1984, 1982) on canal irrigation in South 

India. Relating theory to practical situations in India, he describes how the administration along 

with the politicians organise extensive corruption, despite frequent transfers. The transfer 

mechanism possibly allows the superiors to extract greater gains. He shows how corrupt income 

is capitalised and superiors share the gains of the juniors through the sale of posts. Transaction 

costs are reduced to a minimum, as each post has a regular, fixed price. Further, Wade (1985, 

1982) conclusively proves that the search for the maximum bribe decreases the efficiency of 

operations of the bureaucracy.
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One of the most ‘empirically’ oriented studies is that conducted by Goel and Rich (1989). They 

attempt to analyze the influence of factors such as the probability of conviction; the severity of 

punishment; the govemment salary relative to the private sector income; the demonstration effect; 

and the unemployment rate, on the propensity to accept bribes. They consider the case of only 

govemment officers accepting bribes; but at various levels in the administration, ie.the local, state 

of federal levels. The data is restricted to the number of officials apprehended for taking bribes; 

with little information on the actual extent of the problem. Using Becker’s (1968) model, the 

authors believe that people enter into corrupt transactions based on a rational analysis of the costs 

and benefits involved with the act. In this case the costs include the expected value of punishment 

which is determined by the probability of arrest; the probability of conviction, given arrest; and 

the severity of punishment. Goel and Rich (1989) also include the marginal cost of foregone 

employment as a cost to the official. The value of the anticipated receipts from bribe taking 

activities constitute the benefits; this estimate varies between persons and lines/ departments. 

Typically, larger bribes are associated with higher discount rates. The results follow from the 

specification of the function: a higher probability of arrest and a more severe punishment tend to 

deter bribe taking; while low relative eamings of the public sector, high unemployment and the 

demonstration effect, affect bribe taking behaviour positively.

The models point to a set of conclusions: the level of cormption is a function of the amount of 

resources devoted to surveillance and law enforcement as well as the market stmcture prevailing 

in the economy. Suggestions for reducing cormption lie in changing the demand pattern of the 

govemment, ie.when what it demands is also sold in the private market, the scope for cormption 

is reduced; when goods are ordered specifically for govemment use, the order should be precise, 

ie.no vagueness; and govemment production of goods could be considered (Rose-Ackerman, 

1975).

3.5 Punishment and deterrence

Becker’s (1968) study, and in fact most of the studies emerging therefrom, are based on an explicit 

assumption that penalties have a deterring influence on crime; the specification of the functional 

form being such that the assumption is validated. Deterrence basically implies that either the 

probability of being caught (p) or the fine imposed (f) is significant enough to affect the decision 

to commit a crime. Generally it is expected that the probability of being caught has a greater
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influence on behaviour as compared to the fine imposed.

Most of the empirical studies carried out have been to test the effectiveness of the death penalty 

on murder rates, ie.the effectiveness of capital punishment. This makes much of the analysis differ 

from the norm and the deviations, with respect to the application of the law more severe. The 

imposition of a law makes an action that imposes unimbursed costs on the others a crime‘s®. In 

cases where efficiency dictates that expensive preventive measures be undertaken by both the 

polluter as well as the pollution recipient, liability rules will affect the result of the bargaining 

process. Further, the structure of property rights assignment can influence both the behaviour as 

well as the bargaining outcome, with imperfect information (Jung, et al, 1995).

Becker’s (1980) position is that fines are more efficient as they can be viewed merely as a transfer 

payment, equating the social cost to zero. This is based on his 1968 article where he assumed 

criminals to have a convex utility function, ie.are risk preferrers, and are more responsive to the 

probability of detection than to the level of punishment*^’. Becker, implicitly equates the optimum 

level of the fine to the harm inflicted on the victim plus the social costs involved in the 

apprehension of the individual. Stem (1978) counters Becker’s hypothesis on the basis of a comer 

solution example that if the govemment announced an infinite fine, with a non-zero probability 

of apprehension, offenses would nevertheless be committed. Based on a set of arguments. Stem 

(1978) argues that the Beckerian model has no solution; with the first order conditions of the 

model providing no optimum. Thus the conclusions drawn by Becker, on the basis of the first 

order conditions, are invalid.

As postulated by Stigler (1970), marginal costs are necessary to marginal deterrence, suggesting 

that the reason why enforcement is not complete is because it is costly. He disagrees with the 

conclusion that infinite increases in punishment would increase deterrence. Stigler (1970) feels that 

Becker’s estimate of the amount of punishment is an upper limit, as it introduces the social gain 

to the offender. Stem (1978) counters Stigler’s (1970) claim that the introduction of the social 

value of offenses yields a feasible model. Stem is of the opinion that the marginal social benefits 

from the capture of an offender plus the marginal social benefits of punishment, could give rise

This is particularly true for environmental legislation.

If Arrow’s (1970) hypothesis of decreasing absolute risk aversion is adopted, the rich would be more likely 
to commit an offence as compared to the poor.
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to an optimum with a finite fine and a positive level of offenses^®. Stem further asserts that the 

utility maximising model does not provide a framework for the bulk of offenses which are petty 

crimes. He feels that while the damages from offenses and the costs of apprehension and 

punishment are important determinants of the effectiveness of deterrence, they are not all the 

possible variables. Extending this analysis to the theory of externalities, Stem (1978) feels that the 

theory still holds, and is more real in terms of expressing enforcement costs. However, the 

introduction of enforcement costs no longer allows for the possibility of lump sum taxes^'.

Becker’s model assumes that fines will be paid up to the point where the marginal cost of the fine 

is just equal to the (expected) marginal cost of arrest and conviction. However, this gives rise to 

a criminal justice system favouring the rich (who are able to pay the fines) (Rubin, 1980), as 

Becker maintained that the imposition of the fine should be independent of the circumstances, 

especially financial, of the offender. With the assumption of decreasing social marginal utility of 

income, the poor should face a lower fine. Stem (1978) argues for this on the basis that the 

premium on the incremental income to govemment would be lower from the poorer group; the 

net damage would be valued at a lower level by the poorer group; and the propensity to indulge 

in risky activity is lower for the poorer group. Further, when the rich are at fault, imprisonment 

might prove to be a more effective deterrent as compared to a fine, due to the associated loss of 

prestige. Stem’s (1978) conclusion is that the current cost-benefit approach does not provide a 

reasonable framework to judge what the optimal level of punishment should be - the real world 

setting bearing little or no relationship to the theoretical. Punishments selected are a curious mix 

of notions of deterrence and cost-benefit approaches, retribution, rehabilitation, etc. (Stem, 1978). 

Retribution is thus essential to explain the current punishment levels, economic theory providing 

an insufficient explanation.

When firms are able to inflict damages that are greater than their ability to compensate, eg. the 

disposal of hazardous wastes, a limited liability clause might lead to undesirable consequences 

(Posey, 1993). Environmental law is traditionally based on strict liability or intemalising social 

costs. However, with limited liability, firms are no longer forced to bear the entire consequence 

of their actions. Posey (1993) feels that while this could result in a reduced incentive to firms to

This argument is based on the assumption that the benefits from punishment would be an increase in tax 
revenue, so the trade-off stands at increasing tax revenue and discouraging offenses.

Under this assumption, the govemment can manipulate the distribution of income costlessly and without 
problems with incentives.
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keep the probability of an accident low, it could also result in an overinvestment in preventive care 

or operations on a scale smaller than what is economically viable. However, she does not mention 

which of the effects would be larger.

3.6 Estimating the corruption equation

In order to estimate the situation in which the firms are likely to be corrupt, we use Shleifer and 

Vishny’s (1993) extension of Becker’s work. They state that the firms estimate the benefits of 

corruption from the following relationship, ie.the expected value equals (the probability of arrest 

(p'̂ ) * the probability of conviction, given arrest (p /) * the severity of punishment (F)). Hence as 

a first step, we attempt to estimate the associated probabilities of the equation.

3.6.1 Estimating the penalty function

In the subsequent sub-section we attempt to estimate the penalty function of the firm.

3.6.1.1 The probability of being detected as non-compliant. once audited

Using published data (CPCB, 1995b), we estimate the probability of being found to be non- 

compliant (in the absence of corruption). This has been determined for industry-wise compliance.
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Table 3.6.1: Probability of being detected, once audited: industry-wise

Category No.

(1)

closed

(2)

complying

(3)

prob. o f being 
detected as 
non-compliant 
(4)=(3)/(2-l)

Aluminium smelter 7 1 4 0.67

Caustic Soda 25 0 23 0.92

Cement (above 200tpd) 116 3 96 0.85

Copper Smelter 2 0 0 0.00

Distillery 177 18 101 0.64

Dyes & dye intermediate 64 5 51 0.86

Fertiliser 110 8 94 0.92

I & S (integrated) 8 0 2 0.25

Leather 70 7 41 0.65

Oil Refinery 12 0 9 0.75

Pesticide 71 7 62 0.97

Petrochemical 49 0 49 1.00

Drugs and Pharmaceutical 252 24 215 0.94

Pulp & Paper (above 30 tpd) 96 15 59 0.73

Sugar 391 17 256 0.68

Thermal Power Plant 97 2 60 0.63

Zinc Smelter 4 0 3 0.75

Total 1551 107 1125 0.78

The probability of being detected, given an audit, is provided in the last columns of the tables. We 

use the probability for the pulp and paper units greater than 30 tpd capacity, ie.0.73. Varying 

effectiveness over states can be found in Appendix VII^ .̂

3.6.1.2 Probabilitv of being prosecuted, given the firms are non-compliant 

Given that the firm is audited, ie.the probability of being caught, the probability of the firm being 

convicted is estimated from data provided by the CPCB. Based on CPCB data reported in Mehta, 

Mundle and Sankar (1993), the probability of being prosecuted for non-compliance and being

This are be correlated with interstate investments to see if differences in the severity of enforcement affects 
interstate investment pattems (see chapter 5 for details).
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punished’ ,̂ under the Water Act, is estimated as 0.24, while under the Air Act the same figure 

stands at 0.71’'*. In terms of the above equation this is the probability of conviction given arrest. 

We assume that these probabilities apply equally for all industries.

3.6.1.3 The expected penalties for non compliance

Violation of the norms set out by the pollution control authority leads to an imposition of a fine 

under the various laws promulgated by the government. This refers to the severity of punishment 

in the above equation. These are detailed in Appendix IV. The degree of severity varies between 

6 months imprisonment and/or Rs. 1,000 fine for "minor" offenses of nonpayment of water cess 

to imprisonment from one and a half to five years and/or a fine of Rs. 100,000 in case of failure 

to comply with the provisions in the Environment (Protection) Act 1986 or Public Liability Act, 

1991. An additional fine of Rs.5,000 per day for continued non-compliance can be imposed.

3.6.1.4 Estimating the penaltv function

The expected penalty can be estimated from the equation. This provides a lower bound for the 

bribe. This yields, from the data above, 0.73 * 0.24 or 0.1752 for the Water Act and 0.73 * 0.71 

or 0.5183 for the Air Act. This is the probability of being fined, when found non-compliant. The 

expected fine will be some function of that stated in the laws, ie.upto 5 years imprisonment with 

a fine of Rs.l00,0(X), and a daily fine of Rs.5,(XX) for continued non-compliance.

If the maximum upper limit of Rs. 100,000 of the fine is assumed plus the daily fine of Rs.5,000 

for a month, the monetary equivalent is (Rs. 100,000+5,000*30) or Rs.250,000 is derived. Thus, 

the expected value of the fine for the paper industry is between Rs.43,800 and Rs.129,575 under 

the Water and Air Acts, respectively. This represents the lower bound of the corrupt offer.

3.6.2 Cost of pollution abatement

Here we attempt to estimate the costs of pollution abatement. These include investments in 

pollution control equipment and the associated tax savings or income from the resale of "wastes".
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This could include imprisonment, fines or restraining orders.

The break-up between the three categories under both the Acts vary considerably: In 1992, there were 109 
imprisonments orders, 72 orders for fines and 173 restrain orders under the Water Act alone and 153 
imprisonments orders, 138 orders for fines and 2 restrain orders under the Air Act for the same year. These 
figure have been used to estimate the probabilities, along with the total number of cases in that year.
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3.6.2.1 The estimated investment in pollution control

From the survey (section 5.4), it was seen that the costs of pollution abatement for the paper 

industry were less than 2% of the annualized operating costs for air, water and solid waste 

disposal. The total costs of compliance was rated at less than 5% of the operating costs, with an 

expected increase between 1-4%. Investment in pollution control, as proportion of total capital 

costs, for most stood between 5-10%.

From the literature, we have varying estimates of the capital costs associated with the paper 

industry. These are Elmore’s (1993) estimates of the capital investments required in the paper 

industry of $500,000-$600,000^v tpd installed capacity. Sell (1981) also provides an estimate of 

$4.6 million for a 1000 tpd unit.

Hartman, Wheeler and Singh (1994) provide a scale for air pollution abatement of individual 

pollutants. However, the problem is that abatement is often a joint function, since the pollutants 

are joint products. Hence, an addition of their costs leads to an overestimation. Mehta, Mundell 

and Sankar (1993) provide estimates of the capital costs under water pollution, ie.Rs.l75 is the 

annualized capital cost per kilo litre discharge flow (KLDF). Operating costs were Rs.0.82 per kilo 

litre effluent flow.

If we consider the case that most firms would have to invest in new pollution control technology, 

Elmore’s (1993) estimates are the most representative. Using the lower bound of his estimates, 

ie.$500,000 per tpd installed capacity, we arrive at an estimate for 10% of capital costs as 

Rs.60,000,000 for a 40 tpd plant. We have no idea of the annualized operating costs, though.

3.6.2.2 Fiscal incentives for pollution control

The government additionally offers some incentives for investments in pollution control 

equipment. These are computed at the time of investment. Since detailed cash flows for the 

surveyed firms are not available we exclude the impact of these incentives from our analysis. 

Nevertheless, it must be borne in mind that the investment in pollution control equipment would 

be reduced by the corresponding amount.

The economic incentives offered by the government are not an attempt to introduce more market 

based incentives in a command and control setup, but rather are supplementary to the command

We assume a conversion rate of Rs.30 to a USD.
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and control measures. The incentives offered cover accelerated (100%) depreciation in the first 

year of instalment of stipulated pollution control equipment; 40% concessional rate of customs 

duty on the import of pollution control equipment; and exception of excise duty in excess of 5% 

ad val. Further, financial assistance for the setting up of Common Effluent Treatment Plants 

(CETP’s) for industries established prior to 1990 or for clean technology in small scale industries 

is also available.

Industries that consume high levels of water and therefore caused high levels of water pollution, 

are subject to a water cess; rebateable up to 25% if corresponding water treatment plant is set up. 

However, the rates of the cess are so low that additional compliance is seldom enforced by such 

a measure.

3.6.3 Estimating the range of the bribe

Putting the individual estimates together, we now attempt to estimate the range of the bribe.

Low compliance among the business units could imply that either (i) the penalty is low, (ii) 

enforcement is low; or (iii) bribery exists and so units feel that they can get away with being non- 

compliant. Looking at the penalty, the charge in itself is not very high; however, the daily fine can 

be substantial, when applied. If the daily charge is also enforced, low penalty does not appear to 

be the cause for non-compliance. This leaves the low expected probability of being caught, the low 

expectation of being convicted and the possibility of bribing the persons involved could be 

reasons.

For the firms to be willing to bribe, the following relationship must hold

* Pd  . . . [ 4 . 1 ]

or in other words, the expected punishment from bribing must be seen to be smaller that the value 

of the bribe which in turn is smaller than the costs of pollution abatement. The trade-off between 

the bribe and the expected penalty when caught and p‘**p/*F) on the one hand and the bribe 

and the costs of compliance (c"R^ must be clearly that the cost of compliance are greater than that 

of the bribe demanded/offered. Hence if the probability of being detected for non-compliance is 

low as well as the associated costs, ie.the fine, and the costs of pollution control substantial, firms 

would prefer to bribe rather than invest in pollution control.
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Putting all the information together, we derive for a 40 tpd plant

4 3 ,  8 0 0  <  < ( 6 0 , 0 0 0 ,  000  + 2% operatingcosts) [ 4 . 2 ]

for water pollution and for air pollution this stands at

129,515 <B^^<  ( 6 0 , 0 0 0 , 0 0 0  + 2% operatingcosts) [ 4 . 3 ]

Given the above, it does appear that even with excluding the operating costs the expected range 

of the bribe is rather high, even with the heaviest penalties being assumed in the case of non- 

compliance. Hence, it is not incorrect to assume that corruption will undermine the enforcing 

process. It must be borne in mind that the range estimated reveals a huge variation; is a rough one 

only indicating the possibility of corruption is fairly strong. Since we have no idea of the bribe 

for a licence, we cannot use this as an example. Further, the data used is also subject to 

identification problems and measurement errors (discussed above). However, to the extent that 

enforcing activities constitute a part of environmental planning, corruption can undermine the 

planning process as well.

3.7 Policy implications

The policy issue for this thesis is whether corruption influences the location of industry away from 

a welfare maximising ideal. While it is apparent that no country is free of corruption, the question 

is how pervasive is the problem and does it retard or constrain economic growth^®? Therein lies 

the difference between (most) industrialised countries and their developing country counterparts. 

In most of the industrialised countries, corruption does not (at least does not appear to) affect the 

common person in his/her everyday activities; such a generalisation being hard to extend to most 

of the developing countries. Furthermore, the entire discussion is clouded by the fact that there 

exists little consensus on what constitutes a valid definition of corruption - not only the act but

Mauro (1995) proves a definite deterioration in investment and consequently growth rates as a result of 
corruption. He estimates that an increase in bureaucratic efficiency has a beneficial effect on investment and 
therefore growth rates. Alam (1990) finds that corruption results in bureaucracy stretching its reaction time 
in order to maximise the bribe offered. Lui (1996) argues that corruption might leads to distorted investments 
moving resources from socially productive human capital to unproductive activities. This argument follows 
that of Shleifer and Vishny (1993) who maintain that corruption stimulates unproductive activities, ie.more 
defence and less educational expenditures, since the pay-offs to defence deals are substantially higher. On the 
other hand, Leff (1978) and Nye (1978) both feel it might improve the distribution o f resoucres, correcting 
for incorrect policies. Rashid (1981) proves this for a telephone operator in India.
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the actors involved as well. Most of the literature focuses on the demand for a bribe but seldom 

discusses the case of a corrupt offer being made. If both are deemed to be corrupt, then policy 

must address both the issues. While the "moralists" condemn corruption outright and the 

"revisionists" feel that it helps overcome cumbersome procedures and increase access of the non

favoured sections, there exists a third point of view that corruption and its consequences depend 

on the characteristics of the political system, the balance of economic and political opportunities, 

levels of economic development, national integration and government capacity (Johnston, 1986). 

Thus corruption as well as the attitudes towards it are conditioned by time and place and 

determined by history and culture^’. Neither is public opinion monolithic nor unambiguous nor 

invariant over time. The number of beneficiaries, too, play a role in defining a corrupt act, eg.a 

politician seeking to enhance his/her chance of re-election, may divert investment to his/her 

constituency, thereby creating employment in the district. Since the benefits extend to the entire 

district, the act is hardly viewed as a corrupt one; however, if the same benefits were reaped by 

associates of the politician, the act is deemed as corrupt. And, finally, culture too plays a role in 

determining what is corrupt. In some societies extended families exist and filial obligations extend 

to ensuring that the family is settled (patrimonial dominance). However, fulfilling the same 

"obligation" in an "arms-length" society (Tanzi, 1995) is seen as a corrupt act. Theobald (1990) 

feels that the transition from a patrimonial dominance system to a rational bureaucracy provides 

a panacea for corruption^*.

Thus it can be seen that any policy to counter corrupt tendencies is limited by the policy makers’ 

perceptions of the problem, at times by his/her relative gain from the policy^^, and needs to be 

tuned to fit the public/ social backgrounds within which they are instituted. Policy measures can 

be suggested once the level at which the analysis will take place is decided. The most common 

policies are the micro level ones; these, however, need to be supplemented by action at the macro 

level in order to affect a permanent shift away from corruption.

For variations in perceptions o f corruption and the rating of corrupt activities over countries see Peters and 
Welch (1978) and Jackson, et al.(1994).

He suggests that this can be achieved by (i) monetisation o f the economy; (ii) a drive for an efficient 
government; (iii) a bourgeois revolution; (iv) a growth of democracy; (v) the rise of a mass culture; and (vi) 
overcoming psychological barriers. These appear to be rather simplistic solutions for a problem as complex 
as corruption and, more importantly, most developing countries could lay claim to all these factors 
concomitant with high levels of corruption. Hence the relevance of such a measure appears limited.

This is a common perception in studies on corruption, ie.that the policy makers themselves are corrupt and 
pass legislations that support/ perpetuate their relative shares in the economy (Kurer, 1993). Hence any attempt 
to institute reforms are simply new legislations for corrupt gains.
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3.7.1 Micro level possibilities of reform

The micro level action plans attempt to deal with the administrative procedure or personal policies 

of governments to counter corruption (Johnston, 1993). Here transactions can be further divided 

into the supply of and demand for bribes; with the supply side being dealt with first. When 

considering the corrupt offer (supply of bribes), two separate cases of (i) offering a bribe in order 

to secure a contract, and (ii) bribing in order not to comply with legislation are analyzed.

3.7.1.1 The supplv of bribes

In order to do away with corruption related with securing assets held by government, the possible 

options could lie in

(i) increasing the transparency of the transactions. This is done by insisting that 

transactions are carried out in the open, are more transparent. Oldenberg (1987) indicates 

through a case study of the land consolidation process in India that when transparency is 

ensured and strong and immediate countervailing action (Alam, 1994) can be taken, the 

chances of corruption are low/ limited. At the international level. Transparency 

International (see Eigen, 1995) has set up an organised front to combat corruption, with 

participants signing a contract not to offer bribes.

(ii) increasing the incomes of the officials involved. This increase could be to the extent 

that the officials receive wages equivalent to their private sector counterparts or their 

efficiency wage (Becker and Stigler, 1974). Such a policy then increases the risks 

associated with a loss in income when detected for corruption and is hoped that this 

decreases the incentive for cormption. However, this very fact could turn into a 

perpetuator of corruption if inadequately backed up with an increased probability of 

detection. The very fact that the risks of accepting a bribe increases could result in a 

higher price for the activity.

(iii) decreasing the scope/ range over which the officials have jurisdiction. It is often 

claimed that in developing countries, the size of the administrative district under a single 

officer is too large for adequate control to be maintained. Hence, a remedy would be to 

decrease the size of the jurisdictions. This could, however, increase the opportunities for 

corruption since it leads to an increase in bureaucracy and the new officers could be 

corrupt.

Turning now to the case where people offer bribes in order not to comply with legislation, as 

indicated in the above section (3.6), the options to reduce corruption lie in
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(i) increasing the probability of detection. Increased monitoring could come from within 

or from outside, other departments, or a separate new department set up to monitor 

corruption. One essential factor to increased detection is the honesty of the policing 

officers. If they themselves are corrupt, then an increase in the force strength only leads 

to increased levels of corruption as the market is now deeper and corrupt transactions 

easier to establish. Further, the willingness of people within departments to report their 

colleagues corrupt transactions too becomes important.

(ii) increasing the probability of being fined/ punished, when caught. Not only is it 

important to increase the probability of being caught, but the concomitant punishment 

must be assured. Non-reporting and non-action on a report is tantamount to collusion with 

the deed and is ineffective in controlling corruption. If it is known that even when caught 

no disciplinary action will be taken, it serves as an encouragement to corrupt people to 

continue their level of activities unabated. Simultaneously, it acts as a deterrent to people 

who aid in detection, as they see their uncovering activities as futile.

(iii) increasing the level of the fine. Often officers found to be accepting bribes are treated 

with a simple penalty of being transferred. Penalties such as a loss of seniority and/or pay 

are more severe and affect future earning capacities of the individual involved. While this 

is a penalty, the individual might, in retaliation, attempt to convert all transactions into 

corrupt ones, thereby perpetrating the problem. Hence in increasing the level of the fine, 

care has to be taken how it is administered and the impact of the fine.

(iv) decreasing the costs of compliance with the regulation. Another option is to decrease 

the costs associated with compliance. This option then decreases the "gap" between the 

costs of the bribe and the costs of compliance and hence could serve as a method by 

which the incentive to bribe is reduced. This can be interpreted in two ways - one is that 

it hints at greater liberalisation and the second at greater subsidies for investment in 

pollution control equipment. The first interpretation follows the market principle that if 

a good is readily available throughout the market, ie.no supply restrictions, then the 

chances for a corrupt transaction are lowered. This implies a decrease in the levels of 

government control in the economy. The second option follows the logic built up in 

section 3.6. Given the large difference between the costs of bribing and the costs of 

investment in pollution control, business finds it economic to bribe rather than to invest 

in pollution control*®. A method to decrease this "gap" lies in granting subsidies and

80 As mentioned earlier, these estimates are limited by measurement errors and identification problems 
(mentioned in the section 3.3 above). Nevertheless, the estimate is held as a rule o f thumb indicator whether 
firms would be more tempted to bribe or to invest in pollution control equipment.
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other investment benefits to firms to invest in pollution control. Such a policy implies a 

greater intervention by the government, creating a system of rights to be administered by 

the government, thereby furthering opportunities for corruption.

3.7.1.2 The demand for bribes

Turning to the case where people demand a compensation/ bribe for the fulfilment of their job 

related duties or for information or rights over which they have control. Policy suggestion for such 

situations appear more difficult since some involve moral judgements and statements of morality, 

ie.what persuades someone to demand a bribe, what constitutes a ‘good standard of living’, and 

so on.

(i) increasing the salary of the individual. As discussed above this could increase the 

relative wage of the individual, making it more comparable with either the efficiency wage 

or with public sector salaries. While this increases the loss associated with being caught 

for corruption, it can also serve to increase the risk of the corrupt deal, leading to a 

demand for a higher bribe.

(ii) increasing the probability of detection/ increased policing. These are required if corrupt 

dealings are to be viewed as high risk operations. However, mere detection will not serve 

the end (of reduced corruption) unless the individuals caught are (a) publicly disclosed, 

and (b) fined severely, including strict imprisonment sentences. As discussed above, the 

honesty of the policing force is vital for the success of such a measure.

(iii) reducing false peer solidarity (Benson and Baden, 1985). Peer solidarity often 

preempts people of a department from "telling on" their peers; other reason being the 

impact on the reputation of the department. However, this needs to be corrected such that 

reporting of corrupt transactions is not seen to be the equal of "squealing". Further, such 

whistleblowers (Glazer and Glazer, 1989) might need support and, at times, protection.

(iv) increasing the probability of conviction, given detection. Given all the factors that 

help increasing the probability of detection, unless the associated penalty is also increased, 

the risk of the corrupt operation is relatively low. The adverse effects of low levels of 

punishment on the morale of the policing officers has been discussed above.

(v) increasing costs associated with defaulting behaviour. Not only do the people caught 

for corruption need to face a moral penalty but they must also pay a monetary fine. This 

monetary penalty could be in terms of a single fine or a reduction in the levels of salaries 

earned by the defaulting member (this is often achieved by the demotion to a lower rank). 

Other fines and even imprisonment are methods to increase the penalties associated with
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such activities. However, care needs to be taken when adopting such a policy as this could 

also serve to increase the corrupt demands made by the individuals.

(vi) thinning out the market. Corruption is a cumulative process. As an increasing number 

of people engage in it, it gains greater social acceptability, which then decreases the 

trepidation of engaging in such activities in the future. Further, the larger the number of 

corrupt people, the lower the chances of peer detection and reporting. Also the deeper the 

market, the greater the ease of establishing ‘contact’ with the other party. Hence an 

attempt to thin the market is important. This can be achieved through an anti-cormption 

drive by which some corrupt circles are discovered, revealed and the penalties involved 

are high accompanied with a possibility of imprisonment as well. This increases the 

sensationalism of the disclosure; increasing the moral and monetary costs associated with 

corruption. A further method is to provide support and comprehensive protection to 

whistleblowers (Glazer and Glazer, 1989). However, these measures, too, can backfire if 

(a) not followed through with consistent vigour; and (b) not supported by macro level 

changes as well. In order to achieve this, a long term commitment of funds is essential, 

as is political support.

(vii) regular transfers of the job. Since corrupt contacts take a while to be established, 

regular transfer, every two to three years, of the people in a position to "sell" information 

could serve to stem the tide. However, a reputation of indulging in corrupt transactions 

could serve to reduce the effectiveness of such a measure as can a politicising of 

bureaucratic transfers. In case where political support extends for the sale of "posts", 

transfers only increase the amount of corrupt income as candidates compete for positions 

and revenues are maximised (see Wade, 1985).

(viii) liberalise the market. Since corruption emerges due to the legal right conferred on 

bureaucracy to enforce the law, a method to decrease the extent of corruption could lie in 

limiting the extent of the bureaucracy. Further, bureaucratic controls generally emerge 

during phases of shortage, liberalising the economy implies such shortages can be 

overcome by the international movement of goods and hence restricts the possibilities of 

a corrupt transaction. While prima facie the case for liberalisation appears valid. White 

(1996), Lui (1995), Chueng (1995) and others see the liberalisation process itself creates 

possibilities for rent-seeking and often ends up in a situation where corruption gets 

privatised. Further, there is little consensus among the authors whether a rapid 

liberalisation or a gradual change gives rise to less possibilities of corruption.
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What is easy to see is that the policies themselves contradict each other. Increasing the probability 

of detection; or increasing the probability of conviction given detection; or increasing the level of 

the fines; or increasing the level of subsidies granted to the firm; etc., all result in increasing levels 

of government intervention. On the other hand, increased liberalisation of the market decreases the 

levels of government intervention. And as elucidated above an increase in the level of intervention 

creates opportunities for rents and hence to increased levels of corruption. However, as has been 

discussed with every policy, each has its negative effects and its adoption needs to be carefully 

planned.

The above cases and remedies hold for cases of low to middle levels of bureaucratic corruption. 

However, the problem in several countries emerges from the fact that political corruption exists. 

In this case, corruption gets institutionalised and any measures to counteract bureaucratic 

corruption are subverted by the politicians. Posts are "sold" as are other rights (granted by laws). 

The typical measures outlined above assume higher level coordination of the regulations/ 

legislations passed to counteract corruption. In the case of political corruption this might not occur 

or if new rules are passed, they are such that they further the cormpt earning capacity of the 

officials involved. Often methods to try and counter such corruption lie in raising public 

consciousness and in building a base for strong countervailing action (Alam, 1994)®'. It can also 

be expected that political corruption soon turns into a centralised kleptocracy. Reforms for such 

corruption then lie in macro solutions.

3.7.2 Macro level possibilities of reform

The macro possibilities consider more the process of démocratisation and the fostering of balanced 

relationships between public and private interests, between state and civil society (Johnston, 1993). 

What can determine and cause corruption at the macro level can best be phrased in terms of access 

(Schaffer, 1986) and clientelism (Kurer, 1993) in bureaucracy. Access determines who gets what 

and in which ways, and this is, in turn, determined by the relations between individuals and the 

administrative allocation system. This then also distorts regional perceptions of what constitutes 

a corrupt transaction. On the other hand, the clientelist set-up assures that the polity elect a person 

who returns their support with economic favours (Kurer, 1993); building on the theory of influence

It is seen that where alternate sources of supply exist, where a large number o f people can be affected and 
have the capability o f taking strong and immediate countervailing action, the scope for corruption is limited. 
However, this countervailing action can be harnessed by politicians for their own ends, creating a strong 
support base for any of their actions and simultaneously destroying the possible corrective force against 
themselves.
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group pressures (Bardhan, 1984) on the determination of policy with the result being a 

compromise in terms of their relative bargaining strengths. Methods to combat corruption at this 

level lie in changing the perceptions of a bureaucratic job, ie.incomes do not include corrupt gains, 

the use of bureaucratic power to fulfil filial obligations is a punishable offence as is the use of the 

office for personal gains, etc; paving a way for strong countervailing action against such actions; 

increasing awareness about and against corruption; insisting on transparency in transactions; and 

in instituting an anti-corruption drive which also involves the establishment of an anti-corruption 

agency.

3.7.2.1 Anti-corruption drives

The simple passing of laws is insufficient to combat corruption - these need to be accompanied 

by measures to maximise accountability and transparency. Additionally, this needs to be 

accompanied by measures that turn corruption from a "low-risk, high-profit" activity to a "low- 

profit, high-risk" activity. This requires not only a legal framework within which these propositions 

are to be instituted, but also a range of administrative measures which support the overall process 

(Eigen, 1996). Limiting the opportunities for corruption, increasing monitoring from independent 

agencies and reducing the benefits to both parties of the corrupt transaction through increased 

severity of the penalties, all aid in curbing corruption. Thus, prevention is the prime aim of anti

corruption drives, with effective prosecution and strong punishment playing supportive roles.

There exist certain questions that need to be considered prior to the undertaking of an anti

corruption campaign. These determine the type of campaign that needs to be instituted and issues 

to be tackled therein. These considerations are: is corruption political or administrative? Is there 

a symbolic relation between the two types of corruption? Is political corruption due to the need 

for enhanced income ("greater spoils") or is it potentially unnecessary rent-seeking? Has corruption 

emerged due to the absence or the non-enforcement of laws? What are the redistributive effects 

of corruption*^? Which are the groups that favour corruption and which oppose it and what are 

the relative political strengths of the two groups? And, if corruption is political, the level of 

collusion between the politicians becomes important, as higher levels of collusion result in a 

demand for a higher bribe.........................................................................................................................

This is common question as the ‘revisionalists’ claim that corruption can have some positive redistribution 
effects; the ‘moralists’ on the other hand reject corruption outright as being wrong. However, in certain very 
case sensitive circumstances the revisionalist theory can hold. Normally, there is reason to believe that 
corruption actually distorts investment and distribution patterns.
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An anti-corruption programme should, therefore, include the establishment of an independent 

agency whose aim is to enforce the anti-cormption legislation of the country. The agency could 

be a separate semi-autonomous department set up with independent funding. A fundamental 

problem in establishing such a department is where should the manpower for such an undertaking 

be drawn from? Should new blood be introduced? Should it come from new recmits to the 

service? Or should existing officers from all departments be drawn to the central pool? Each 

option has its merits and drawbacks. If new blood is introduced where should it be drawn from? 

How should their ‘honesty’ be ‘tested’? Would the new recmits be too oriented towards policing? 

And most importantly, how would they come in to the system as outsiders? The second option to 

draw new incoming recmits faces some similar problems to those for totally new recmits but is 

compounded by problems of how they are to report on the misdemeanours of their seniors. Since 

most bureaucracies have rigid codes for behaviour within the hierarchy, such a measure might 

prove to be misdirected. The last suggestion to draw officers with a reputation for honest dealings 

from all departments might prove to be the best. For one they have some experience, come from 

within the set-up, and are known to be honest. These are valuable assets. On the other hand, such 

a move could deplete the existing agencies of their honest officers, therefore creating greater levels 

of cormption in them, as peer control no longer exists. Further, such a move could generate 

resentment from other departments, especially if the anti-cormption wing is perceived as an elite 

body.

The agency should also play a role in capacity building, ie.a more active role at the beginning of 

the legislative and regulatory process. For success, the agency needs to be granted with extensive 

investigative powers, a high public profile such that cases are highlighted in the press, honest staff 

and government support. The various legislations that underpin such an agency makes it overly 

dependent on the judicial system for results and on the tolerance of the political leadership for 

continued independence. These underpinnings are also its weak point - if inadequately supported 

by either the legislative system or the political set-up or if the appointments to the agency are 

politically motivated, the system fails to achieve the desired goals.

The World Bank (1992) suggests the rationalisation, realignment and reduction of public sector 

organisations, staffing levels and activities to make the public sector in developing countries more 

responsive, effective and economic in order to achieve better governance. The report suggests this 

can be achieved through the following: allocation of resources by markets; involvement of end- 

users in implementing allocation of resources; fewer but better paid officials; reasonable and clear
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rules on conduct; more punishments for transgressions; better investment and budget programming; 

better personnel management; cost containment measures; moves toward privatisation and 

rationalisation; decentralisation; clarifying public enterprise-govemment relations; transparency of 

decision making; contract competition; removal of unnecessary regulations and controls; 

rationalisation of employment levels in state enterprises; and transfer of resources towards health 

and primary education. As can be seen most of the measures are aimed at reducing the level of 

intervention and influence of the public sector and government in business operations. What needs 

to be recalled is that many public sector organisations were set up because the private sector 

offered inadequate levels of or no service. Further, only if the private sector is adequately 

developed can it take advantage of liberalisation. In an economy where the private sector is 

inadequately developed, the liberalisation process may introduce greater distortions and more 

chances for corruption.

3,7.3 A SWOT approach to reform

The above details methods by which corruption can be combatted by a general set of policies. 

However, given that corruption varies over cases and situations, such generalisations might prove 

to be of limited use in dealing with the problem. What is suggested here that to actually tackle 

corruption an analysis of the situation is essential and thereafter various combinations of the micro 

and macro policies can be used, depending on the situation.

As indicated, a SWOT (strength, weakness, opportunity, threat) approach to the problem is 

recommended. Such an approach calls for the analysis of the structure (the department, bureau, 

federation) within which corruption is seen to be rampant. This ensures that account is made for 

the various levels and types of corruption that exist within the system and action to counter it is 

direct and therefore more effective. The typical analysis includes looking first at the strengths of 

the system, ie.are there honest officials? Is there a strict accounting system? Are there effective 

counter-checks within the system or do they need to be developed? An analysis of the weaknesses 

of the system gives an account of the points where corruption can arise; in a sense they are similar 

to the strengths. Is the accounting system too cumbersome? Can it be easily circumvented? Is there 

a lot of secrecy surrounding transactions? Are policing/ checks low? Are penalties too low? Are 

the "goods" supplied restricted or not available in the open market? When such factors arise, the 

system is more vulnerable to corruption (Klitgaard, 1984). From within the strengths lie the 

opportunities to counter corruption as well - the honest officers can be given greater authority to 

report on others; the accounting system can be strengthened such that reporting is honest; counter
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checks can be instituted. And finally the threats can be countered by effectively reducing the 

weakness in the system - this could be averted by strengthening the monitoring and administration; 

making transactions more open; allowing for competition in the supply of the same goods; 

increasing the level of policing and penalties. As can be seen the strengths indicate the 

opportunities for the system and the weaknesses point to the possible sources of threats.

It is clear that at any one point in time a system might not be subject to all the threats and 

weaknesses at the same time. It therefore appears sensible to analyze the system and to work on 

the strengths while simultaneously countering the weaknesses. At least, in this way, it would be 

possible know at which points corruption could possibly enter the system. One point that needs 

to raised here is that a SWOT solution assumes honesty at the higher levels, coupled with a desire 

to control corruption. In the absence of higher level or political support for anti-corruption drives, 

such a policy would not make a headway.

As has been indicated earlier, corruption can arise in any system; is a cumulative process, tending 

to foster greater levels if left unchecked; and once within a system is difficult to get rid off. As 

is true with the discussion of any public ‘bad’, the optimal solution will emerge with positive 

levels of corruption due to the high associated costs of control. However, a good system, 

streamlined to meet the demands of the individual system can help in reducing and controlling the 

level of corruption in the economy. This however needs political backing; and in cases where 

political corruption exists, support for such a measure may only serve to increase the value of the 

recipients bribe. In the case of political cormption it can only be hoped that any individual 

crasades will receive the appropriate encouragement, support and results; international companies 

can insist on greater transparency in their dealings with the government/ bureaucracy; and 

international aid can be directed towards the setting up of an independent anti-cormption agency 

within the recipient country. In analyzing cormption within a country, ie.bureaucratic cormption, 

it must be remembered that most developing countries were left an administrative system as part 

of their colonial legacy and a mismatch*^ of the two was a possibility. Further, in most 

developing nations, the bureaucracy has to deal with a large number of people implying the 

resources are spread very thinly over all activities. In such cases, given the high costs of

There exists some controversy as to whether this bureaucracy was a modem state apparatus placed on a feudal 
society or whether its principal aims were that o f extraction and not administration - these being cited as the 
cause of bureaucratic corruption in developing nations.
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enforcement, non-enforcement might actually turn out to be the rational choice®'*.

3.8 Chapter summary

The chapter summarises work on two related fields of corruption and crime and punishment. Most 

of the work in both the fields are based on Becker’s seminal (1968) article. While the literature 

on crime and punishment develops directly from the article, that of corruption is a derived 

argument focusing more on the penalty aspects of the model. The literature survey follows the 

developments from Becker’s article; the elaborations, extensions and modifications. The survey 

on corruption first lists the conditions under which corruption is assumed to arise, the form it may 

take and the levels at which it may occur. Next the various approaches to the problem are 

discussed, including the implicit assumptions in the approaches and their limitations. Both the 

areas have limited empirical support due to data deficiencies. Further there exists ambiguities in 

the definitions adopted. However, despite the obvious criticism and shortcomings associated with 

Becker’s (1968) work, his specification of the penalty function has been adopted in the model 

detailed in chapter 2. Further we use his (1980) argument for the adoption of fines as a penalty 

mechanism. This is done because it describes the penalty methods adopted by most governments, 

ie.fines for non-compliance with regulation.

Both low level (standards enforcement) and high level (issue of licences) corruption is assumed 

to exist. Corruption is assumed in the estimation of the penalty function (section 3.6). The function 

follows Becker’s specification and the data are derived from a number of sources; details of some 

are given in subsequent chapters. The estimation indicates a broad range over which firms are 

likely to bribe. This indicates that firms would prefer®  ̂ to bribe and get on with their production 

activity rather than investing in pollution control. A possible method of changing this is to increase 

the probability of being audited and/or the probability of being fined if non-compliant. The 

suggestion, however, assumes that the officers would be more honest, the higher the level of 

probability of audit. This need not be so as it depends on (i) the existing culture towards 

corruption®'  ̂ and (ii) income level parity. Policy measures to counteract corruption are neither

Of course, enforcement would be impossible if the enforcers are corrupt.

** This of course depends on the risk preference o f firms.

This can change as a consequence o f anti-corruption drives etc., as is currently occurring in India.
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straightforward nor unambiguous: their applicability to a situation depending on the underlying 

interaction between political, social and cultural factor. These have been discussed above. In the 

next chapter we leave these theoretical underpinnings and review the environmental situation as 

it actually exists in India.
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Chapter 4: Current state of the environment in India

4.0 Introduction

The Indian government has always laid great emphasis on industrial development (see Appendix 

II for a detailed review of the plans over the years). In the early years, the importance of core 

sector development was underscored in every plan. These developments in the economy had an 

impact on the environment. This chapter reviews the current state of the environment after almost 

half a century of industrial planning and more than a decade of environmental legislation. What 

is immediately apparent is the paucity /inadequacy of data for the entire country. At first a survey 

of the current state of the environment is undertaken followed by a review of environmental 

legislation. Details of individual legislation can be found in Appendix IV. Here the aim is to 

evaluate whether the failure to protect India’s environment is due to poor legislation, ineffective 

administration or inadequate human and institutional capacity to support administration. The 

implications for policy are discussed at the end of the chapter. Lastly, the costs of subsidies to the 

Indian economy are highlighted.

4.1 Water

In 1991, the annual demand for water was around 600 billion cubic metres (bcm), two-thirds of 

which was met by surface waters and the rest by ground water.

4.1.1 Rivers

The river systems of India can be classified into four groups (i) Himalayan rivers; (ii) Deccan 

rivers; (iii) coastal rivers; and (iv) rivers of inland drainage basin. The Himalayan rivers are 

perennial in nature, formed by the melting snows; while the Deccan rivers being rain^fed are non

perennial and fluctuate in volume. The coastal streams are short in length and have limited 

catchment areas. These rivers play an important role in the supply of water in the country, 

supplying as much as 14% of the resources while draining only three per cent of the land. The 

streams of the inland drainage basin exist mainly in Rajasthan and are limited in number. They
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drain into salt lakes or get lost in the sands (Central Water Commission (CWC), 1988). The 

maximum withdrawals, almost 93%, were for the agricultural sector (World Resources Institute 

(WRI), 1992)

Precipitation: The annual precipitation is estimated at about 4000 bcm (including snowfall). The 

seasonal rainfall is of the order of 3000 bcm and the average annual natural flow is estimated to 

be 1880 bcm (CWC, 1988).

Problems: During the summer, the rivers carry less water but are subject to greater withdrawals; 

often leading them to lose their natural cleansing capacity. With the discharge of industrial 

effluents and untreated domestic sullage, most rivers are currently unfit for human consumption. 

About 70% of the water sources are polluted by human and industrial wastes, most of which can 

be traced to the drainage of untreated human wastes into the natural drainage system. Of the 3119 

towns and cities in the country, only 209 have partial and only eight have full sewage treatment 

facilities (Chapekar, 1991). Although industrial wastes constitute only a quarter of the community 

wastes discharged into water bodies, their treatment is more complex. This stems primarily from 

the qualitative differences in pollution and the non-degradability of many of the effluents. Of the 

over 4000 water-polluting large industrial units, only about half have installed pollution control 

equipment.
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Table 4.1.1: Water quality of major rivers in India

River Desired level (most 
places)

Existing level (most 
places)

Critical parameters

Baitrani B below C BOD

Brahmani C below C BOD

Brahmaputra C na na

Cauvery C C -

Ganga B na na

Godavari B,C C, below C BOD

Beas A,C C, below C coliforms, DO

Ravi A,C C, below C coliforms

Sutlej A,C C, below C coliforms, BOD, DO

Krishna C C, below C BOD

Mahanadi C na na

Mahi A,C C, below C coliforms, BOD

Narmada A,B,C C, below C coliforms, BOD

Pennar C C BOD

Sabarmati A,E C, below C coliforms

Subamarekha C below C coliforms, BOD, DO

Tapi A,C C, below C coliforms, BOD

Yamuna B,C below C coliforms, BOD, DO
Source: CPCB, 1990-91, Annual Report

The classification described in the above table refers to the following:

A - drinking water source without conventional treatment but after disinfection 

B - outdoor bathing

C - drinking water source with conventional treatment followed by disinfection 

D - propagation of wildlife and fisheries 

E - irrigation, industrial cooling and controlled waste disposal

As can be seen, the critical parameters are coliforms and biochemical oxygen demand. What is 

important to note is that most rivers fail to meet their threshold limit values (desired levels), 

indicating higher than desired levels of pollution in the rivers in the country. In tandem with 

Brandon and Hommann (1995) study, it is easy to see the level of inefficiency in the country due
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to economic losses associated with water pollution.

4.1.2 Ground Water

For a large proportion of the country, the rock and soil formation are such that the yields of 

ground water are low to moderate. The Central Ground Water Board has estimated the annual 

utilisable ground water resources at 418 bcm, while the current utilisation trends are at 100 bcm, 

ie.about 24% of the utilisable resources.

According to the National Engineering and Environmental Institute (NEERI), 70% of the available 

ground water in India is polluted (as quoted in Centre for Science and the Environment (CSE), 

1993). The primary sources of water pollution in the country are industrial effluents, dumping of 

untreated sewage (this is currently responsible for about 90% of the pollution, by volume) and 

contamination of ground water through pesticide leaching.

The management and disposal of water reflects on the efficiency of use of the available water 

supplies and the presence of waste water disposal systems. On both counts the country is found 

lacking, ie.there is an inefficiency in the use of water leading to shortage and a neglect of disposal 

systems. A look at some statistics (CSE, 1993) supports this claim:

- the ground water reserves are 10 times greater than the received rainfall but are being 

rapidly depleted due to the indiscriminate installation of tube wells

- all but two of the high altitude lakes in the country are highly polluted

- only 3% of the population have access to sewage treatment systems

- only 57% of the waste water is treated in the large cities. This percentage drops rapidly 

with the size of the town, reaching 5% in the smaller towns

- only 27% of the large and medium sized industries have full or partial treatment 

facilities

According to the World Resources Institute (WRI, 1992), in 1988, 79% of the urban population 

and 73% of the rural population had access to safe drinking water. The corresponding percentages 

of urban and rural populations with access to sanitation services stood at 38% and 4% respectively. 

In 1990, the percentage of urban population with access to safe drinking water stood at 86% and 

for the rural population at 69% (United Nations (UN), 1995). The percentage of urban population 

without access to sanitation services stood at 56%. With high rates of growth of population, these
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problems are expected to be exacerbated.

In a recent study by Brandon and Hommann (1995), the loss from water pollution in terms of 

Disability-Adjusted Life Years (DALY)*^ is estimated. Water pollution is assumed to arise 

primarily from sewage and industrial discharges. Agricultural run-offs, too, contributed to the 

problem. Quoting World Health Organisation (WHO) data, the authors state that 21% of all 

communicable diseases in India (11.5% of all diseases) are water related. This underscores the 

importance of tackling the problem of water pollution in the country. The incidence of water 

related diseases on population groups depends on their income levels. The authors’ estimate the 

loss due to water pollution in India in 1991 at 14.3 million DALY’s. If under-served populations 

were covered, this would result in an estimated 47% reduction in the incidence of water related 

DALY’s in India. The value of the associated welfare loss was estimated to lie between US$3.1- 

$8.3 (average $4.7) billion®* per year.

This figure, however, does not account for incremental costs of treating water, which increases 

supply costs. Increased cost of supply is attributed to local surface water having become polluted 

or groundwater aquifers having become brackish. Given that often 5-6% of public investment in 

developing countries goes towards municipal and industrial water supplies, even the small fraction 

attributable to environmental degradation/ pollution can be significant (Brandon and Hommann, 

1995).

While the picture is grim, the question now is has environmental regulation been effective in 

reducing pollution?

4.1.3 Trends in water quality and the impact of regulation

Using water quality (measured in terms of biological oxygen demand (BOD) and coliform count) 

statistics generated by the Central Pollution Control Board (CPCB) between 1979 and 1989, 

Mehta, Mundle and Sankar (1993) attempt to determine the effectiveness of water regulation.

88

A DALY is estimated as (the discounted weighted years of life lost due to death at a given age * the value 
of a statistical life) + (disability due to morbidity * (cost of treatment + lost wages)).

This was arrived at using India’s annual per capita GNP, US$330, as the lower bound of the willingness-to- 
pay to avoid the loss o f a DALY.
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Table 4.1.2: Trends in water pollution

Year BOD-
monitoring
points

BOD- 
points with 
excess 
pollution'

BOD- 
proportion 
of excess 
pollution 
points

Coliform-
monitoring
points

Coliform- 
points with 
excess 
pollution

Coliform- 
proportion 
of excess 
pollution 
points

1979 9 6 66.7 9 4 44.4

1980 56 34 60.7 55 26 47.3

1981 65 42 64.6 65 39 60.0

1982 70 45 64.3 70 42 60.0

1983 79 47 59.5 70 44 62.9

1984 92 59 64.1 92 42 45.7

1985 113 72 63.7 113 45 38.8

1986 130 72 55.4 131 47 35.9

1987 133 87 65.4 137 46 33.6

1988 236 119 50.4 214 69 32.2

1989 242 113 46.6 228 98 43.0
CPCB, various years, W ater quality statistics, various issues, Parivesh Bhawan; New

‘Excess pollution’ is with reference to the CPCB standard for drinking water source, 
designated as C, ie.3 mg/1 BOD and 5000 MPN/100 ml coliform.

Delhi

From the table, it can be seen that the number of points of violation of BOD has increased over 

the years; however, the proportion of points with excess pollution have decreased, indicating a 

declining trend in the extent of standard violation. The authors (Mehta, Mundle and Sankar, 1993) 

develop a least squares equation regressing the proportion of BOD standard violation on time and 

conclude the trend coefficient has a negative sign and is significant at the 5% level. A similar 

trend is observed with coliform count. The authors conclude that contrary to popular impression, 

the extent of standard violation®’ has fallen for the country as a whole in the post-regulation 

period.

Thus, Mehta, Mundle and Sankar (1993) conclude that so far the existing regulation regime has 

generated positive but limited results. However, little attention has been paid to the efficiency of 

abatement in terms of minimising the costs of achieving the standards/ compliance.

This conclusion of the authors has to be interpreted with care - as a percentage o f potential violations, 
standard violation has decreased. But in terms o f the absolute number o f standard violations, the number has 
increased by a factor o f about 25 for both BOD and coliform. Given a fixed, or even decreasing, assimilative 
capacity over the years this represents a dramatic worsening.
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4.2 Air

Air pollution is a serious problem in the country. Whilst most of the air pollution problems are 

concentrated in the larger cities - and often within areas in these cities - low but pervasive levels 

of pollution do exist in the rural areas. Often the problem in the rural areas is not perceived as 

one, thereby making it all the more malevolent. The prime causes of pollution in cities are thermal 

power stations (especially the coal based ones), iron and steel plants, petrochemical and fertilizer 

complexes, synthetic fibre plants, metallurgical works, chemical, ceramic and pharmaceutical 

works and refuse burning. In more recent times, emissions from automobiles have become a 

significant contributor to the increased levels of pollution. The main source of pollution in the 

rural areas is domestic cooking. The following statistics are indicative of the extent of the problem 

(CSE, 1993) in the country.

- while cooking (traditionally) women inhale 40 times the volume of suspended particulate 

matter (SPM) considered safe by the WHO. This induces several health related problems 

and affects child mortality

- the quantity of sulphur dioxide released into the atmosphere in the major cities has 

tripled over the last few years

- of the 48 thermal power stations surveyed in 1984, 31 had no pollution control measures 

installed

- traces of acid rain can be found in the major cities of the country

- air pollution in all the metropolitan cities has been found to exceed WHO limits by 2 

to 4 times.

The CPCB has set standards which were based on an eight hour sampling time and with a weekly 

frequency. These are now revised to a sampling period of 24 hours and a frequency of at least 

twice a week. Additionally, not more than 2% of the new samples can exceed the values specified, 

as compared to the previous of 5% of the observations.
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Table 4.2.1: National Ambient Air Quality Standards

concentration (|ig/m^)

Pollutant Averaging time General area Sensitive area

SO2 Annual avg* 80 (0.03 ppm) 30
24 hr 130 (0.05 ppm) 30
1 hr 655 (0.25 ppm)

NO2 Annual avg* 100 (0.053 ppm) 30
24 hr 200 (0.106 ppm) 30
1 hr 470 (0.25 ppm)

SPM Annual avg* 200 (400 pg/m^)# 100 (200 pg/m^)
24 hr 400 (800 pg/m^)# 200 (400 pg/m^)

Source: CPCB, 1993-94, Annual Report

#

annual arithmetic mean of a minimum of 104 measurements in a year taken twice a week 
24 hourly at uniform intervals.
not more than 2% of the total number of observations in a year should exceed the figures 
presented within the brackets for SPM.

4.2.1 Trends in air quality

Based on data for 33 cities in the country, the CPCB (1994-95) reported the following

(a) Howrah, Ahmedabad, Annapara and Bhilai have the 10 most polluted industrial areas

(b) Surat, Dehradun, Delhi, Pune and Bangalore have the 10 most polluted commercial areas

(c) Delhi, Kota, Agra, Bhilai, and Faridabad have the 10 most polluted residential areas

(d) SPM exceeded the standards at almost all the locations

(e) Three out of the four locations in Howrah were amongst the top 10 locations that had high 

concentrations of all the three pollutants. All the pollutants exceeded the proposed standards

(0  Sulphur dioxide (SOj) concentrations at all but one location were within the stipulated 

standards

(g) For nitrogen dioxide (NOj), the annual mean values exceeded the proposed air quality standard 

at Kota and Howrah. The annual mean values for 1989 were higher than the corresponding values 

for 1988 at almost the measuring points in Kota and Madras. Locations in Kota, Howrah, Baroda 

and Pondicherry violated the 24 hourly average standard 0-5% of the time

(h) In Howrah, the sulphur dioxide levels exceeded standards 11-24% of the time

(i) In Howrah and Dehradun, SPM levels exceeded the standards more than 75% of the time 

(j) The nitrogen dioxide standards were exceeded the maximum number of times in Kota (15-20%) 

(k) The mean concentration of SPM in the three classified areas was significantly different, 

implying that the background concentrations of SPM in these areas have a significant impact on 

the measured SPM values.
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It is evident that Howrah, Kota, Madras and Baroda have serious air quality problems. Though 

Delhi had persistently recorded high annual averages, it was not on the list of cities where the 

standards were violated for a significant fraction of time. The CPCB had no data for Bombay, 

Data gathered by the Municipal Corporation of Greater Bombay (1987, reported in CPCB, 1993- 

94) suggests that Bombay had the highest levels of nitrogen dioxide in commercial areas. In all, 

cities with high ambient concentrations of air pollutants are Delhi, Dehradun, Kota, Agra, 

Faridabad in the North; Bombay, Ahmedabad, Surat, Pune, Baroda in the West; Bangalore and 

Madras in the South; and Annapara and Bhilai in the East, None of the cities in the North-East 

recorded air pollution levels of a significant nature,

Brandon and Hommann (1995) state that six of the ten largest cities - Bombay, Delhi, Calcutta, 

Ahmedabad, Kanpur, and Nagpur - have severe air pollution problems, with annual average loads 

of SPM at least 3 times the WHO standard. In Delhi, Calcutta and Kanpur, this was over 5% the 

standard. SOj and NOj were within the limits, though. Further, they found no correlation between 

air pollution and size of the city; many medium sized cities had pollution levels (and therefore per 

capita impacts) as high or higher than the megacities. This was, in cases, attributed to local 

pollution sources.

The authors estimate the number of premature deaths from air pollution’® at 40,000 (primarily 

spread over Delhi, Calcutta and Bombay) with an associated cost of US$170-$1615 million. 

Adding on costs of morbidity and restricted activity days, a total loss due to air pollution was 

arrived at, ie.between US$517-$2,102 million. This was arrived at by "transferring" US estimates 

of willingness-to-pay to reduce risk of death to the Indian context. Cropper and Simon (1996) 

suggest that the figure for excess deaths could be a third of that estimated by Brandon and 

Hommann due to differences in the distribution of underlying health status.

Given these trends of declining air quality, the impact of regulation is now ascertained,

4.2,2 The impact of regulation

Using data on air quality generated by the ‘Air Quality Surveillance Programme’”  conducted by

Primarily arising from particulate matter and lead from gasoline.

While the National Ambient Air Quality Monitoring Programme (NAAQM) has data for 41 cities in the 
country, the authors rejected it due to lack of time series data; the programme having been initiated in 1984. 
The NEERI programme was comparatively longer, having been initiated in 1978,
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the National Environment Engineering Research Institute (NEERI) for the four metropolitan cities 

of Delhi, Bombay, Madras and Calcutta, Mehta, Mundle and Sankar (1993) attempt to estimate 

the impact of regulation on the levels of compliance. The authors construct a P index in an attempt 

to convert the vectors of SPM, SOj and NO2  to scalar values. The pollution parameters are 

sensitive to the level of polluting activities in the cities as well as the meterological conditions 

such as rain, temperature and wind velocity.

Simply comparing a table of average of annual means in the four cities before (1978-81) and after 

(1987+1990) regulation, the authors find that SPM levels remain the highest in Calcutta, though 

they had decreased in the post-regulation period. In Delhi, the SPM levels were high and had 

continued to increase over the entire period. In Bombay, they had remained constant while Madras 

had the lowest levels and they had decreased over the entire reference period, SOg levels fell in 

all the cities except Delhi, while NO; levels rose in all except Madras, The composite index P, 

therefore, was the highest in Calcutta before regulation, followed by Delhi, then by Bombay and 

lastly Madras, Over the entire period air quality improved dramatically in Calcutta and Madras but 

deteriorated sharply in Delhi and slightly in Bombay. The ranking of the cities at the beginning 

of the 1990’s saw Madras with the best quality, followed by Calcutta, Bombay and lastly by Delhi, 

However, the average of annual means was considered to be an inadequate indicator of (a) the 

damage to health and quality of life and (b) how these values compared with the maximum 

tolerance limits specified in the standards. Hence the average of the maximum levels of pollution 

were examined as an alternate indicator.

Using this statistic, a different picture emerges: Calcutta emerges with the highest levels of SPM, 

followed by Delhi, both revealing an increasing trend and both with levels well above the CPCB 

standard, Bombay revealed an increasing trend, but the level remained within the standards set, 

Madras was the only city where the maximum levels actually decreased over the entire period. 

Maximum levels of SO; improved in all cities except Madras; being lowest in Delhi, followed by 

Bombay and then Calcutta, All cities were within the CPCB standard, NO; levels improved in 

Madras, but deteriorated in Delhi, Bombay and Madras - all cities being within the CPCB 

standard. The composite pollution index P improved in all cities except Delhi, which had the worst 

air quality in terms of maximum samples; followed by Calcutta, Bombay and Madras,

While indicative, these measures do not provide an indication of the effectiveness of pollution 

control largely because there is no way of knowing when individual standards were met while
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ambient standards were violated. Further, the analysis does not allow for the lag in enforcement 

of the standards. In addressing the question of effectiveness, the changes in ambient pollution 

levels need to be adjusted for changes in the volume of pollution generating activities. This index 

is arrived at by using the number of motor vehicles as a proxy for the volume of pollution causing 

activities - the reason being that they are the most important source of pollution in cities as well 

as being closely related with the volume of all pollution causing activities. In developing the 

composite pollution index, the meteorological parameters were taken into account as well: (i) 

temperature, being taken as a representative for both temperature as well as wind speed, and (ii) 

rainfall. Putting all the variables of rainfall, temperature, a regulation dummy, the city dummies 

with their associated constants; the authors develop the regression equation. The initial equation 

represents the regulation effect as a switch variable, ie.O in the base year and 1 thereafter. This is 

later modified to incorporate a gradual increase in the regulation effect (trend variable), ie.each 

subsequent year taking on an increasing value. A further variation to the basic equation is brought 

about by allowing regulation to vary across the cities.

The equations are solved using the ordinary least squares method. Mehta, Mundle and Sankar 

(1993) enumerate the main conclusions, using SPM as a unit of measurement of pollution, as:

(a) the regulation and the trend variables are both negative and significant at the 5% level, 

implying that the regulations promulgated under the Air Act have been effective in 

reducing pollution as measured by SPM per unit of pollution causing activity.

(b) the trend variable for the regulation effect performs better than the binary variable. 

Additionally some cities indicate a significant intercity variation in enforcement.

(c) the ranking of the cities changes slightly with the trend and intercity variations allowed 

for - Calcutta is the worst, then Delhi; Bombay performing better than Madras in terms 

of intensity.

(d) in terms of effectiveness of regulation, Madras appears to have the most effective 

regulation, followed by Delhi, Calcutta and then Bombay.

(e) there is no discrepancy between the ranking of the cities according to pollution 

intensity and effectiveness of regulation as cities with effective regulation could have had 

higher initial levels of the pollutant Thus, SPM intensity in Madras, Delhi and Calcutta 

all of which have a higher initial intensity but more effective regulation levels approach 

Bombay’s SPM intensity from above.
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The main conclusions, using the composite measure of pollution intensity P, are:

(a) the regulation and the trend variables are both negative and significant at the 5% level, 

implying that the regulations promulgated under the Air Act have been effective in 

reducing pollution intensity.

(b) the impact of regulation has gained strength over time.

(c) the city cross dummies are significant implying there are significant variations across 

cities in terms of the effectiveness of regulation.

(d) in terms of effectiveness of regulation, Madras appears to have the most effective 

regulation, followed by Calcutta, Delhi and then Bombay.

(e) combining the city and the regulation effects reveals that though Bombay had the 

lowest initial levels of pollution intensity, its effectiveness of regulation is the lowest. 

Hence pollution intensities in Calcutta and Delhi are falling faster than those in Bombay; 

Madras having fallen below that of Bombay.

The limitations of the approach are: (a) the classifications of industrial, residential and commercial 

areas by NEERI do not quite correspond with those defined by the CPCB; (b) for two years, 1988 

and 1989, the data is missing; (c) use of the number of automobiles as proxy is limiting as the 

main pollutants from automobiles are carbon monoxide and hydrocarbons rather than the 

traditional pollutants of SPM, SOj and N0%; and (d) assumes that the regulation effect is solely 

a function of time, ie.as time elapses the regulation effect gets stronger. Further, the use of 

vehicles as a sign of pollution causing activity is questionable.

Overall, they conclude that despite the pollution intensity in the four metropolitan cities having 

declined over the years, ambient air quality has been deteriorating. They feel that this points 

directly on the lacuna in the control regime, ie.the absence of a link between ambient and source 

standards in terms of the volume of polluting activities.

4.3 Land and forests

Nearly 50% of the total area in India suffers from some degree of degradation (Brandon and 

Hommann, 1995). Of the 160 million hectares (Mha.) classified as degraded or endangered. 111 

to 131 Mha. are wastelands. This reveals the extent to which land degradation has spread in the 

country. The main causes are listed to be forest cutting (deforestation), soil erosion, wind erosion.
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mining and development activities such as extensive cropping, compacting, overgrazing, water 

logging, etc. A break-up of the amount of land subject to various environmental problems, 

supplied by the Ministry of Agriculture (1980, as quoted in the Sixth Five Year Plan, 1980-85) 

is provided below

Table 4.3.1: Areas facing environmental degradation

Type of problem Area (Mha)

Water and wind erosion 150.00

Shifting cultivation 3.00

Water logging 6.00

Saline soils 4.50

Alkaline soils 2.50

Diara land 2.40

Culturable wastelands 6.60

Total 175.00

A survey of agricultural lands indicate 83.4 Mha. are degraded - the division between the 

categories of slightly degraded, moderately degraded and severely degraded being approximately 

equal (Brandon and Hommann, 1995). Estimates by the WRI (1992) of landuse patterns for 1987- 

89 put the amount of cropland at 169 Mha; permanent pasture at 12 Mha; forest and woodland 

at 67 Mha; and the total wilderness area in 1988 at 1 Mha. All classes except cropland showed 

a decrease from the 1977-78 levels.

The Sixth Plan Document (1980-85) quotes that the country loses 6000 Mt of soil through erosion 

annually. This has a direct impact on the levels of soil erosion, sedimentation, etc. The impact on 

yield loss is most severe for marginal lands and rainfed areas (30-70% over several years) 

(Brandon and Hommann, 1995). However, this impact is difficult to isolate since factors such as 

increased use of inputs could mask the trends. Brandon and Hommann (1995) estimate the 

productivity loss due to degradation at 4-6.3% of the total agricultural output per annum or 

US$1.5-2.4 billion (in terms of foregone yields) in 1991-92. Needless to say, these impacts are an 

accumulation over the years; however, due to the irreversibility of the impact, the author’s justify 

the estimate. Using a long term discount rate of 5%, the present value of these agricultural losses
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stand at US$30-50 billion (Brandon and Hommann, 1995).

The recorded forest area in 1989 was approximately 75.2 million hectares (Mha), ie.about 22.8% 

of the total geographical area (Government of India, 1988 and 1990). This, however, is only a 

legal classification and includes all areas defined by law as forest. Thus recorded forest area may 

not consist of tree cover, nor do these estimates provide a spatial distribution or a record of 

changes over time. Estimates of actual forest area (based on landsat imagery) is put at 64 Mha 

(Government of India, 1990). On a regional basis, the northern, western and north-eastern regions 

saw a minor increase in forest area between 1987 and 1989 while the eastern and southern regions 

witnessed a decrease in forest cover. However, the effective forest cover (with crown density of 

40% or more) is 37.8 Mha or 11.5% of the geographical area (Government of India, 1990). There 

are several types of forests found in the country ranging from tropical wet evergreen forests to 

alpine types, with tropical deciduous types (moist and dry) comprising the bulk, ie.about 65.5%. 

A breakdown of the statistics from the 1987 satellite imagery put the estimates of open natural and 

closed natural forest at 5 Mha and 52 Mha respectively. For plantations and other wooded areas 

this stood at 2 Mha and 15 Mha respectively. Figures of deforestation show that this was almost 

entirely confined to closed forests.

Total area under forests decreased from 64.2 Mha in 1985 to 64 Mha in 1987, as indicated by 

satellite imagery, reconciled with ground data, with a minimum resolution of 25 ha (Government 

of India, 1988; Government of India, 1990). Deforestation is of the order of 47,500 ha/year. 

Causes are stated as grazing, lopping and firewood collection. The Food and Agricultural 

Organisation’s (FAQ) figures for deforestation stand at 0.6% per annum, attributing shares of 15% 

to tropical rain forest, 11% to moist deciduous forest, 64% to dry deciduous forests and 11% to 

hilly areas (as cited in Brandon and Hommann, 1995). Due to rapid reforestation, total area under 

forests is increasing while natural forest cover is decreasing. The authors name short shifting 

cultivation cycles and encroachment for agricultural production and population settlement as the 

chief contributors to this trend.

While forests serve a number of uses in addition to the direct consumptive use values of wood, 

such as recreation, indirect use values, global indirect use values, etc., Brandon and Hommann

(1995) estimate only the direct value through replacement cost. They arrive at an estimate of 

US$183-$244 million for annualized replacement costs of India’s deforestation over the period 

1980-1990. The discounted value of the 10 year losses range from US$1.4-$1.9 billion, using a 

5% discount rate.
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4.4 Urban-rural environment

The problem of environmental degradation can also be analyzed within an urban-mral framework. 

In both areas the problems focus on fuel availability and water.

4.4.1 The urban environment

Here the problems arise from inadequate housing, transport, sanitation, water, electricity and waste 

disposal. Cramped living areas close to areas of bulk traffic movement are exacerbated by 

problems of lack of water, contaminated water sources, poor sanitation and indoor air pollution 

from fuelwood^^ burning.

4.4.2 The rural environment

It is not always true that the natural harvesters of natural resources are also their protectors. In the 

rural areas in India, the daily struggle often leads people to degrade their surrounding 

environments. The division of work generally leaves women in closer contact with the 

environment, so they are the first affected by degradation. Water shortages leave them with greater 

travelling and hauling times; as fuelwood shortages increase the foraging times. However, the loss 

of forests also affects the quality of the wood collected; poorer quality increasing the cooking time 

as well as causing greater emissions of SPMs. The UN (1995) report estimates water collecting 

time at between 0.7 to 7 hours and fuelwood foraging time between 0.2 and 5 hours.

4.5 The cost of inaction’^

Summarising the costs of environmental degradation in India, Brandon and Hommann (1995) 

arrive at the following table

The estimated percentage of household energy from fuelwood is estimated at 84% in India (UN, 1995). 

”  The title is "borrowed" from Brandon and Hommann's (1995) article.
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Table 4.5.1: Summary of major annual environmental costs in India

Problem Impacts on health &/or 
production

Low estimate 
(miU. US$)

High estimate 
(miU. US$)

Average estimate 
(miU.US$) (% 
share)

Urban air pollution Urban health impacts 517 2,102 1,310 (14%)

Water pollution (health 
impacts)

urban and rural health 
impacts

3,076 8,344 5,710 (59%)

Water pollution 
(production impacts)

Higher incremental costs 
for clean water supply

not estimated not estimated not estimated

Industrial hazardous 
waste

Long term health 
impacts

not estimated not estimated not estimated

Soil degradation Loss of agricultural 
output

1,516 2,368 1,942 (20%)

Rangeland degradation Loss of livestock 
carrying capacity

238 417 328 (3%)

Deforestation Loss of sustainable 
timber supply

183 244 214 (2%)

Coastal and marine 
resources

Unsustainable harvesting 
o f marine resources

not estimated not estimated not estimated

Loss of biodiversity Loss of use, option and 
existence values

not estimated not estimated not estimated

Tourism Decline in tourism 
revenues

142 283 213 (2%)

Costs of environmental 
degradation (US$)
(as %  of GNP)

5,672

(2.64%)

13,758

(6.41%)

9,715

(4.53%)

Source: Brandon and Hommann, 1995

The average estimate is US$9.7 billion per annum or 4.5% of India’s GDP in 1992. The authors 

claim that these are lower bound estimates; even if not, the amount is significant and merits 

attention. The study helps establish the magnitude of the problem facing the country. From the 

table it can be seen that water and air pollution have greater economic and health costs while 

degradation and deforestation have greater financial and productivity costs. Of all the costs, those 

attributable to water pollution are the highest, indicating that this area needs to be granted top 

priority.

The previous sections suggest that the state of India’s environment is not good and the associated 

costs of control are high. A comprehensive set of policies is required to solve for the problems. 

Environmental legislation first emerged almost 22 years ago. The question then arises: is the 

current state (of the environment) due to legislative failure, implementation failure, a lack of

131



capacity to cope with such a problem or bad, ill targeted policies? To answer this, the next 

sections deal with current legislation, its achievements and shortcomings.

4.6 Constitutional measures

Under the Constitutional Amendment (1986), it is now the fundamental duty of every citizen of 

the country to protect and provide for the improvement of the environment. The constitutional 

directives apply at two levels - (i) the duty of the state and (ii) of individuals to preserve and 

protect forests and wildlife. These, however, are new concerns and their adoption will need not 

only time but a sustained effort to create the required level of awareness.

4.7 Administrative measures

In an attempt to set up the concomitant administrative structure to support the constitutional 

measures undertaken, the Government of India set up the National Committee on Environmental 

Planning and Coordination (NCEPC) in 1972 to advice the government on environmental problems 

and to make recommendations for improvements in legislation and control. The NCEPC was, 

subsequently, replaced by the National Committee on Environmental Planning with the following 

functions

- to prepare the annual "State of the Environment" report

- to establish an environmental information and communication system to increase 

environmental awareness in the country

- to sponsor environmental research

- to arrange public hearings, conferences on the environment

In 1980, the Department of Environment (subsequently the Ministry of Environment and Forests) 

was set up as a nodal agency to protect and preserve the environment and to ensure that the 

development plans in the country followed an ecological path; to carry out environmental appraisal 

of projects and to assume administrative responsibility for (a) pollution monitoring and regulation,

(b) conservation of critical ecosystems, and (c) conservation of marine ecosystems.
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4.8 Legislative measures

There have been attempts to control environmental pollution by the passing of laws and acts. 

While not all specifically aimed at pollution control, they can today be read as laws aiming to 

restrict environmental damage. In India, both the union and the states have the power to pass 

legislations, individually as well as concomitantly. The following listing is presented in terms of 

the union list, the state list and the concurrent list.

Broadly, under Schedule VII of the Constitution, the union list comprises of Industries; Regulation 

and development of oilfields and mineral resources; Regulation of mines and mineral development; 

Regulation and development of interstate rivers and river valleys; Fishing and fisheries beyond 

territorial water. Similarly, the state list contains Public health; Agriculture, protection against pests 

and prevention of plant diseases; Land, colonization, etc.; Mines and Minerals, subject to provision 

of union list; Industry, subject to provision of union list. The concurrent list contains Forests; 

Protection of wild animals and birds; Economic and social planning; Population census and 

planning. Additionally, Parliament has exclusive powers to legislate on all residual matters and on 

any subject contained in the three lists. It is also vested with the responsibility of implementing 

international agreements, with the consent of the states. In times of emergency or if in national 

interest, the Parliament can make laws on any subject contained in the state list as well. A list of 

the main laws enacted by Parliament and the state legislatures is provided in Appendix III.

As can be seen, the central government retains the right to enact laws at the national level in 

accordance with international treaties or in national interest; the implementation of which is 

generally left to the individual states. This could be a possible source of conflict due to 

misinterpretations or due to political conflicts at the two levels. Details of individual legislations 

and a critique is provided in Appendix IV.

4.9 A critique of environmental litigation in India

Overall, the process of litigation in India is slow, uncertain and expensive; with overburdened 

courts now having the additional task of resolving environmental disputes. Of the 217 defaulters 

in 1981, the central Board was able to charge a mere six (Singh, 1987). The record of the state 

Boards is even more dismal. Further, a look at the industries charged reveals a size bias as well -
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only small and medium sized industries have had serious charges levied against them.

The Tiwari Committee (Government of India, 1981), set up to review environmental policy in the 

country, noted the following shortcomings in the existing laws

a) many were outdated, having long outlived their usefulness. Several of the laws had 

been enacted when India was still a colony and hence their orientation was exploitative 

rather than protective.

b) many lacked an explicit statement of policy objectives

c) they were often mutually inconsistent with each other. The Environmental (Protection) 

Act, 1986 set up new statutory bodies with no clear relationship to the existing 

administrative framework, thereby adding to the confusion

d) all the laws are so loaded in legalities that whenever a penalty is imposed, 

countervailing exemptions are also declared; thereby robbing the laws of any substantial 

impact

e) there was inadequate provision for strengthening the implementing agency. This implied 

that the deficiencies in implementation simply continued or were compounded as new 

duties were foisted on an already overworked agency.

f) there existed no system to review the laws and their efficacy

g) most of the laws targeted the private sector only.

The Committee suggested the following possible improvements to the system

a) a comprehensive review (and reformation) of some of the existing central and state Acts 

should be undertaken. Some of the Acts suggested for the review were The Insecticides 

Act of 1968; The Forests Act of 1927; and The Water (Prevention and Control of 

Pollution) Act of 1974.

b) there should be new legislation for areas not currently covered by the various laws

c) environmental protection should be introduced on the concurrent list, thereby making 

both the centre and the states responsible for conservation.

While doing a commendable job, the Tiwari Committee did overlook several aspects of

environmental jurispmdence in India. Some of the reasons for the malfunctioning of environmental 

legislation have deeper rooted causes. An attempt will be made here to investigate the raison 

d'etre for failure of the legislation.
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One of the most inherent failings of the law stems from the fact that they are based on the 

deterrent theory of criminal justice administration. Dealing first with deterrent theory, since the 

penalties stipulated for non-compliance in most of the laws are rather low, it is actually profitable 

to pollute and pay the fine rather than to prevent the pollution. Hence, the retributive value of the 

penalty fails. Turning to the limitations of using criminal justice administration for environmental 

legislation, it can be seen that the basic principles governing its use are (i) it works on the 

principle of direct and immediate causality; and (ii) it requires an assumption of mens rea^^ 

(Singh, 1987). Direct and immediate causality implies there must be a clearly identifiable 

perpetrator and victim. In cases where a number of people are affected or a group of industries 

cause the problem, clear identification is no longer possible, thereby diluting the impact of the law. 

Also, mortality or morbidity caused by general levels of air/water pollution again would find poor 

compensation, as the direct perpetrators would be difficult, if not impossible to identify. The 

second assumption of mens rea is another major hurdle. If there is no criminal intent at the time 

of polluting a particular medium (water, air or land), then again the impact of the law is diluted. 

This can also be seen from the Environment (Protection) Act, 1986, where unless the act is 

committed with full knowledge, the individual (if, and when, identified) cannot be charged for the 

full extent of the crime. Thus, the very basis of the law, ie.on criminal justice, sheaths its claws. 

These aspects of the law create situations where individuals are more likely to be punished rather 

than big conglomerates, since individuals are easy to identify and charge under the law. This is 

reflected in the fact that it is the small and medium sized companies that have been charged under 

the law, while the record of the larger federations remains (relatively) unblemished.

Another limitation is that the laws are based on conflict rather than cooperative models. The laws 

make no allowance for the provision of incentives to induce compliance. This ignores aspects of 

cost-benefit analysis or incentive based systems, where in situations, incentives might bring about 

greater compliance as compared to purely punitive measures.

Administratively, too, the laws are hamstrung. The head of the Environmental Action Plan in the 

country, the Ministry of Environment and Forests, is more an administrative body with advisory, 

legal powers on policy and finance. It possesses little power to actually forcibly implement any 

of its decisions, being easily overridden by the other Ministries. Regulations set by the Ministry 

are considered as administrative impediments to the implementation of a project. Thus, in terms 

of both its perception as well as its actual functioning, the Ministry clearly lacks the power to

wrongful purpose or criminal intent
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implement. Consequently, the Boards constituted to implement the various environmental standards 

are also only advisory legal powers. They are invested with investigatory powers and, for the first 

time, the law (The Environment (Protection) Act, 1986) actually allows authorities to enter 

premises in order to collect samples so as to ensure that the standards are always met. The 

restriction in this case being that the powers exercised should be within the scope of the law.

At the grass root level, the laws reduce non-govemmental agencies to merely fact finding bodies, 

with little, or no, influence. Even this responsibility is only a half hearted concession as these 

agencies have no powers or rights to enter premises, collect and analyze samples. Sample analysis 

can only be conducted at governmental laboratories. This implies that non-govemmental agencies 

can only create awareness, since concrete proof, as is required under criminal justice proceedings, 

can only be supplied by governmental departments/ pollution boards. Hence, peoples participation 

in the laws is mostly non-existent.

Singh (1987) has suggested remedial action that could provide a partial solution to the problems 

mentioned above. A brief list follows:

- it might be advisable to redefine an "offence" under the environmental laws. If this could 

be done in terms of "tortious l i a b i l i t y t h e  jurisprudence would shift from the criminal 

courts to the civil courts. Under a tort law, compensation can be rationalised on an 

economic basis, making the assessment of the compensation relative to the amount of 

harm

- the government could allow for out-of-court settlements, which are both quicker and less 

expensive

- incentives for compliance should be introduced. These could be in the form of (a) 

investment credit for new pollution abatement equipment; (b) deduction for depreciation;

(c) payment of an annual operating cost

- the Boards and Departments should get the legal right to make the compensation 

assessments. These assessments could be based on (i) identification of all expenses 

incurred, as defined in the law; (ii) adjusting the cost for tax deduction and credit; (iii) 

determining the net cost in present value terms; and (iv) a final economic assessment, 

ie.the amount that creates a stream whose present value equals the present value of the 

cost of compliance.

- when determining the permissible standards for effluent discharge, boards should

Tort is defined as wrong or injury, not under a contractual agreement, for which a compensation exists.
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consider areas rather than only receiving bodies

- non-govemmental organisations should be given legal recognition. This could avoid 

duplication of work, evidence finding, etc.

Singh (1989) feels that there exists not so much a paucity of legislation but rather an absence of 

will to implement, a confusion of laws and counter laws, and a great overlapping of duties. This 

results in confusion, with little onus on a department for its acts of omission’ .̂ Hence despite 

their limited coverage, there is no urgent need for further legislation, rather a move towards greater 

commitment, stronger enforcement and rationalization of the existing laws. Laplante and Rilstone’s

(1996) findings support this claim, ie.that inspections and/or the threat of inspections spurs greater 

compliance and more accurate self-reporting in the industry. The actual success of the measures 

taken to achieve these goals would depend on the extent of corruption involved and the cost of 

compliance with the standards.

4.10 Existing standards

A brief statement and measuring technique of the standards in operation in the country are listed 

below.

National Ambient Air Quality Standards - The averaging time is 8 hourly average concentrations; 

the standard not being exceeded 95% of the time (annually). Ambient levels for critical pollutants 

of SO^, NO^, SPM, and CO also exist (Table 4,2.1).

Water Quality Standards - These have been set up as per the end use, eg. drinking, bathing, 

industrial etc. Measurements are in terms of BOD, pH, coliform organisms present in the water 

sample.

Noise standards - Noise levels have been set for as per ares defined eg. industrial, commercial, 

residential and silence zones.

Emission standards (water and air discharges) have been set for the following industries - 

aluminum; asbestos products; boilers (small); bullion refining; calcium carbide; carbon block; 

caustic soda; cement; coke ovens (integrated iron and steel); copper, lead and zinc refining; DG 

sets; dye and dye intermediates; electroplating; fermentation; fertilisers; food and food processing;

An example is the case of whether the Municipality or the Town Improvement Trust o f a city/town is 
responsible for sewage and covering of drains (M unicipality o f  Ratlam  vs Vardhisingh).
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foundries; fibre and textiles; glass manufacture; integrated iron and steel plants; inorganic 

chemical; lime kiln; jute processing; large pulp and paper; leather; natural rubber; nitric acid; oil 

refinery; paint manufacture; pesticides; pharmaceuticals; petrochemicals; slaughterhouse, meat and 

sea food processing; small pulp and paper; small scale industries; stone crushing units; sugar; 

sulphuric acid plants; tanneries (primary); thermal power plants (coal fired). Further, non-polluting 

industrial districts and protected areas where no further location of industry is permitted have also 

been specified.

4.11 A review of the functioning of the state pollution Boards

The central enactments for pollution control empower the central and state governments with legal 

power to deal with the problem of pollution control. To this end, they supplement the legal 

provision by an administrative set-up, ie.the constitution of pollution control Boards at both the 

centre and the state level. The umbrella legislations vest the central government with more powers 

to monitor the preservation and protection of the environment (Mahalwar, 1989). It is the central 

government that sets standards for emission or discharge of pollutants from different sources and 

can prohibit the location of industries and processes in various parts of the country.

The state governments constitute the state Boards for pollution control. The Boards comprise of 

a chairman; not more than five nominees of the state government; not more than five nominees 

of the local authorities under the state government; not more than three non-officials nominated 

by the state government to represent the interests of agriculture, fisheries, industry or trade; two 

persons to represent state owned/controlled/managed companies; and a full time member secretary, 

qualified in public health engineering and nominated by the concerned state government. The 

nominees are expected to have no affiliations to any particular company, or to represent the 

interests of a Board, etc. If required, the Board can nominate a consultant on a special issue. The 

Board is to meet at least once in three months. The Boards are empowered to carry out the 

following functions:

(i) prevention, control or abatement of pollution of streams or wells and to execute the 

measure. These were the initial duties of the Water Boards. Subsequently, their scope was 

extended to include rivers as well as air pollution

(ii) encourage, conduct and participate in investigations and research relating to problems 

of water and air pollution
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(iii) to advice the state government on matters of pollution

(iv) to collect and disseminate information on pollution (water and air), prevention, control 

and abatement thereof

(v) collaborate with the central Board in achieving the above

(vi) inspect sewerage or trade effluents, works and plants for treatment of water, stack 

effluents and their treatment

(vii) to lay down, modify or annul effluent^^ and emission standards

(viii) evolve economic and reliable methods for treating pollutants

(ix) consider the possibility of re-use of treated pollution streams, eg.discharge water (for 

agriculture) and emissions (in the brick industry), etc.

(x) evolve efficient methods for the disposal of residual pollutants

(xi) to set standards for the quality of discharged water or air

(xii) to make, revoke orders (a) for the prevention and control of discharges; (b) requiring 

new discharges to be in accordance with the existing standards

(xiv) to advice the state government on the location of industries

(xv) other matters

Under the enhanced powers granted to the Boards vide the Environment (Protection) Act, 1986, 

the Boards are empowered to take samples from any plant or process to test if the 

emissions/discharges are within the standards specified. The cost of this analysis is to be borne by 

the occupier of the plant. Non-compliance with standards is a punishable offence. Further, the 

Board can refuse permission for new discharges into a receiving body. Earlier, each state Board 

set its own standards. Now, standards are set at the national level, but the onus of overseeing their 

implementation lies with the state Boards. The state government can supersede the decisions of 

the state Board, when deemed necessary.

Overall, the state Boards lack effectiveness, falling prey to the whims of the state government and 

the central Board. It might be advisable to grant them increased powers such that they can decide 

on standards for the state. Given that it is probable that the state Boards possess greater 

information about the local environmental conditions, local standards might be a better solution. 

Such a provision does exist, but the authority to declare such a legislation lies with the central 

Board. Hence, the extent to which the state Board is capable of getting its way depends largely 

on its bargaining strength vis-a-vis the centre. Further, independence from the state government

so long as not an interstate stream.
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is one way of ensuring that state development policies are in consonance with environmental issues 

(Mahalwar, 1989). On the other hand, some state Boards have proved to be prone to corruption 

and have been taken over by the central Board. This dilutes the case for increased devolution. A 

further problem lies in the fact that the role of the Board is largely advisory, deliberative, 

investigatory and research oriented. It suffers from an overdose of government control. Another 

problem that hampers its functioning is the composition of the Board. In many cases, the members 

of the Board are not experts on pollution matters, but only people holding a particular position. 

This creates a of lack of objectivity, and a bias in the policies and/or operations of the Board.

When considering the case for granting increased powers to the state Boards, it might also be 

useful to consider permitting the Boards to directly prosecute polluters. At the moment, the Board 

has to move the court in order to prosecute a polluter, causing delays in the implementation of 

control measures (Leelakrishnan, 1987). A noteworthy improvement subsequent to the 

Environmental (Protection) Act, 1986, has been the expansion of the state Boards register to 

encompass both public and private sector industries. However, public participation in Board 

activities are still limited and their inclusion could be a step forward.

4.12 Regional aspects of environmental legislations

Under the Environment (Protection) Act, 1986, the government must account for the following 

when prohibiting or placing restrictions on the location of industries (Tripathi and Pandey, 1992):

(i) the standards for environmental quality in the region

(ii) the maximum permissible limits of concentration of various pollutants

(iii) the likely emissions/ discharges from the new plant

(iv) the topography and climatology of the area

(v) the proximity of the plant to human settlements, historical monuments, etc.

(vi) the existing biological diversity of the area, what needs to be preserved and how the 

increased emissions are likely to affect it

(vii) the net adverse environmental impact from the plant

(viii) other factors

The central government has to inform the applicant of its intention to restrict location in any 

region. Notifications must include descriptions of the area. Objections to governmental action must 

be filed within 60 days and the government is required to reply within a period of 120 days.
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4.13 Overview of the environmental regulatory system

The top down, regulatory role assumed by the government preempted the necessity of pressure 

group build up at the grass roots. This resulted in the absence of a broad based support for the 

environmental movement in the country, leaving it more a fragmented issue-based approach to 

solution-finding. The government assumed a tutulatory role - as was consistent with the overall 

role assumed in the planning process (Khator, 1991). Since government initiation was largely in 

response to international movements/ opinion, the governments' own commitment to the cause was 

limited. Further, the actual standards were characterised by grey areas, ie.no set standards exist, 

nor time schedules for compliance enforced. This made it relatively easy for industry to work 

around the standards’ enforcement, as is generally the case for action oriented standards’® 

(Khator, 1991). Further, the standards are set per unit production, implying the greater the 

production, the higher the emission levels permitted.

However, in order to fulfil the obligations assumed, an extensive administrative network had 

necessarily to be instituted. The various independent agencies and departments had to be 

amalgamated under a supervisory body, ie.the Department of Environment. The Department was 

to carry out the environmental appraisal of projects, to protect and conserve wildlife, to monitor 

and control air and water quality, to establish an environmental information system, to promote 

environmental research, and to sustain international cooperation. However, in spite of its 

consolidated base, the Department failed to resolve some of the inherent conflicts - while 

environmental policy was regulatory in nature, the very bureaucratic network created was non- 

regulatory. It was an advisory body with a small political base and an even smaller financial base, 

and hence lacked the clout to withstand pressure from either the industry or the government itself. 

In the absence of an independent power base, the Department was incapable of overseeing the 

activities of other development-oriented agencies.

Much of the problem, too, centres around the fact that most standards have been taken from those 

that exist in industrialised nations with little or no modifications made for specific climatic/ 

ambient levels existing in different zones of the country. This has created some problems with 

compliance in the country, since despite emissions being within limits, ambient standards could 

be exceeded. Most of the legislation has been targeted at the industrial sector, with emission

Behaviour oriented regulations are, typically, more difficult to overcome.
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standards being set. In some cases, incentives to install pollution control equipment do exist.

The lacunae has not led to a revaluation of the policy measures. The bureaucratic set-up has been 

further strengthened, with the elevation of the Department to the rank of a Ministry - the Ministry 

of Environment and Forests. The Ministry had eighteen different divisions, in addition to two 

separate, administratively independent units - the Project Ganga Directorate and the National 

Mission on Wastelands Development. The increased diversification and specialization of the 

divisions was a noteworthy achievement of the Ministry. The Ministry functions more as a 

guardian and protector rather than a regulator; providing services, setting guidelines for emission 

discharges from specific industries, establishing a network of local and regional monitoring stations 

and carrying out periodic surveys. The Ganga Action Plan was one of the highlights in terms that 

it signalled a new approach of the government towards environmental problems, ie.it recognised 

the commonality of a pollution source, assigned responsibility for the pollution, ascertained an 

authority responsible to provide a solution, with standards being set by the agencies involved 

(Khator, 1991). Another regulatory responsibility assigned to the Ministry has been that of 

Environmental Impact Assessment. While this was set up as a tool to manage and control the level 

of degradation in the country, it turned out to be a point of conflict between the states and the 

centre - the states accusing the Ministry of unnecessary delays in granting clearance, thereby 

causing cost and time overruns. Further, in several cases, the Ministry was incapable of actually 

appraising the reports on the basis of the scant information/ knowledge it has at its disposal.

In all, an evaluation of the bureaucracy has to be carried out in context of the situation and the 

duties assigned, given that the Ministry has had to perform a large number of non-regulatory 

functions, with distributive roles often assuming primacy. To that extent, the environmental 

bureaucracy in India has been able to create awareness for environmental protection and was 

successful in establishing various monitoring and implementing networks all over the country. 

However, the actual translation of policy into outcomes in terms of actual reductions in pollution 

levels has been hamstrang due to the high cost of regulation and compliance, the complexities 

imposed by the federal structure itself and the very nature of the bureaucratic setup.

Overall, the policy approach in India has been more one of regulation rather than co-operation, 

ie.more one of policing rather than managing. The adoption of such a role necessitates the 

existence of an extensive (and efficient) administrative network, a substantial revenue base and 

continuous public support - all of which have been found as lacking in the Indian context. Further,
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environmental legislation has largely been a product of the personal commitment of leaders and 

the prevailing international environment. Whilst, implementation/ enforcement has been lacking, 

the various legislations have helped in creating awareness, thereby fostering environmental 

movements in the country. Needless to say, these movements have largely been characterised by 

poor organisational structures, low membership, inadequate financial base and an overall narrow 

focus’̂ .

4.14 Policies for improving the environmental regulatory system in the country

The limitations of the regulatory system, the regulatory body and the legislation have been 

discussed separately in the previous sections. At this point we collate the information to see what 

the implications for policy are. That is, how can the system be overhauled such that it is more 

effective in not only preventing further degradation but also in restoring some of the degraded 

areas? In order to achieve this, the policy reforms that can be carried at various levels are as 

described below:

4.14.1 The central regulatorv bodv

At the very head of the environmental regulatory process, the Ministry of Environment and Forests 

has been set up primarily as an advisory body. If instead it were a regulatory body, its 

effectiveness would be greatly enhanced. It would then be vested with greater powers to stop any 

developments which could be detrimental to the environment rather than being overridden by most 

other ministries. New legislation on the environment is seen as an impediment to project initiation 

rather than an effective check on the setting up and location of new industries. At the moment the 

Ministry is invested with investigatory powers, with little or no legislative backing. In short, the 

scope of the Ministry needs to be enhanced and the focus changed - it needs to be charged with 

the implementation of policy and vested with regulatory and legislative powers.

4.14.2 The pollution control boards

Like its federal counterpart, the pollution control boards (both central and state) are largely 

administrative bodies with preventive functions. They are incapable of issuing direct orders for 

action against firms; these need to be channelled through the judiciary. Further, there is an

The last (narrow focus) is a natural outcome of the first three characteristics. Given low membership and a 
weak financial base, it is often more productive to focus on an issue rather than to spread the effort over too 
large an area.
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inadequate separation of power between the centre and the state boards, and between the boards 

and the government - the government can overrule the board on an issue. This lack of autonomy 

on part of the boards makes them incapable of setting a new rule and following it through. The 

composition of the boards, too, leaves them open to censure; the posts being filled by people who 

hold particular positions in society or the political system and not for their expertise. This implies 

that while the interests of all groups are safeguarded, the environment takes a lower importance. 

A solution could lie in staffing the board with experts, while the current members could serve as 

a review panel. The lack of funds makes the boards overly dependent on the government for 

support but also results in low levels of monitoring and, therefore, enforcement. In the long run, 

greater autonomy for the boards from firstly the government and secondly their central counterpart 

might lead to higher and more stringently enforced standards. This move needs to be followed 

through carefully as rampant corruption has been a problem with some state pollution control 

boards. Further, each state board should be encouraged to set and enforce their own standards, so 

long as the new standards are higher than the national standards. At the moment, the state boards 

lack the power to do so, which leads to pollution being spread evenly over the area, with no 

incentive to maintain a higher environmental quality. In retrospect, it can be seen that the boards 

were initially set up in the 1970’s as primarily administrative bodies and no effort thereafter has 

been directed towards changing this orientation, nor to strengthen the overloaded structure. This 

needs to be done in order to prevent degradation at rates witnessed in the past.

4.14.3 The legislation

The standards in force have been adopted from the EPA with little or no modifications made for 

local conditions. They are generally set per unit output'®®. Standards need to be set taking into 

account not only emissions per unit production but also ambient conditions. This is a common 

failing. Standards are set on the basis of point sources (of pollution). While individually each point 

source might be within the prescribed emission limit, the total emissions could be greater than the 

carrying capacity of the region, causing ambient conditions to deteriorate. The manner in which 

the standards have been set provides another point for improvement. At the moment, the standards 

are action-oriented, ie.they indicate a limit which has to be met. If instead they were made 

behaviour-oriented, ie.use an incentive approach to ensure compliance, it might prove to be a more 

lasting, long term change in achieving the required level of environmental purity. Hence the 

standards need to be overhauled - accounting for local conditions, ambient levels and could be

Laplante and Rilstone (1996) feel that standard set per unit production imply the higher the production level, 
the greater the permission to pollute.
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effected through incentives rather than command-and-control methods.

At the legislation level itself, there are two issues that need to be looked into - the orientation of 

some of the laws enacted to protect the environment and the other the laws themselves. The 

individual laws are treated first.

The most important piece of environmental legislation in the country. The Environment 

(Protection) Act, fails to mention forests. This is a serious failure not only in light of the extent 

of deforestation that has occurred in the country but also because the Forest Act is primarily based 

on its 1927 predecessor, allows for their destruction in the national interest. The extractive nature 

of this Act has neither been changed nor toned down over the years. To this extent, the 

Environment (Protection) Act compounds the failure. This needs to be changed by a new 

Amendment to the Act wherein forests are explicitly mentioned and their protection ensured'®'.

Another important lacuna in an existing law (The Hazardous Wastes (Management and Handling) 

Rules) is that it permits the import of hazardous wastes for processing and re-use as raw material. 

Given that controls are relatively low and that the safety record for the country is not the best, 

such a concession could lead to the import of hazardous wastes which are then subsequently 

dumped. Similarly, the Manufacture, Storage, and Import of Hazardous Chemicals Rules neither 

restricts non-compliance with the Rules nor safeguards affected individuals. Further, the overall 

levels of compensation granted to affected individuals by the Public Liability Insurance Rules are 

negligible. When the above are seen in tandem with the permission to import wastes for re

processing, it creates incentives in the country for the import of such wastes for dumping.

However, the fact will remain that in spite of these modifications being made in the orientation 

of the individual laws unless their underlying basis does not change, default will continue to be 

high and compensation levels to the affected low. The problem lies in the basic structure of the 

laws. Since environmental legislation is based on criminal law, it implies that both direct and 

causal effect as well as criminal intent need to be proved before a defaulter can be charged. One 

of the two is hard to prove but both makes a prosecution in an environmental case almost 

impossible. For one, the direct and casual effect of pollutants from a single factory on the

This does imply that all existing forest areas need to be protected. Since effective forest cover (11.5%) is 
about half that o f the recorded forest area (22.8%), a strong case for protection o f existing areas, with 
reforestation o f degraded areas and thereafter their sustainable harvesting, can be made.
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surrounding population is difficult to prove. Further, when there are a large number of victims, 

a clear identification of a distinct perpetrator and victim is impossible and the impact gets diluted. 

This specification has led to a bias in the implementation of the law: the smaller to medium sized 

companies tend to get charged as in their case a single perpetrator is easier to establish. Even when 

this has been possible, as in the Bhopal Tragedy, criminal intent can never be proved (which was 

the reason for lower levels of compensation in the Bhopal case). This calls for a reorientation of 

the law - to be moved from criminal law to tort law. Under tortious liability, compensation can 

be claimed for a wrong or injury inflicted; can be settled by the civil courts and out of court 

settlements are permitted. This allows for a speedier dispensation of justice and can prevent courts 

from being over-burdened. While the exact legalities of such a measure need to be worked out in 

detail, it stands to reason that environmental law should come under the purview of tort law and 

no longer under criminal law.

4.14.4 The non-governmental agencies and the public

At the moment, only the state pollution control boards are permitted to enter the premises of 

business and take samples in order to ascertain compliance with the standards prescribed. Herein 

lies a problem in environmental legislation - since only the pollution control boards have this right, 

third party litigation would find it impossible to provide the required evidence in court. Not only 

that, in most cases data on the emissions from firms is held as confidential by the boards. Even 

if not confidential, such information is not easily available to the common man. If third party 

litigation is to gain strength in the country, access to such information must be ensured. This could 

be done by mandating the disclosure of such information, either through published reports or made 

available to interested parties at request. Another solution could lie in allowing third party rights 

to take measurements from production units. Since this process takes time, interferes with the 

production process and has associated costs, it is unlikely that business will allow such measure 

to be implemented. However, limited access to certain organisations, recognised by the Ministry 

of Environment and Forests, can be a step in the right direction. In all, increasing the number of 

organisations that measure compliance and open access to the gathered information are methods 

by which the rights of the public are increased and greater protection ensured. This is suggested 

as the first best solution (of an effective ministry and pollution control boards) has not led to the 

desired result; the reasons varying from inefficiency, limited capacity or corruption.

Further, independent organisations need to be encouraged to create, support and further public 

awareness on environmental issues, pollution from local sources. At the moment, much of this
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activity is concentrated with the Ministry, despite some devolution of the tasks. Much more liberty 

needs to be granted to non-govemmental organisations to initiate action against companies, and 

to act as fact-finding bodies.

While a common complaint is the operations of the Ministry are hampered by a lack of funds, if 

monitoring were to be improved with a resultant greater collection of fines, the financial situation 

can be improved. Not only that, with a greater devolution of responsibility costs too will be shared 

and could lead to an improvement in operations with a concomitant decrease in costs.

4.15 The cost of subsidies

The current state of the environment and the associated costs of clean-up have been brought on 

not only by inefficiencies in the administrative and legislative set-up but also by poor, ill targeted 

policies. One such category that yield to easy identification is that of subsidies.

One of the most commonly accepted definition of a subsidy is a payment or tax concession from 

the government, such that the ruling price is below and efficient benchmark price, either long run 

marginal cost or the border price. Subsidies can take several forms: direct cash transfers, tax 

concessions, provision of cheap credit, ‘benefit-in-kind’ subsidies where the government sells at 

a price lower than the market price, and regulatory subsidies. Investments which are large, lumpy, 

spread over years, with low rates of cost recovery (such as irrigation, electricity supply, education, 

etc.) are ideal candidates for government support. When they are resources of national and 

strategic importance, government investment is generally the result.

The argument in favour of subsidies hinges on the contention that several desirable social 

outcomes are not achieved through the market mechanism. Subsidies can be classified by both the 

sectors of the economy which benefit from them or by the input/ factor they subsidise. Dealing 

with sectoral subsidies first, the rationale for industrial subsidies is generally to attract new jobs 

in the area* to create an environment for business, and to generate other benefits for the region. 

Subsidies to the agricultural sector are primarily in the form of subsidised inputs and guaranteed 

prices for outputs; the explanation for this being the need to keep the prices of essential food items 

in the economy low, and this being possible by the cheaper inputs to and assured off-takes from 

the farmers. Specific activity subsidies cover investments in water and sanitation, irrigation.
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education, and other social services.

The most often quoted criticism levelled against subsidies is that they distort perfect market 

outcomes. That is, because of the subsidy resources are diverted out of activities where they yield 

the highest return to the subsidised activity where they earn an artificially high return. This 

distortion is not limited to the national market, but the effect transcends into the international 

market as well, distorting comparative advantage and trade patterns*® .̂ Behboodi (1994) argues 

that few markets are truly perfect and therefore the distortionary effects of subsidies might not be 

as great as they are often made out to be. Imperfect markets and externalities have long been 

recognised as distortions in economics analysis. Behboodi (1994) argues that in certain situations, 

a subsidy can actually help correct for distortions that might exist, for example in an over 

regulated economy a subsidy might help reduce the distortion introduced by the administered 

prices. This correction however, depends on the type of externality generated. If the output of an 

externality generating activity is subsidised, it results in more of the output and, therefore, 

externality being generated (Holtz-Eakin and Lovely, 1996). This implies that an activity that 

results in a positive externality should be supported. However, all production activities involve an 

associated environmental impact, an undesirable externality. Hence the extent to which the activity 

is supported, the greater will be the negative externality. This might then be controlled by a tax. 

While certain situations may call for the simultaneous imposition of a tax and subsidy, such a 

move might not be politically or administratively feasible (Holtz-Eakin and Lovely, 1996).

Subsidies might also be offered to industry to catch-up on technology and leap-frog over 

competitors. This implies that technologically lagging nations have a greater incentive to grant 

subsidies in order to secure such benefits. Such an action is distortionary but can yield gains to 

the country, if the technologically leading country does not take countervailing measures. In order 

to capture such gains, many developing countries offer subsidized capital to both industry and 

agriculture. Anderson (1987) argues that this has the effect of increasing the demand and 

requirement for capital, often disproportionately relative to its cheaper counterpart labour; it 

reduces labour demand; increases the overall scarcity of capital in the country; reduces the 

productivity of capital and reduces the overall share of capital to small scale industries. Landau

(1990) feels that since not all inputs are equally subsidised, there is an imbalance in the use of the

Due to this, it is often been argued that trade theory needs to be modified and no longer based on comparative 
advantage but competitive advantage. While comparative advantage can easily be affected by changes in 
relative prices and therefore by new subsidies, competitive advantage is more enduring and less susceptible 
to distortionary policies of other countries (Rosentraub and Przybylski, 1996).
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inputs. Hence, it can be seen that a subsidy can have distortionary effects, these often not being 

accounted for in the estimation of the cost of the subsidy to the economy. Further, since the rate 

of taxation and the level of incentive are related, the cost to the exchequer of the subsidy is not 

simply the incentive disbursed but additionally the tax revenue foregone; the total cost needing to 

be estimated within the tax-expenditure framework (Melliss and Richardson, 1976).

However, there exists also a new point of view emerging from public choice theory. And this is 

that politicians and administrators are not neutral actors in the distribution of subsidies but instead 

attempt to influence and maintain their power/ coalition base through the administration of 

subsidies; a sort of coalition group satisfysing approach in the granting and distribution of 

subsidies. Subsidies then serve to create and maintain power and to maximise both income and 

the chances of re-election. This, in turn, implies subsidies are used to raise the incomes of the 

most influential pressure groups and to encourage ‘rent-seeking’ behaviour by the actors. 

Consequently, wealth is transferred away from those who are least capable of organising 

themselves into groups to take action against or those least capable of resisting such a move. 

Following Bardhan (1987) and others, Kamik and Lalvani (1996) argue that pressure groups 

determine the volume of subsidies going to a particular sector. They go on to prove this for 

fertiliser subsidies to 17 states in India.

It is estimated that in India total central subsidies amounted to Rs.423 billion in 1987-88 or almost 

15% of GDP (Mundle and Rao, 1991). However, in the context of paper mills in India, we will 

focus particulary on some specific subsidies: fossil fuel, water and fertiliser subsidies. Given that 

paper mills need fossil fuel for meeting their steam and power requirements, it is clear how a 

subsidy here affects their initiation and location decision. The importance of the water subsidy 

relates more to the choice of production process. The process by which paper is produced is water 

intensive, resulting also in the discharge of large quantities of polluted water. Given that water 

pollution imposes the greatest damage cost on the Indian economy (Brandon and Hommann, 

1995), it is easy to see how a subsidy on water can only further the problem. The most difficult 

connection is between the fertiliser subsidy and the impact on the paper mills. Given that almost 

a third of the paper production in India comes from mills based on agricultural residues, 

agricultural policies would have an impact on the quantities of inputs available for the paper mills. 

In this context, we now discuss the three subsidies.

Fossil fuel subsidies are granted for a variety of reasons - the most oft subsidised fossil fuel being
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coal. This generally stems from the fact that extraction of coal is expensive and there are high 

associated labour costs. If the environmental impact is also charged for, coal fares poorly in 

comparison to other fuels. Nevertheless, for political and economic reasons, coal enjoys subsidies 

in India (and the world over). While oil and gas are not really subsidised (LPG was subsidised in 

India until a couple of years ago), diesel and kerosene subsidies account for a major share of the 

total subsidies. The rationale for kerosene subsidies is that it is the fuel consumed by the poorer 

sections of society and hence the price needs to be held down. Diesel subsidies stem from the fact 

that kerosene can be used as a substitute, and so if the price differential is high, kerosene might 

be used as a fuel, eg.in trucks. This leads not only to a shortage of household fuel but also a more 

severe environmental problem. It is often argued that this subsidised fuel (kerosene) does not reach 

the rural poor but is reaped by the urban poor and furthers the pollution problems in the cities. Not 

only are the raw energy forms subsidised, but power, too, - the main beneficiaries in this case 

being the agricultural sector and the household sector. When looking at the agricultural sector, 

costs of delivery are exceedingly high and yet the prices charged, where possible, are so low that 

even operating costs are not recovered. Further such a subsidy benefits the rural rich who have 

access to electric gadgets and not to the poor whose demand is virtually absent. Mundle and Rao

(1991) estimate that the total energy and power subsidies by the central government in 1987-88 

was less than 8 % of the total subsidies granted (1% of GDP) and is characterised by rates of cost 

recovery of about 35%.

18% of the total water resources are withdrawn by the country annually (Xie, 1996). The 

overcentralisation of water schemes, of which the central subsidising also part, bears most of the 

blame for the inefficient use of water resources in the country. Serageldin (1994) mentions that 

investment in water and sanitation in developing countries accounted for 0.25% of GDP in the 

1960’s and for 0.45% in the 1980’s. While charging for water at its full cost has been supported, 

its application is limited. Most countries continue to price water as a free good, charging only for 

the costs of supplying it or, at times, even less. Unaccounted water (theft or leaks) can amount to 

about 25-35% of the total water supply in the three major Indian cities, and in two there is a 

subsidy element of 10-50% (Xie, 1996). Mundle and Rao (1991) estimate the irrigation subsidy 

in 1987-88 at 11% of the total subsidies granted and 1.6% of GDP. For the agricultural sector they 

estimate the rate of cost recovery to be around 2 0 %.

Fertiliser subsidies are aimed at poor farmers who are assumed to use these inputs in the growing 

of their crops. Further, cheap inputs in agriculture were assumed to lead to lower prices of
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essential goods/ food. However, modem inputs in agriculture are largely used by rich farmers. 

Further, since the inputs of fertilisers, pesticides, improved varieties of seed, etc. are used in 

tandem, the subsidies extend to all the inputs in farming. Such subsidies tend to increase the 

inefficiency of use of these inputs and to replace the more cheaper and traditional inputs. 

Pesticides and fertilisers, too, have an impact on the environment, which is furthered/ aggravated 

by their indiscriminate use. Gupta, Miranda and Parry (1996) estimate the total fertiliser subsidy 

in India in 1983 stood at 3% of GDP, and increased to 3.6% of GDP in 1986-87. In absolute 

terms, this increased from $582 mill in 1983 to $1501 mill in 1987. Mundle and Rao (1991) 

estimate that about 6 % of the total subsidies offered (or Rs.2.5 bill) went towards the fertiliser 

subsidy in 1987-88. Summarising their results in Table 4.15.1, we have

Table 4.15.1: Subsidy on economic services in 1987-88
(Rs.mill)

Rate of cost 
recovery(%)

Subsidy Subsidy/
total
subsidy(%)

Subsidy/
GDP(%)

Agriculture 2 0 . 8 69800 16.5 2.4

Irrigation 2 1 . 1 45740 1 0 . 8 1 . 6

Power and 
energy

34.9 32210 7.6 1 . 1

Industry 25.8 48790 11.5 1.7

Total
economic
service*

43.3 255640 60.4 8.7

* includes subsidies to transport sector, to communications and other economic services

Subsidies often emerge from a web of political, social and economic interactions and do not 

subject themselves to easy economic analysis. Subsidies often do not achieve the specific goals 

for which they were initially instituted. Further, most subsidies are granted generally, more 

targeting of the same might bring in better results. In the context of international trade, subsidies 

provide a short term relief/ improvement as cost reductions through subsidies could be offset by 

similar measures in other countries. Hence moving away from comparative advantage to 

competitive advantage could serve a useful end in maintaining a country’s relative advantage 

(Rosentraub and Przybylski, 1996).

In all, subsidies amounted to R s .l l 8  bill, in India in 1987-88, with the largest shares going to
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irrigation (38%) agriculture and allied activities (34%) and power transport and others (28%) 

(Mundle and Rao, 1991). In all subsidies were 10 times greater than transfer payments, with a 

large hidden component. Budget estimates of the amount of subsidies granted stood at 14% and 

even the broader defined national accounts estimate subsidies to be 28% of GDP. According to 

the estimates of Mundle and Rao (1991) this actually stands at 45% of GDP. While some 

inaccuracies could arise from the method of estimation and the definitions used, it nevertheless 

indicates the large volume of public spending that is directed in subsidies and, given that a 

substantial proportion is hidden, the extent of inefficiency that has arisen in the economy. An 

important factor to note in India is that several issues discussed come under the state list, implying 

that the states may also grant subsidies on certain matters. However, the central distribution is 

found to be inequitably distributed over states, the larger and higher income states (of the 14 

analyzed) pulling in the lion share (Mundle and Rao, 1991). This indicates a failure on part of the 

central redistributive scheme as states with higher revenue raising capability get more of the 

allocations. This presents a case for reduction in the overall level of subsidies, a greater 

transparency and more careful/ direct targeting of the subsidy schemes and plugging existing 

leakages.

4.16 Chapter summary

The preceding sections present a limited documentation of the environmental problems facing the 

country in spite of the extensive legislations to prevent such an occurrence. The data on the 

environment are limited, at times dated, and in several cases incomplete. But, nevertheless, they 

are the best available at the moment. The survey reveals the extent to which degradation of the 

environmental media has occurred in the country. It is uncertain whether such a situation is a 

consequence of the development process or a deliberate neglect of the environment'®^. Using 

Brandon and Hommann’s (1995) estimates, the combined damages from water and air pollution 

stand at US$6 . 8  billion or 2.5% of GNP in 1992. They conclude that water pollution damages are 

significantly larger than those of air pollution. This, in turn, supports the choice of the paper 

industry for the industrial survey, as this industry contributes significantly to water pollution. In 

all, it does appear that neither the (pollution control) boards nor the legislation have been effective 

in controlling pollution. The reasons for the failure of the boards could lie in inadequate

This could be a possibility that governments consciously ignore the environment in the initial stages of 
development and then, as incomes increase, the environment emerges as a major issue with adequate public 
support.
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infrastructural provision for administration, ineffective implementation of regulations, poor 

legislation or ill conceived policies. Mehta, Mundle and Sankar (1993) feel that it is not the 

regulatory regime that is to blame for the current state of the environment, but rather the lack of 

attention to cost minimisation in achieving the standards (water pollution) and the absence of a 

link between ambient and source standards (air pollution). Pearce (1996) points to an important 

lacuna in the current standards in developing countries - they tend to be copied from developed 

country experience with little attention being paid to their relevance in the country of 

implementation. Hence focusing on emissions that are a problem in developing countries, eg.India, 

and adjusting for source and ambient standards might prove to be more effective in controlling 

pollution.

The ineffectiveness of environmental legislation in India is a result of a number of factors: the 

narrow focus in approach; laws based on criminal and not tort liability; poor enforcement given 

the institutional set up and low levels of responsibility; indiscriminate granting and improper 

targeting of subsidies; and corruption undermining the enforcement process (the possible reasons 

for its emergence are discussed in chapter 3). Methods to correct for these limitations are detailed 

in the policy section.

Given that water pollution is a problem (Brandon and Hommann (1995) estimates) and that the 

Indian government sought to influence industrial location through industrial (see Appendix II) and 

environmental (see above discussion) policies, an attempt is now made to see how these factors 

operated when applied in practice, using the specific case of the paper industry in India.
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Chapter 5: A case study - the Indian paper industry

5.0 Introduction

This chapter has been divided into three sections. The first section reviews the paper industry, 

giving its production process and impact on the environment. The next section deals with the 

industrial survey, which is an attempt to determine the factors that affect location and expansion 

plans, pollution control costs and the attitude of the industry towards pollution control. The last 

section enumerates the results of the survey. But first we explain the choice of paper as an 

industry to survey.

5.1 Why paper?

Paper is a polluting industry based on natural/ agricultural products (for a production cycle 

analysis of the environmental impact of paper production see Appendix V). When considering only 

the air pollution indicators, in pounds (lbs.) per million output value, it is the third largest emitter 

of sulphur dioxide (SO;) and therefore correspondingly high emissions of nitrogen dioxide (NO;) 

and carbon monoxide (C 0)‘̂  (Hettige, et al, 1994). The same study places pulp, paper and 

paperboard as the largest discharger of biological oxygen demand (BOD) per million output value 

and the second highest discharger of total suspended solids (TSS). The table below looks at the 

all media toxic pollution intensity of manufacturing industry in India in 1992-93*° .̂ This measure 

enables the comparison of intersectoral environmental and health-related risks - the categories 

considered being acute human health and terrestrial ecotoxicity and acute aquatic toxicity.

This is indicated by the high rank correlation between the three pollutants.

Data for 1992-93 was used as it was the last reported year in The Statistical Outline 1995-96.
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Table 5.1.1: Pollution potential of production*

M anufacturing sector Total pollution 
(1 0 " lbs.)

Rank

Food products 249.4 1 0

Beverages, tobacco 11.5 16

Cotton textiles 902.2 4

Other textiles and products 263.1 9

Wood, furniture 37.9 15

Paper and printing 463.6 5

Leather and fur products 304.7 8

Rubber and petroleum 977.4 3

Chemicals, etc 9587.6 1

Non-metallic products 237.8 1 1

Basic metal products 4934.6 2

Metal products 449.9 6

Non-electrical machinery 305.8 7

Electric machinery 1 1 2 . 8 1 2

Transport equipment 54.1 14

Other manufacturing 96.1 13

using the exponential acute human toxicity intensity (Hettige, et al, 1994)

The above table provides a risk weighted measure of pollution intensity across manufacturing 

sectors in India. The risk weightings of the releases make the estimates upper bound measures. In 

some cases, eg.water pollution and PMIO (particulate matter less than 10 microns), the Hettige, 

et al (1994) suggest that lower bound estimates of pollution intensity are most representative. 

Further, Table 5.1.1 gives no indication of the total transfers and releases of pollutants. Medium- 

specific discharges provide both a better indication of the ecological stress and the health risks 

imposed, as well as an indication of the possible extent to which inter-medium substitution of 

waste disposal is possible within a given sector. Table 5.1.2 provides lower bound estimates of 

pollution intensity by each sector on the respective media.
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Table 5.1.2: Total emissions (by medium) in India in 1992-93*
(10" lbs.)

M anufacturing
sector Air Land W ater Total Ran

k

Food products 716.2 1275.4 51.0 2042.4 1 2

Beverages, tobacco 586.4 58.1 4.0 648.4 16

Cotton textiles 2051.1 1906.5 1045.3 5002.8 7

Other textiles and 
products

1369.5 231.0 18.6 1619.1 14

Wood, furniture 860.7 77.5 0 . 6 938.8 15

Paper and printing 14384.8 6630.4 4796.1 25811.3 4

Leather and fur 
products

4522.6 12123.2 2 1 0 . 2 16856.1 5

Rubber and petroleum 7556.0 31997.0 569.8 40122.8 3

Chemicals, etc 93144.7 323538.8 47058.3 463741.6 1

Non-metallic products 1755.6 2890.3 8 . 8 4654.6 8

Basic metal products 13893.6 79640.6 4938.3 98472.4 2

Metal products 2593.6 3167.8 87.0 5848.3 6

Non-electrical
machinery

2783.5 1252.2 8 8 . 1 4123.8 9

Electric machinery 2300.7 1136.8 11.9 3449.4 1 1

Transport equipment 2641.7 1416.9 1.5 4060.2 1 0

Other manufacturing 1254.1 571.8 10.4 1836.2 13

estimated using lower bound pollution intensity of production by medium (Hettige, et al, 
1994)

A comparison of tables 5.1.1 and 5.1.2 reveal that the ordering of industries by the exponential 

human toxicity intensity differs marginally from that derived from the pollution by medium. 

However, the top- and bottom- most industries more or less hold their relative places.

The above estimates cannot be held as absolute values for the pollution intensities from 

manufacturing industry in India. The data for output value from manufacturing for India was more 

aggregate than that provided in the Industrial Pollution Projection System (IPPS) report. Hence 

the value for the closest International Standard Industrial Classification (ISIC) sector was applied. 

Further, the IPPS data are based on the value of production output data for the US. This creates
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two problems. One is that data for the US cannot be applied easily to a developing country since 

production techniques in the two countries vary greatly. Further, the number of small scale 

businesses in developing countries tends to be high so small polluters with relatively small 

discharges of highly toxic/ untreated wastes tend to be overlooked. To that extent, the figures are 

underestimates. Another problem associated with the use of the IPPS data is that pollution 

intensities are reported lbs. per unit monetary output value. This introduces errors in terms of 

exchange rates, price comparability over countries, costs of production and value of the final 

product. If the US specialises in the production of high quality paper the process requirements 

differ to that of low quality paper, and this variation in product mix tends to be glossed over when 

applying US data to India. Hettige, et al (1994) defend the use of value of output on the basis that 

output in physical units is reported in a variety of terms making strict comparability a problem. 

Further, the IPPS estimates themselves were derived from the merging of five different databases, 

where strict matching was also a problem. Limitations to the system are discussed in Hettige, et 

al (1994).

However, despite these limitations, tables 5.1.1 and 5.1.2 do indicate the possible extent of 

pollution and help identify the principal offenders. While not an estimate of the level of pollution 

nor the exact scale of the problem, it helps in providing a ranking of industries and aids in policy 

to the extent that it helps identify sectors where environmental action plans are imperative; these 

being chemicals, basic metal products, rubber and petroleum, paper and printing, and leather and 

fur products. The exponential acute human toxicity index identifies cotton textiles, too, as one of 

the principal offenders. The results are interesting since chemicals are rarely identified as the 

primary polluters in the economy - but based on the tables it can be seen that investments in 

(further) pollution control in this sector might yield substantial benefit. Another surprising result 

is that of fur and leather products. While leather production in India is known to be polluting, its 

production is characterised by small scale dispersed units, discharging small amounts of highly 

toxic wastes. However, from the tables it is clear that this is another sector where environmental 

action plans might prove to be beneficial. Using the costs of clean-up concomitantly with the 

above ranking, least cost abatement strategies for the manufacturing sector can be derived.

However, what is clear is that paper is a major polluter. The industry is ranked fifth by the 

exponential human toxicity intensity of production and fourth by total lower bound pollution. 

When looking at the individual medium, paper is the second largest contributor to air pollution, 

the third largest to water pollution and the fifth largest to land pollution. This helps in arriving at
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at least one policy conclusion: when focusing on the paper industry, the water and air discharges 

need to be controlled on a priority basis.

5.2 The Indian paper industry

5.2.0 The paper industry

Paper making is an ancient art that existed in the country in 327 B.C. The first paper mill in India 

was set up in Calcutta in 1870, utilising locally available raw materials. The growth in the initial 

period was slow; partly due to the partition of Bengal in 1907, which lead to a decrease in 

available supplies of bamboo for pulp; and shortfalls in pulp making capacity, availability of paper 

machinery and newsprint capacity. Only after protection was granted to the industry in the 1920’s, 

that a marginal reversal of the trend was witnessed (Mukherji, 1985).

The industry is an energy intensive one, with environmental impacts at all stages of production. 

Raw material/input costs account for 65-70% (Industrial Credit and Investment Corporation of 

India (ICICI), 1995) of the value of production, with energy accounting for 15-20% of the total 

production costs. Expenditure on fuel, as a percentage of output, is estimated at 11.1% and as a 

per cent of value added, 56.7% (TERI’s Energy Data Directory and Yearbook, 1994/95). The 

specific energy consumption varies from 7.3 Gkal to 13,2 Gkal per tonne of paper (TERI’s Energy 

Data Directory and Yearbook, 1994/95). The most widely used energy form is coal, followed by 

electricity (generally purchased; sometimes partially self-generated) and thermal energy.

The industry faces high capital and input costs. The erratic supply of power, coal shortages and 

inadequate/erratic supply of raw materials contribute to low capacity utilisation levels in the 

industry.

5.2.1 History

Since Independence, most of the development of the industry has occurred under private initiative. 

For the entire period, demand has almost always outstripped supply, especially for some types of 

paper like writing, printing or newsprint. Output prices were generally high due to supply 

shortages created by inadequate investments in new capacity. Producers claimed that this was 

caused by low profitability in the industry. In an attempt to overcome this deficiency, the 

government stepped in, setting up the Hindustan Paper Corporation (HPC) in the I970’s, with the
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objective of creating new capacity for production of all kinds of paper, including newsprint.

Mukheiji (1985), however, feels that the slow rate of growth in the seventies was not due to low 

profitability, as he indicates from the following table

Table 5.2.1: Profitability in the industry

1968-69 1974-75 1975-76 1976-77 1977-78

Gross profitability 5.7 22.4 17.7 - -

Net profitability 16.4 9.1 10.5
Source: Mukheiji, 1985

He is of the opinion that this (slow growth) was a consequence of long gestation periods and high, 

and increasing, capital costs of the new plants. Due to the high upfront investments, capacity 

creation was possible only from a few large industrial houses; and these houses were denied 

expansion by the Monopolies Conunission. In cases, this even lead to capital flight (Mukherji, 

1985; Wyman, 1995). On the other hand, the government failed to control cartel-type activities 

by the producers. Tacit collusion between major producers in manipulating the market was 

reported. The black market for paper actually emerged when there were no restrictions on the 

production, price and distribution of paper.

Despite government intervention in setting up capacity, demand continued to outstrip supply. In 

order to overcome the shortage in supply, the government embarked on a scheme to induce private 

operators to set up capacity in the early eighties. However, capacity could not be unconstrained 

in terms of the raw material it was to be based on, since the industry already faced a shortage of 

fibrous raw material. The government, therefore, announced a scheme for the establishment of 

small units using more than 70% unconventional raw materials as the basic input. The underlying 

conviction was that small units would require less capital, would be dispersed over the country 

using locally available raw materials and would provide employment to the local population. The 

incentives offered covered: lower import duties on second hand equipment brought into the 

country; capital being made available at low rates of interest and with long amortisation periods; 

tax exemptions (no excise duty) for the first eight years of operations; lower charges for water and 

electricity, etc. This spurred investment in agro-based and waste paper based units, with average 

capacities of 30 tpd.
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The problem was that small referred solely to the size of the operations and not to their economic 

viability. The equipment imported from abroad were for production based on wood pulp. 

Entrepreneurs ended up wasting a lot of production time modifying the system in order to adapt 

it to the needs of agricultural residue pulps (which contain higher moisture levels; with the paper 

machines requiring longer wire mesh areas and greater drying capacities). This created delays in 

capacities actually becoming operational, and with that came the associated cash flow problems. 

This led to several units declaring themselves as sick, requiring the injection of further capital to 

revitalise them. Another problem was that several entrepreneurs, in order to get the best prices, 

actually bought broken down units. This implied that there was a mismatch of capacities of the 

various sections of the plant (Rao, personal discussion). Some entrepreneurs took this ‘incentive 

skimming’ to the limit and instead of setting up a single plant with a 1 2 0  tpd capacity, they set 

up three 40 tpd units; thereby negating any economies of scale that could have been possible. 

Further, due to the fact that chemical recovery was not possible, given the size of operations, the 

government set more lenient standards for the discharges from agro-based plants; thereby creating 

an environmental problem. It must also be remembered, that for increases in capacity, the cost 

increases but at a decreasing rate**̂  and hence, the smaller the size of the plant, the greater is 

the proportion of deadweight'®’.

The overall trend in the industry can be seen from the following table

Typically, costs increase at a rate o f 2®''° (N.J.Rao, personal communication). 

Those activities that are fixed, regardless of the size o f the plant.
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Table 5.2.2: Trends in the paper industry

Year No. Rated
capacity
(Mt.)

Production
(Mt.)

Capacity
utilisation
(%)

1950/51 17 0.137 0.116 85

1955/56 2 1 0.186 0.185 99

1960/61 25 0.4 0.345 8 6

1964/65 52 0.644 0.539 84

1970/71 57 0.768 0.759 99

1974/75 74 1.042 0.829 80

1980/81 135 1.65 1.145 69

1984/85 271 2.655 1.50 57

1990/91 325 3.304 2.065 63

1991/92 326 3.364 2 . 1 1 1 63

1992/93 340 3.551 2.128 60

1993/94 372 3.790 2.329 62

1994/95 380 3.954 2.510 64

As can be seen the capacity utilisation figures have been decreasing over the years. This drop has 

been noticeable ever since the smaller agro-based and waste paper based units came into operation. 

In 1992, 90 units, accounting for 24% of the installed capacity, were closed; most of them being 

waste paper based units (Piare Lai, 1993). Further, at a time when the world trend is towards 

larger sized plants, attempting to reap the associated economies of scale, in India the trend has 

been just the reverse. The average size of Indian plants have been decreasing over the years 

(Agarwal, 1993). Worldwide, the trend has been towards the closure of small paper mills; a 

consequence of non-availability of raw materials, pollution control measures and uneconomic 

(recessionary) environments (Kothari, 1995).

The beginning of this decade was rather pessimistic for the industry, as can be seen from the 

following table
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Table 5.2.3: Financial status of the industry

(%)

Indicator 1989-90 1990-91 1991-92 1992-93

Sales 38.7 17.7 2 0 . 6 11.9

Cost of production 30.8 19.1 21.3 15.9

Gross profit 113.7 27.4 18.6 (-)5.2

Net profit 34.2 37.5 53.3 9.4

Return on capital 
employed

19.1 18.2 17.8 1 1 . 8

Debt to equity ratio 0.97 1 . 1 1 1.23 1.35

Current ratio 1 . 2 2 1 . 1 2 1 . 2 0 1.35
Source: Banthia, 1992

It is clear that profitability had been eroded due to production levels being higher than what could 

be supported by an economy in transition, facing slow industrial growth, and by cost increases. 

The debt content in capital increased, leading to higher servicing expenditures. Sector-wise analysis 

of production in the corresponding period (Table 5.2.4) reveals no addition to capacity in the wood 

based sector.

Table 5.2.4: Production shares in the industry

(million tons)

Sector 1990-91 1994-95

Wood 0.99 0.95

Agro 0.65 0.91

Waste 0.42 0.65

Total 2.06 2.51
Source: Indian Paper Makers Association, 1995

Much of this (non-expansion) stemmed from the extreme raw material shortage facing all the wood 

based units in the country. Kothari (1995) writes that there have been no new additions to wood 

based capacity for the last two decades. He attributes this to lacunas in forest management, an 

unsuitable forest policy and the Land Ceiling Act, which prohibits industries owning plantations. 

This had repercussions on the overall quality of paper produced in the country, wood based 

production yielding a product with greater value added; on the overall energy consumption level 

in the industry, the larger units reveal lower specific energy consumption levels (Table 5.2.7
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below); and on the environment, the possibilities of control of pollution being easier in wood 

based plants where technology from its control exists. Most of the expansion in the early 1990’s 

has been in the agro and waste paper based industries.

The last year has shown the benefits of the economic liberalisation that began in the end eighties. 

Industrial growth, which had lagged overall growth, caught up and overtook it (Economic Survey, 

1994-95). This implied an increased demand for paper by industry for packaging, etc.

The unfortunate fact is that little research and development was carried out by industries, when 

they first became aware of the constraints on the raw material side. Given that the industry is a 

capital intensive one, it lay mostly with the large industrial houses to go in for R&D activities. It 

was only when the government granted income tax relief to the industry on investments made for 

R&D activities that the industry adopted some measures, but was not followed through seriously 

(Kothari, 1995).

At the moment, the Indian paper industry is a pot-pourri of firms of various size; with none 

comparable to sizes seen in other countries. While the market for paper is growing it is also 

fragmented and hence small producers are likely to continue to exist (Wyman, 1995). Kothari 

(1995) feels that their continued existence has been due to the closure of small mills in some 

countries, which created a supply shortage in the world market. Technological obsolescence 

continues to hamstring the industry. Nearly a third of the production that is based on agricultural 

residues have no chemical recovery, contributing to the environmental problems in the country.

5.2.2 Government policy

Overall, the government followed a liberal policy towards the expansion and diversification of the 

industry. Licences were easily available. Today, while the waste paper and agro mills in the 

industry do not need licenses, the large wood-based units still do. Overall, there has been a 

persistent trend towards decreasing the controls imposed on the industry in order to build up its 

cost competitiveness.

In an attempt to help the industry overcome the raw material problem it faces, the government has 

allowed the import of wood pulp and waste paper under "open general licence", ie.no import 

licence is required, and a low rate of customs duty applies. Further, it has exempted units based 

on a minimum of 75% pulp from agricultural residues, bagasse or non-conventional raw materials.
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from industrial licence requirements. Excise duty on such paper produced is levied at a 

concessional rate of 5%. For mills based on 50% pulp from non-con ventional raw materials, 

concessional excise duty at the rate of 15% for large mills and 10% for small mills is levied.

New policies

Most of the controls have been removed, import duties reduced and a softer attitude towards 

industrial plantation policy adopted (Rao, 1995a). The 1994-95 budget reduced import tariffs from 

85% to 55% on equipment and machinery; from 55% to 25% on spares and components; and from 

20% to 10% on waste paper. Interest on borrowings was decreased by 2% and duty free imports 

of inputs were permitted against export production. Duty stmcture for paper and board was 

rationalised. Import duty on paper was reduced from 65% to 40%. It is hoped that these measures 

will improve the cost competitiveness of industry. Paper made from agricultural residues continues 

to have concessional excise.

Acceding to the fact that pollution from the industry was severe, the government has offered 

several incentives to the industry for investments made in this field. Currently, there is financial 

assistance available (soft loans) for investment in chemical recovery systems for black liquor 

(Bangur, 1994). Further, all pollution control equipment is subject to 100% depreciation in the first 

year plus a concessional customs duty of 40%.

5.2.2.1 Pricing policy

Initially, the government carried on with the policies adopted by the British, which included 

control over both the input and the output prices through tariffs/ duties/ excise. All wood had to 

be bought from the state governments, which were responsible for the harvesting of the forests in 

the state, at government controlled prices. Output price, too, was controlled to the extent that a 

portion of production had to be sold to the government at levy price; the levy price being far 

below the price they could command in the free market. Between these two fixed points, the 

industry was free to operate.

Subsequent to the price structure modifications in the 1970’s, the levy price for paper was 

withdrawn owing to the governments’ concern at the lack of new investment in the industry. Thus, 

while the output price was (largely) no longer controlled, control over the input prices continued 

in terms of government fixing the price for wood’®*. Currently, the restrictions have been further

However, the price o f some part of the output continued to be controlled.
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withdrawn and most firms enter into the free market when bidding for their supplies of wood. 

Where state supplies of wood are available, these are preferred as they are generally cheaper than 

the going market price. Mukherji (1985) feels that the royalties in 1980 neither covered the costs 

of forest administration nor renewal nor afforestation, and hence, was equivalent to a subsidised 

raw material.

5.2.3 Geographical distribution

At the time of Independence, the industry was largely located in the east, ie.in Calcutta, 

Dalmianagar, and Brajranagar. There was also a small cluster in western Maharashtra. Between 

1950-65, the core of the industry developed around Calcutta, Titanagar and Dalmianagar. Small 

clusters emerged in Uttar Pradesh (Saharanpur) and Punjab (Yamunanagar, Ballarpur and 

Kagaznagar). Blocks were also found in Tamil Nadu, Karnataka and Gujarat (Patni and Hajra, 

1969).

For all locations together, between 1950 and 1965, the larger mills lost share to the smaller and 

new locations. For the older units, the larger ones lost share to the smaller ones (Patni and Hajra, 

1969). The trends towards concentration between 1950 and 1965 could be attributed to the 

availability of bamboo; the existence of established production centres with transportation 

networks; the existence of established demand centres, which increased their demand and the range 

of products demanded; the emergence of smaller units around consumption centres, re-using waste 

paper; and expansion of existing facilities. During the corresponding period, the forces towards 

dispersal could be listed as spread of the bamboo growing area; state government policies for 

long-term leases of forests plus guaranteed prices of wood; development of power supply in the 

rest of the country; the development of alternative raw materials; emergence of new demand 

centres; increased capacity utilisation leading to a decrease in costs and hence to a spreading of 

facilities.

A summary of regional capacities'®^ over the years is presented in Table 5.2.5 below.

The regions are as those defined by the Pollution Control Board: the states o f Jammu and Kashmir, Himachal 
Pradesh, Punjab, Haryana, Rajasthan, Uttar Pradesh, and the Union Territories o f Delhi and Chandigarh, 
together comprise the Northern region; the states of West Bengal, Bihar, Orissa, Sikkim, Assam, Meghalaya, 
Manipur, Tripura, Arunachal Pradesh and Mizoram comprise the Eastern region; the states of Andhra Pradesh, 
Tamil Nadu, Kerala, and Karnataka comprise the Southern region; and the states of Maharashtra, Gujarat, 
Madhya Pradesh and the Union Territories of Goa, Daman and Diu and Dadra and Nagar Haveli make up the 
Western region.
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Table 5.2.5: Regional dispersal of capacities

(in ’ 0 0 0  t)

Year North South East West

1951 14.9 15.5 42.5 65.1

1955 24.5 34.6 131.1 19.9

1961 57.3 83.94 227.45 41.31

1965 80.06 172.7 179.62 238.11

1979 270.06 870 461.5 616.36

1980 313.26 897.15 461.5 716.26

1984 615.91 1141.85 471.7 927.06

1991 754 854 790 906

1995 998.88 1482.78 606.97 1482.78
Source: compiled from Indian Agro Paper Mills Association, 1995

As can be seen the relatively agriculturally predominant regions in the country, ie.the West and 

South, fared much better subsequent to the government policy favouring non-conventional residues 

as inputs into the paper industry. The West set up a number of small paper mills based on bagasse 

adjacent to the existing sugar mills. The South had emerged as a major rice and sugar producer 

and some of the state governments adopted a strong industrialisation policy. Both factors, in 

tandem, aided in the rapid expansion of the paper industry in this region. The North, an 

agriculturally rich region, too showed growth, though not as spectacular as the other two regions. 

This could stem from its smaller base prior to the incentive period. Current (1992) distribution of 

capacity can be seen in Figure 5.2.1 on the following page.

5.2.4 Capital requirements

The industry is a capital intensive one, with currently a substantial portion of the investment being 

for pollution control equipment.

Estimates of the capital requirements of the plants vary greatly. Sell (1981) estimates that the 

capital requirements for a Kraft based 1000 tpd plant is $4.6 million, with annual operating costs 

of $0.31 million for air pollution control only. For the mill to meet all environmental standards 

this amount could increase to $11 million. Elmore (1993) reports that this amount has increased 

from $80,000-120,000 per tonne produced daily in 1965 to $500,000-600,000 per tonne of product 

produced daily in 1993. Most of the increase is accounted for by pollution control costs.
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Figure 5.2.1: Distribution of productive capacity (1992)
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5.2.5 Production technology

Broadly, the paper manufacturing process can be divided into two distinct sub-processes, the 

pulping process and the paper making process. It is the pulping process that is responsible for a 

major part of the pollution generated by the industry.

5.2.5.1 The pulping process

The raw material (wood, bamboo) is debarked either manually or automatically; washed and cut 

into chips by a chipper. In case a non-wood source is used (grasses, agricultural residues), there 

could be combined washing and de-pithing of the raw material. The material is then fed into 

digesters - the feeding could be mechanical or chemical, depending on the degree of automation 

adopted by the firm. In the digesters, chemicals are added to aid in the breaking down of the fibre 

into its constituents - cellulose and lignin. Depending on the pulping process adopted, the 

chemicals added could be sodium hydroxide and sodium sulphate (the sulphate or Kraft process) 

or sodium hydroxide and lime (the soda process). Digestion generally takes 4 hours and is 

conducted under conditions of high temperature and pressure.

The digesters are generally cleared under pressure conditions and the pulp is sent to the blow tank. 

On the way it is screened for knots and other undigested material, which are returned to the 

digester. Accepted pulp passes through a series of drum washers and centrifugal screens to wash 

off as much of the black liquor as is possible and to screen out dirt and other unwanted material. 

The accepted pulp is sent on for bleaching - the first stage is generally a chlorine bleach (in India) 

and is to whiten any remaining lignin present. Multi-stage bleaching is adopted, with a wash in 

between each bleaching stage. Bleached pulp is washed once more before being sent to the paper 

making section of the plant.

The collected (dilute) black liquor is sent to a recovery boiler where it is concentrated to over 65% 

solids and then burnt. The molten residue is dissolved in water to give green liquor. This is then 

reacted with lime to return the original chemicals added at the digester. The spent lime or lime 

slag is burnt in a kiln to recover the lime and the water generated can be reused in the process. 

It is this recovery stage that poses a problem in agro-based units. Due to the high concentrations 

of silica in the black liquor (the silica coming from the straw), it is impossible to concentrate the 

liquor to the required level. Due to a lower calorific value, the liquor does not bum properly and 

therefore the yield of the chemicals is not only lower but is also contaminated with silica, which 

makes them non-reusable. Research is underway in India to determine the most acceptable method
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to recover the chemicals. At the moment, there are three such projects that are functioning at pilot 

plant levels. It is this non-recovery of chemicals that not only makes agro based projects 

comparatively less viable but also brings them in direct confrontation with the Pollution Control 

Board for discharges exceeding the permitted levels.

5.2.52 The paper making process

The pulp that reaches the paper making section of the plant is diluted and chemicals are added in 

order to prepare the 'furnish'. The chemicals added now are primarily to give certain desired 

characteristics to the paper, ie.non-porosity, non-smearing of ink, strength, etc., and include 

additives such as alum, rosin, talc etc. At this stage dyes can be added, if coloured paper is the 

required output. The furnish is further diluted to less than 1% solids and sent to the head-box of 

the paper machine. The paper machine comprises a moving wire mesh that removes much of the 

water and then a series of rotary driers. These rotary driers not only dry the paper to the required 

level but also contribute towards characteristics such as strength due to the variable speeds at 

which they run.

The roll of paper that is formed at the end of the machine is then re-rolled and sent to the cutting 

machine, if required or simply rolled as per the order. In the case of speciality papers, the roll may 

be sent to a calendering or super-calendering machine or to a coating machine.

The average performance norms for the industry in India are summarised in Table 5.2.6 below.
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Table 5.2.6: Performance norms* (1992 operational param eter)

(per tonne paper produced)

Input Unit Large
integrated
(range)

(average) Small Agro 
(range)

(average)

Raw material t 1.48-3.5 - 2.25-5.5 -

Caustic soda kg 13.4-131 55.8 124-250 187.9

Salt cake kg 20-72 42.6 - -

Lime kg 200-615 339.1 56-530 213.6

Chlorine kg 20-156 68.9 85-262 145.5

Alum kg 35-153 66.9 45-135 65.8

Rosin kg 7-12 9.6 2.5-17 8 . 8

Water m' 161-400 277.8 90-392 208.5

Steam t 6.4-20.5 1 0 . 1 3.3-7 5.8

Power kWh 1193-2311 1579 841-2649 1287

General 
power/ total 
power

% 26.6-71.4 47.4 9.1-66.7

Source: Rao, 1995

Energy consumption levels depend on the capacity, type of process and equipment, the quality of 

raw materials available, the age of the mill, the quantity and quality of energy supply, the capacity 

utilisation ratio and the output/product mix.

Energy consumption norms in Indian paper industry are provided below
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Table 5.2.7: Energy consumption norms in the industry

Finished product paper mill Specific steam
consumption
t/t finished product

Specific power 
consumption 
kW h/t finished 
product

W riting and printing paper

Large integrated mills (almost 100% 
wood pulp based sulphate process)

9.00 1400

Small and medium (agro based) mills 5.75 1 2 0 0

Small and medium (waste paper 
based) mills

2.80 700

K raft

Large integrated mills (sulphate 
process except bleaching)

8.60 1280

Small and medium agro based mills 
(65% bagasse, 10% gunny, 25% waste 
paper unbleached kraft)

4.10 650

Small (waste paper based) mills 2.30 550

Board

Large integrated mills (60% waste 
paper, 40% hard wood)

7.00 1175

Medium (waste paper based) mills 2 . 2 0 615

Small (waste paper based) mills 2.40 685

Newsprint

Large integrated mills (with 100% 
wood pulp)

4.72 2230

Large integrated mills (with 20% 
imported pulp)

4.72 1825

Series, The Paper Industry, 1995

For a typical 100 tpd integrated pulp and paper mill using bamboo/wood, the paper machine, stock 

preparation, boilers (including water treatment) account for 25%, 18% and 14% respectively of 

the total (1501 kWh/t) power requirements (Rangan, 1995). The primary areas of steam 

consumption are the paper machine (34%), the pulp mill (25%) and the evaporators (20%).

Correspondingly, in a small paper mill (30 tpd), the primary consumers of steam are the paper
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machine (50%), and the pulp mill (29%), accounting for nearly 80% of the total 5.2 t/t paper 

produced. The principal power consumers account for 95% of the total 1200 kWh/t paper produced 

and are the paper machine (27%), utilities and others (25%), the pulp mill (24%) and stock 

preparation (19%).

As is obvious, the paper machines and pulp mills account for most of the energy consumption in 

a pulp and paper mill, regardless of its size. Further, it can be seen that the smaller plants are 

relatively more energy intensive as compared to the larger ones. Nevertheless, the industry in India 

reveals higher energy consumption norms than some of the industrialised countries; even when the 

comparison is restricted to only large wood based plants. Reasons for this high(er) specific energy 

consumption could be

- the continued use of old inefficient boilers in several plants

- poor heat recovery systems

- low efficiency turbines

- poor quality coal

- low capacity utilisation of turbo generation sets

- frequent interruptions to power, coal and oil supply

- poor condensate recovery

- low overall capacity utilisation

- large proportion of production accounted by the small producers which are not the most 

efficient

The overall potential for energy conservation is rated at 20-25% for the industry (TERI’s Energy 

Data Directory and Yearbook, 1994/95). Non recovery of caustic soda increases the off-site energy 

consumption. Recovery of black liquor, too, can improve energy consumption norms.

5.2.5.3 Discharge standards for the industrv

The Central Pollution Control Board (CPCB) has been charged with the responsibility of setting 

emission standards for all industries in the country.

The Board claims that the Minimum Acceptable Standards (MINAS) are set after considering the 

practical difficulties, limitations, techno-economic feasibility and the economic impact on the 

industry. The factors considered while setting standards for the pulp and paper industry were (a) 

the characteristics of the effluents from small paper and pulp mills, without chemical recovery 

systems; (b) the achievability and techno-economic feasibility of various wastewater treatment
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alternatives; (c) the maintained ratio of annualized costs to turnover of the industry. Further, since 

at the time of fixing the standards, no suitable economic treatment system for the removal of 

chemical oxygen demand (COD) and colour/lignin were available, no standards were fixed for 

these effluents. It is recommended that when such systems became available, new standards should 

be set.

Discharge limits for liquid effluents from any plant have been specified by the CPCB as in Table 

5.2.8

Table 5.2.8: Effluent characteristics from large plants

Characteristics Inland surface 
water

On land Small scale 
industries

pH 5.5-9.0 5.5-9.0 5.5-9.0

Suspended solids 1 0 0  mg/ 1 1 0 0  mg/ 1 250 mg/1

Bio-chemical oxygen 
demand

30 mg/1 1 0 0  mg/ 1 150 mg/1

Sodium absorbtion ratio - 30 -

These are limits for large mills. For the small units this reads as given in Table 5.2.9 as 

Table 5.2.9: Effluent characteristics of small plants

Param eter Concentration

pH 6-9

Suspended solid 1 0 0  mg/ 1

Bio-chemical oxygen demand 50 mg/1
Source: CPCB, 1995

Additionally, emissions standards have been specified for recovery boilers (Table 5.2.10) in large 

paper and pulp units.

Table 5.2.10: Emission standards for large plants

Param eter Emission limit (mg/Nm^)

Particulate matter 250

Hydrogen sulphite 1 0

Source: CPCB, 1995
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As can be seen these standards are identical to those laid down by the Environmental Protection 

Agency (EPA). The emissions are in terms of unit output produced, implying the greater the 

production, the greater the permitted emissions (Laplante and Rilstone, 1996).

Compared to the standards set, the typical discharge quantities of solid and liquid wastes from 

large and small units in India are

Table 5.2.11: W ater pollution loads per tonne paper produced

Discharge Unit Agro mill (without 
recovery)

Wood based 
(with recovery)

Volume m' 2 0 0 130

Total solids kg 680 195

COD kg 500 80

BOD5 kg 160 2 0

Organics kg 350 40

Sodium kg 90 2 0

Source; IClCl, 1992

Table 5.2.12: Solid wastes generated, kg/t paper produced

Source Large plant Small plant

Raw material preparation 45 210-550

Hydro preparation 2 0 -

Recausterising lime mud 593 -

Boiler ash 656 1300

Primary sludge 84 116

Secondary sludge 16 105

Total 1507 1731

% organic solids 16 25 (35)

% inorganic solids 84 75 (65)
Source: Rao, 1995b

The small units exceed CPCB standards for both TSS and BOD5. The larger plants exceed the 

standards for TSS, but are within those set for BOD5.
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5.2.6 Problems faced by the industry

Despite low profitability and repeated losses (as indicated in Table 5.2.3 above), applications for 

new capacity continued unabated. The main reason for this lay in the fact that demand has 

persistently outstripped supply. In order to help overcome the situation, the government offered 

a number of relief measures to the industry, which include liberalisation of pulp import; excise 

relief for the use of unconventional raw materials; import duty waiver for use of waste paper; 

special incentives for the use of bagasse.

The first solution relates to the most basic problem facing the industry at the moment, ie.the 

limited availability of reasonably priced raw materials (Wyman, 1995), especially forest material. 

The solution of granting lands to industrialists for afforestation has not found widespread support 

with the government due to afforestation policies, land ceiling Acts, etc. This scarcity has limited 

the optimal size of the plant, denying the industry the benefits associated with economies of scale 

in production. It has also led to the production of lower quality paper implying lower value added 

and, hence, lower realisations. These measures have affected the industry severely. As of today, 

no industrial plantations have been allowed, denying the industry the possibility of securing (and 

managing) its own supplies of raw materials. While imports of virgin pulp have been allowed, this 

is under strict controls. The level of duty on waste paper has been lowered, though not abolished. 

Licences for its import, however, have been removed.

Related to the above is the problem of low capacity utilisation. This arises mainly due to shortages 

of raw material, coal and power and the existence of transport bottlenecks. The overall scarcity 

has led to an increase in price of raw materials, and hence to increases in the prices of paper. 

Further, the process is energy intensive, consuming 3-41 coal/ 1  paper and 1200-1700 kWh power 

depending on the type and quality of the paper. Frequent power cuts cause disturbances in 

production and affect the quality of the paper produced. The chemicals used by the industry, too, 

are energy intensive in their production and have displayed an alarming rise in prices in the last 

few years. Labour costs, too, have been rising and the industry is facing increasing problems with 

their retrenchment. Fears of cost push inflationary trends in the industry are widespread and not 

totally unfounded. 1994-95 saw a 22-25% increase in paper prices.

Another major problem facing the industry is that of technological obsolescence. Given that it is 

a capital intensive industry, huge injections of capital would be required to get the industry upto 

a level where it has the technological capability to meet global competition. To this extent.
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government policies on import duties, rate of interest, etc. would have a significant bearing on the 

cost. An associated problem relates to the long delivery schedules faced by the industry for 

equipment, both imported or domestic. The barriers to the adoption of new technology could be 

described as

a) a mismatch in the scales of operation, if control technology used in large mills is scaled down 

and losses in efficiency would arise. Hence, at the international level the Indian industry and, 

within India, the small mills would have to initiate their own action plans for environmental 

control

b) high import duty (40%) on equipment

c) capital intensity of investment. This implies that the industry would have to look for finance 

capital at a low rates of interest. While tax incentives to small firms are in place, bank rates of 

interest continue to be high.

One of the last problems to be mentioned is that of pollution. The industry is classified under the 

17 major polluting industries in the country. Barriers to the adoption of pollution control measures 

lie in their high costs, which can account for upto 30% of the investment costs; the small average 

size of plants, which makes it uneconomic to recover chemicals; the non-existence of proven 

technology for the efficient recovery of chemicals from agricultural residues.

Overall, the industry is a highly fragmented one, using a multitude of raw materials in plants of 

various sizes. The small agro mills are not performing well despite the numerous concessions 

offered by the government. This is mainly due to time and cost overruns that have occurred in 

their establishment, limited managerial capabilities, technical problems associated with the adaption 

of the second hand machinery imported, absence of chemical recovery systems and marketing 

problems. Most of the industry is based on outdated technology thereby creating their own 

inefficiencies.

5.2.7 Suggested policy for improving the performance of the industry

The paper industry is a core industry and is growing fast. The increasing prices of inputs, such as 

power, chemicals, pulp and raw materials, pose a threat by eroding the profitability of operations. 

With the right investments, modernisation of production technology and tuning of government 

policy to the needs of the industry, it is possible that the industry survives and grows. Below are 

enumerated some measures that could help alleviate the pressure on the industry and support its 

future growth. They are a compilation of suggestions put forward by several businessmen, either
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during personal discussions with them or in publications.

5.2.7.1 Industrial plantations on degraded land

At the moment the country has more than 130 Mha. of wasteland, of which degraded forest land 

comprises 30 Mha. The paper industry is of the opinion that a tenth of this degraded forest land 

would be sufficient to meet its needs. While the technicalities need to be worked out*’®, the 

government vacillates on whether to accede to this request of the industry or to follow the line of 

the environmentalists. The environmentalists reject the suggestion on the grounds of it being 

environmentally unfriendly leading to further degradation of the land, plus a restriction on the 

traditional uses of the forest. They fear that this could lead to a disappearance of traditional 

grazing grounds of the majority as well as cause a shift in land cultivation patterns ie.moving from 

the relatively lower value added uses of agriculture to forestry. The industry refuses to commit 

itself to any further ‘social services’ such as the growing of grass between the trees and delivering 

it to cattle owners so as to compensate for the loss of grazing land.

5 2 .1 2  Land ceilings

The next suggestion put forth by the industry is the removal of land ceiling restrictions. If this 

were done, the industry would be able to buy land and set up their own plantations. This, however, 

appears to have more serious ramifications than the earlier suggestion as this could lead to a shift 

of productive agricultural land for commercial plantation purposes. Such a substitution might not 

be preferable. Further, such a policy would be in direct confrontation with the objectives at the 

time of Independence.

5.2.V.3 Assistance from Financial institutions

The financial institutions have been involved with the development and growth of the industry 

from its very inception. Their assistance is sought in the revival of sick units and in the expansion 

of small units to an economic size. Needless to say, such investments should follow a rigid 

economic appraisal. Revival of sick units is important as they comprise sunk investments and, 

given the high investments required in the industry, it might represent an easier method of

no The suggested conditions are 20% of the leased land to be a bio-reserve with a large number o f species grown 
and is to be set aside; 5% of the remaining land to be cultivated for the government so as to allow the 
government to meet its social goals; the harvest from the remaining land is for the industry and must contain 
a minimum o f 2-3 species o f wood and is to be harvested sustainably, ie.not more that 15% in any one 
particular year. At the end of the lease period, the land is to be handed back to the government fully forested. 
The industry feels that the minimum period must be three cropping cycles, ie.30 years, with 40 years is an 
acceptable length.
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increasing capacity along economic and environmental lines.

The modernisation needs of the paper industry varies according to the raw material used in 

production. For wood based mills, the main areas are energy conservation, quality upgradation and 

pollution control; while for the smaller, agro based units, the focus area is pollution control. The 

overriding question is how to generate the funds to meet these requirements.

Even though the costs of environmental compliance are relatively low, ie.around 2% of the 

annualized operating costs, the industry is a high cost one and so even the small percentage 

amounts to a substantial amount in absolute terms. When considering the opportunity cost of 

investment, ie.the alternative of investing the money in a bank at the rate of 16-18% for a period 

of 15 years, pollution control does not rate as a first choice outcome. Import duties and bank rates 

of interest have a significant impact on the investment trends in this industry and need revaluation.

5.2.7.4 Development of chemical recoverv techniques for agro-based plants

The industry lacks an effective method to recover chemicals in the black liquor of agro based 

units. Due to the presence of silica in the residues, recovery rates are not only lower but the 

chemicals have silica in them, thereby reducing the possibility of reuse or sale.

5.2.1.5 Easing of restrictions on the industrv

One of the major constraints in the development of the Indian paper industry has been, and is, the 

availability of reasonably priced raw materials. From a land rich in grasslands, this category has 

more or less disappeared from the land classification in the country. Wood and bamboo, too, have 

become scarce. Thus, domestic availability is limited and imported supplements restricted, due to 

import restrictions in the form of high duties. The duty free import of pulp under open general 

licence has been a step in the right direction. However, the current foreign exchange constraint 

facing the country is unlikely to lessen in the near future and might prove to be a major obstacle 

to the long term adherence to such a policy.

5.2.T.6 Scaling up of existing capacitv

Given that chemical recovery is economically viable only for production capacities of 100 tpd and 

greater, current capacity, which typically ranges between 15-60 tpd would need to be scaled up. 

This could be through assistance from financial institutions. Such an upgradation for agro-based 

mills would involve the development of effective methods for collection, baling and storage of the
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agricultural residues. If conducted at the national level, the process would require huge amounts 

of residue to be collected from over large areas around the plant; possibly baled prior to 

transportation; and stored on site. At the moment, these are relatively unchartered territories and 

would require further research to determine profitability and viability. Additionally, the high 

transportation costs associated with the movement of a high volume, low weight commodity could 

add significantly to the total costs of production*'*.

52.1.1 Evaluation of the true long term comparative advantage of the industrv 

The industry needs to evaluate its global competitiveness and, hence, its long term viability. One 

option for the industry could be in a gradual shift from integrated pulp and paper mills to units 

with only paper machines, based on imported supplies of pulp. Possibly a trend in this direction 

can be seen by the sudden mushrooming of waste paper based mills at Vapi, Gujarat. About 16 

new mills have been set up/ are in the process of being set up in the area and are totally based on 

waste paper, both domestic and imported. With the adoption of a pulp import policy, a few 

pulping units based on agricultural residues could continue to operate. The total economics of this 

would need to be seen in terms of the foreign exchange commitment for the import of pulp, the 

security of international supplies and the price trends in the international market. This would have 

a significant impact on the economy in terms of the reduced environmental impact (both in terms 

of reduced pollution as well as reduced deforestation) coupled with the production of better quality 

(higher value added) paper based on imported softwood pulp.

5.2.9. Summary and conclusions

If current trends continue, it can be expected that the industry will face a paucity of woody raw 

material. A plausible solution lies in the management of forests by the industry. While the industry 

has shown an interest in such a measure, there exist fears that such a policy would lead to 

unsustainable cultivation; shifts in the land use patterns and a deprivation of the poorer sections 

of their access to these lands for traditional activities of grazing and foraging. There have been 

suggestions as to how this conflict between the industry and the environmentalists/ government 

can be surmounted, but none have made any progress. There have been some preliminary steps 

taken to ensure continuous wood supplies to the industry by way of social forestry and 

agroforestry. While social forestry has shown greater returns, the area under such a scheme is 

limited and access has been restricted to a few of the larger units in the country. Agroforestry, in 

the sense, has shown greater potential/ possibilities, but its adoption has been erratic due to poor

This cost increase could be compensated for by efficiency gains from scale economies.
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payoffs*’̂  to the farmer. Further, eucalyptus is a tall evergreen plant that casts a shadow of about 

15-20 m on either side. This decreases the cultivable land and hence the agricultural returns. The 

above two points, in conjunction, have lowered the attractiveness of agroforestry for the farmer 

and it is expected that the yields of wood from agroforestry will fall in the coming year"^.

The National Forest Policy (1988) failed to take adequate note of the demands of and 

developments in wood based industries. The current (actual) forest area in the country is unable 

to meet the requirements of the industry. There are increasing pressures on the limited forest area 

not only by the paper mills but also by the furniture industry as well as the natural increase in 

population. The National Forest Policy does not reflect the need to develop forests for industry; 

other public purposes of timber, fuelwood, fodder, etc,; and protective environmental functions. 

It has recommended that wood based industries should meet future raw material requirements 

through farm forestry programmes on small marginal lands owned by individual farmers. While 

industrial harvesting of wood resources has been non-renewable/ unsustainable, as indicated by 

the loss of grasslands over the years and the dwindling bamboo forests, government policy too has 

fallen short of targets. Help to the industry could be provided by way of expanding research and 

development support. This is not only in terms of equipment but also in the development of 

processes to combat pollution, problems of inefficiency, etc.

Unless at least some of the measures elaborated above are adopted or some solution to the raw 

material problem is found soon, new capacity will tend to look overseas for their supplies of 

woody raw materials. Evidence of the same can be found in the fact that new capacity set up by 

Sinar Mas in Maharashtra is based totally on pulp imported from Malaysia. Hence a thorough 

rethinking and, in cases, revamping of policy is required for the development of the industry.

5.2.10 Section summary

This section has traced the development of the paper industry in India. It is clear that the level of 

government intervention in the industry has varied over the years, with a considerable decrease 

in intervention in recent years. As a consequence of government intervention, there has been a 

mushrooming of small units since the mid-eighties. While the large units face a shortage of raw

112

113

In the last season wood to the contractor have been sold for prices as low as Rs.1.60 per quintal (100 kg) 
(personal communication). At such low prices, the continued cooperation of the farmers is unlikely.

This need not be permanent since, as is true with the boom and bust business cycle, lower procurement in the 
next year could raise the price of wood, making it once more an attractive investment and increasing the area 
under agroforestry.
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materials, the smaller ones face an uncertain future due to non-compliance with environmental 

discharge standards. How stringently these standards will be enforced is something to be seen in 

the coming years. It is clear that the paper industry in India is at the cross-roads.

Given this background of the industry, a survey of factors determining its choice of location, the 

cost of pollution control as well as the attitude of the industry towards pollution control/ 

government intervention could provide valuable information on the decision making process. 

Results from the survey changed the structure of the model, bringing it to the current form as 

given in chapter 2.

5.3 The industrial survey

5.3.0 Data collection

This section focuses primarily on the data collection phase of the study. It includes the 

methodology (5.3) and the results (5.4). Results from the next section are compared with existing 

literature on location of industry, attitude of the industry towards pollution control, etc. to see how 

well the results fit existing theory. They are used to arrive at some broad conclusions with regard 

to the paper industry in India. They have also been used to estimate the corruption function in 

chapter 3. For these reasons, the data collection, analysis and results phase of the study have been 

placed independently, as a separate section.

5.3.1 Research objectives

The principal research objectives of this study were to

• To rank factors that influence firms when making industrial location decisions.

• To assess the impact on environmental legislation on the polluters/producers. This could 

be in the form of restrictions on the use of certain inputs, limits on the quantities of 

discharges, etc.

• To determine the (percentage) annualized costs of pollution control to the industry 

The extent to which the restrictions imposed constrain choice and increase the costs/

114 Such an attempt does not correspond to a comprehensive survey by Hahn (1996). He attempts to measure the 
costs and benefits of regulation, including environmental legislation. For this study, the range o f pollution 
costs incurred was sought.
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decrease the efficiency of production would indicate the relative importance of pollution 

control costs in production.

• To try and capture industry’s attitude to pollution control. This would indicate the speed 

of adoption of control measures and the willingness of the industry to innovate.

• To see the influence of government incentives/ policies on industrial location decisions. 

This could then indicate the possible areas of future intervention by the government, if 

current strategies appear to be sub-optimal.

5.3.2 Some a priori assumptions

The study was based on some a priori assumptions which need to be mentioned at the start. For 

one, the study defined any unutilized discharge, not reused within the paper production cycle, as 

waste. This is not always a pollutant as many such ‘wastes’ do find customers further downstream 

eg.fibres from the primary clarifier are typically not a pollutant as they are sold to board 

manufacturers. However, since they find no use within the production cycle for paper, they have 

been classified as waste. Hence, pollution control costs refer to any costs incurred by the firm in 

trying to dispose off, sell, or treat these wastes.

If pollution control costs for an industry represented a large proportion of fixed costs and did not 

really vary with output, ie.a low operating costs, it could imply that large firms are inherently 

favoured due to the investment effect. The trend in the industry could then be towards closures 

of smaller units and/ or mergers into larger units. However, since no such trend is witnessed in 

the industry (see section 5.2) it either implies that (a) there is no inherent favouring of the large 

firms or (b) there is no major investment in pollution control so as to trigger such an occurrence 

in the industry.

5.3.3 Reasons for the study

The question that now arises is why was such a study necessary? As mentioned above, there have 

been several studies undertaken to look at the impact of the polluters on the polluted. This is true 

from the proliferation of literature on valuation of damage, willingness-to-pay studies, etc. It has 

been almost implicitly assumed that the polluters had enough to pay for all the damage they 

caused. Further, it was also assumed that the polluters would largely be unaffected by the
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introduction of environmental legislation, apart from some price increases or reduced profits"^. 

This is obviously not the case. Environmental legislation, if based on zoning practices, could affect 

the economics of a particular location and hence the decision to locate at a particular site. Further, 

depending on the pollution intensity of the production process, either the entire process or any sub

process, could be negatively affected if the legislation led to a restriction on the use of a particular 

input or increased the costs of inputs. The effect could also be in terms of a charge on the wastes 

produced or a restriction on the quantity of discharge.

There has been some research on the subject. Studies have been conducted on similar lines for 

particular regions in the U.K. (Atkins and Lowe, 1977)"^ and on members of the American 

Management Association in the U.S. (Buggie and Gurman, 1972). A more recent survey article 

by Jaffe et al (1995) attempts to see the impact of environmental regulation on the competitiveness 

of US manufacturing industry. Hahn (1996) attempts to quantify the costs and benefits associated 

with several US regulation, including environmental regulations. Improved cost-benefit analysis 

is sought in the reform of safety, health and environmental regulation. Hahn (1996) finds there are 

increased benefits from carefully targeting regulations; there is a need for adopting strategic 

planning processes or net economic benefits for the allocation of resources; and that environmental 

and cancer reducing regulations are not so cost effective as other social regulations. The studies, 

however, relate less directly to the current study undertaken as the first two mentioned.

More recently, however, a very similar study was undertaken by Mani, Pargal and Huq (1996) in 

which they analyze the locational determinants of new manufacturing plants in India in 1994. 

Assuming an iid (independent and identical distribution) Weibull distribution for the error terms, 

the authors use a conditional logit model to determine location choice probabilities. However, the 

iid assumption for the error terms implicitly implies the "independence of irrelevant alternatives", 

an assumption that does not hold for locational choice over states. In order to reduce the impact 

of this restriction, the authors introduce regional dummies which makes the approach equivalent 

to using a nested logit approach. On the basis of their analysis they conclude that the stringency 

of environmental enforcement at the state level does not have a significant impact on the choice 

of location. Mani, Pargal and Huq (1996) also determine that location is positively correlated to 

the level of environmental spending by the state government. This impact persists even when the

' The outcome depends on whether costs are absorbed or passed on.

See Atkins and Lowe (1977) for a survey o f work carried out in this field.
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sample is reduced to highly polluting industries, suggesting that the environmental spending 

variable is a proxy for other qualities including good governance. However, when considering 

good governance, the authors fail to mention the impact of corruption and its possible influence 

on the investment patterns in the state.

The authors mention that only with the dismantling of the industrial licensing system has business 

been able to factor in environmental considerations into their location decisions. However, the role 

of history and agglomeration effects ensures that this might never really be overcome. The authors 

consider only new firms’ location decisions, so that the effect of sunk costs and retrofit are not 

considered. In building up the case for their analysis, the authors use information on new projects 

with investments greater than Rs.500 million, assuming that large projects are relatively footloose. 

In doing so, the authors implicitly assume that capital plays a greater role than other factors of 

locational determination; ie.capital availability dampens the influence of other variables. Thus 

much of the literature on the choice of location and the influence of backward and forward 

linkages is assumed away.

In the construction of the model, Mani, Pargal and Huq (1996) assume that the level of wages is 

a crucial determinant of location - an assumption that is not supported by the work carried out in 

the thesis. The quality of the labour force is assumed to be determined by two variables: the 

middle school enrolment rates and the extent of work disruptions due to strikes etc. If these are 

analyzed within the Indian context (the authors mention it in reference as well), that states with 

high rates of literacy like Kerala and West Bengal are also those which face frequent disruptions 

due to strikes and hence appear to be less attractive to business. What needs to be considered is 

that business often needs only a small percentage of managers who are highly educated and prefer 

the rest of the work force to be relatively less educated and less likely to organise themselves into 

unions.

The authors assume that a high density of population indicates high land prices and higher 

environmental impact, this having a negative impact on firms. However, while plants prefer to 

locate in less densely populated areas, the benefits of agglomeration effects work in the opposite 

direction. Hence one finds that many highly populated states indicate high levels of new 

investment, eg.Gujarat, Maharashtra and Uttar Pradesh. However, as the authors rightly point out, 

referring to an area as large as a state makes little sense; what needs to be considered is where the 

industries actually locate within the state. The authors mention that while differences between
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States (and within them) could emerge from the backward area incentives that are offered, they 

state that their "data does not include enough plants located in backward regions" to determine 

their importance. This effect is precluded by the choice of sample as most often it is the smaller 

to medium sized plants that actually move in response to such incentives; possibly because of the 

relative greater influence of backward area incentives on small to medium sized firms. Further, 

the authors consider location decisions in the 14 largest industrial states in India, thereby biasing 

their results towards the importance of the effects of agglomeration and history. While admittedly, 

data for the other states were limited and not available, the authors fail to mention such an effect 

in their results.

The authors conclude that factor prices do not affect the location decision. The price of electricity 

is not important, but its availability is. However, power shortages and labour disputes are 

significant variables. The authors assume that per capita income indicates better quality of 

government, infrastructure and labour force and is positive and significant as a location variable. 

However, despite states such as Kerala having an educated labour force and a high per capita 

income, few large industries actually locate in the state. The same holds for states such as 

Rajasthan, Uttar Pradesh, and Orissa - high levels of per capita income and yet low levels of new 

investment. However, the rates of investment in the east (Bihar, West Bengal and Orissa) are 

estimated to be high by the authors on the basis of the analysis of the dummy variables. There are 

a couple of points which need to be clarified - while the rates of investment are high, the actual 

number of new plants is low. Further, states such as Bihar have a history of social problems which 

until now has limited any investment in the state. The only investments that have really been made 

are by the public sector in order to harvest the large mineral deposits in the state. Hence all 

traditional factors (apart from availability of inputs) which induce location are lacking in this state. 

Such issues and their impact have not been mentioned in the study. Similarly, for the state of West 

Bengal, the long history of an active and organised labour force has tended to stall any industrial 

activity in the state. More recently, in a deliberate attempt to lure investment, special incentives 

were offered - the resultant spurt in investment reflecting such a trend. Once again the authors fail 

to analyze the trend.

The magnitude and direction of the effects of labour disputes and power shortages are the same 

with similar (but opposite) effects in the high rates of investment areas (east) and the high levels 

of investment areas (west). In the east, changes in the share of labour disputes and power shortages 

cause minor declines in the probabilities of the areas being chosen; while in the west the same
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causes a large decline in the level of investment. This probably indicates differences in the types 

of investments over the areas - the ones in the east expecting such influences and are there more 

in response to other factors such as incentives or factor availability, while in the west the 

investment tends to be more footloose. The limitation and applications of the analysis has not been 

fully discussed by the authors. Further, they stress the importance of agglomeration effects in the 

location decision. This is not unambiguous in its application. For example in the case of the paper 

industry in India, the last thing a new business desires is a competitor for the same sources of raw 

material.

The study conducted by Mani, Pargal and Huq (1996) is an important one and is a first step 

towards the quantitative analysis of industrial location decisions in India. Its quantitative approach 

results in a guideline for influences on location decisions in aggregate. While worthwhile in its 

own right, the macro level aggregation misses several important aspects of the location decision. 

In focusing only on large investments, they have ignored influences on small and medium sized 

units. This ignores an important aspect in the targeting of incentives in India - most of the 

dispersal of industries was attempted through small and medium sized units, as it was assumed 

that these units would aid in the eradication of unemployment in the backward regions. Further, 

in focusing on all units in the industrial sector in general, the study abstracts from influences on 

individual industries. As explained above, while agglomeration provides several benefits, for the 

paper industry agglomeration implies competition for the same sources of raw material and hence 

is avoided. Thus, the area proposed to be covered in the thesis remains untouched by the other 

studies, ie.a micro, firm-level approach to the choice of location by industries, with an additional 

aim to estimate the range of pollution control costs.

Work similar to that conducted by Atkins and Lowe (1977) and Buggie and Gurman (1972) has 

not bee carried out in developing countries. Hence the intention to extend this work, with 

modifications, to developing countries. An additional factor was that several developing countries 

had opted for planned development in their economies, this being seen as the quickest method to 

"catch-up" with the more industrialised countries. Thus, the governments' in these countries 

assumed a position of authority, the "commanding heights" of the economy, from where they 

attempted to guide national development. While limitations”  ̂ of such an approach are well 

documented (Lai, 1983), it nevertheless was one adopted by developing countries. This implied

For one, it implicitly assumes that a social planner has full information about the costs and benefits o f any 
particular project at any location.
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that the government had absolute control over the type, size and location of industries in the 

concerned country. Hence, it could be expected that the impact of government regulations, both 

environmental and development, would be different in these countries.

5.3.4 Methodology

An unit level study was assumed to be adequate in order to determine and prioritise the factors 

that affect industrial location in developing countries. It was also considered useful to study the 

impact of (past) government regulation and to evaluate its effectiveness in terms of whether the 

social goals aimed for were actually reached, ie.did industry actually locate in backward/ less- 

developed regions, in response to regulation and/ or incentives.

Given that the research orientation was on problems of balanced development in developing 

countries and how a social planner optimising varied from an individual firm optimising, the next 

decision centred on the choice of country for the study. India was a country that fitted the 

requirements, given a relatively long history of active government intervention in the industrial 

sector through the licensing system and other clearances required prior to the establishment of a 

production unit. It also provided a short period of comparison for the case when environmental 

legislation was enforced.

Once the orientation of the research was defined as well as the country in which it was intended 

to be conducted, the next decision to be made was whether to follow the earlier exercises and 

focus on all industries within a particular region or to spread it over the entire country focusing 

on particular industries. Several factors influenced the decision to adopt the latter approach, ie.a 

particular industry in the entire country. One of the most important reasons was that the central 

government held primary control over the issuance of licences and for the laying down of both 

environmental standards as well as (partially) enforcing compliance. This implied that the state 

government's authority was diluted to the extent that it had to fit in with the overall direction of 

the central government plans. Hence any study at the state or district level would then have to be 

expanded to allow for the influences of the centre. Environmental legislation, too, was initiated 

by the central government and it retained exclusive control over certain activities. Further, in case 

of an industry wishing to use/ exploit natural resources designated as national resources, central 

government clearance was imperative. If the study then focused at the national level, then 

discrepancies such as these would have to be avoided in order to trace government policies for the 

industry over time.
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Another factor pushing the orientation of the research in this direction was the expected non/low 

response of industry to a mail questionnaire. Most previous survey’s based on mail questionnaires 

received typically 10-15% response rates. If this were to hold for a survey conducted in a 

developing country, it would be impossible to arrive at any sort of broad based conclusions or 

possible policy interventions for an industry. While cross tabulations could be possible, their 

validity would be suspect given the small sample on which they would be based. Further, if the 

attempt is to look at the pollution intensity of a process, it could be important to focus on a few 

processes rather than spread efforts over a large base very thinly. Hence, it was decided to focus 

on specific industries within the industrial sector.

At first, it was decided to study both the sugar and the paper industry in India. The combination 

of industries is interesting from the point of view that both are based on renewable natural 

resources: sugar being based on the output of the agricultural sector while paper being based on 

woody natural resources and wastes of the agricultural sector. The very raw material of either, then 

has an environmental impact. What was also a consideration was that the ‘waste’ of the sugar 

industry, bagasse, could be used as an input into the paper industry. These were some of the 

factors that prompted the initial focus on both the industries. However, due to poor response from 

the sugar industry, it was decided to drop the industry and to concentrate solely on the paper 

industry.

More specifically enumerating reasons why the paper industry was selected, it can be seen that its 

entire production cycle is polluting - from the felling of trees for the primary raw material to the 

pulping and finishing process. More recent trends are towards the use of agricultural residues as 

inputs. While the inputs are "wastes" the discharges are more toxic as chemical recovery from the 

processes is undeveloped*'*. Hence the production process is exceedingly polluting"^. Further, 

the industry has a history of controls in terms of licences, input and output prices. The impact of 

government legislation on the industry, too, has to be carefully evaluated since it is a raw material 

oriented industry'^® and so attempts to influence location could lead to the choice of sub-optimal/ 

inefficient sites. The recent attempt by the government to overcome the shortfall in supply through

"* There are several processes at the pilot plant stage but upgradation to full capacity is yet to be tested.

' Though it would not be possible to say which one of the two is more polluting without an indepth analysis.

This implies that the production process is a weight losing one. Further, it can be stated with reasonable surety
that if  the mill comprises of both the pulp and paper mills, production activity will take place near the source
o f the raw material.
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the provision of a variety of incentives to small scale non-conventional raw material based units, 

is a clear indication of intervention in the industry, with restrictions being in terms of the type of 

raw material used.

5.3.4.1 Sample

The selection of the sample proved to be difficult and, in the end, incomplete. There were no 

source references nor a complied list of industries available. This was not obtainable from the 

Indian High Commission either - the Trade and Commerce Division retaining only a list of 

exporting companies. Eventually the list of target industries was obtained from library sources in 

London (Indian Industries, 1975; Handbook of Indian Companies, 1986). This was dated and, with 

hindsight, incomplete. From approximately 110 units listed, a sample, representative of the sizes 

of the firms, was extracted. This totalled 65 in all. Letters of introduction were sent to all the 

shortlisted units.

It was felt that personal interviews might provide some additional information which would be 

useful to the study. This is specially the case when the attempt is to see how the units responded 

to changes in government interventions. For this interviews with chief executive officers could 

yield valuable insights into the functioning of the system. Further, the information could be used 

as a reference for the replies of the mail responses. Therefore, from within these 65 units, chief 

executive officers of 10 randomly selected firms were contacted for a plant visit. This represented 

approximately 15% of the sample and was felt to be sufficient to be representative of the whole. 

Of the 10 firms contacted for a plant visit, 8 responded in the affirmative.

From these 8 units, one was shortlisted in order to pre-test the questionnaire. This was chosen on 

the basis of accessability. The pre-test yielded certain aspects that had been overlooked when 

formulating the questionnaire. One such aspect was the possibility of the firm being based totally 

on purchased pulp and therefore with only a paper machine on site. Such considerations that arose 

during the pre-test were incorporated into the questionnaire in order to make it more complete. 

Once the modifications were incorporated, the questionnaire was mailed out to the sample.

For the mail survey, the initial contact was established through a covering letter addressed to 

senior executives of the firm along with the questionnaire. The initial response rate was low and 

staggered. Non-respondents were sent a reminder letter two weeks later. The response was 

substantially better the second time round. Several units wrote back requesting the questionnaire.
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stating that the initial letter had not been received. Subsequent non-responders were sent a second 

reminder letter three weeks after the first reminder had been sent. Follow-up telephone calls were 

attempted to the units but this was, by and large, in vain due to extremely poor telecommunication 

facilities at most of the locations. In all, 15 replies were received through the mail survey.

The interviews

The plant visits scheduled for the seven firms were conducted over a period of two months. All 

plant visits were by prior appointment, most of them lasting one complete working day. Interviews 

were conducted with managers of the concerned departments. A visit through the production 

facilities was completed for all sites and, at times, discussions with the operators held. At each site 

an interview with the chief executive officer at each site was also conducted. This lasted between 

45 minutes to an hour. In a couple of cases, the interviews with the chief executive officers had 

to be conducted on another day, in which case subsequent appointments were fixed.

5.3.4.2 Description of instrument*^*

The questionnaire (a copy of the same can be found in Appendix VI) was designed to elicit the 

respondent’s ranking of factors affecting the choice of location for the firm and the listing of 

factors affecting expansion plans, in cases where this decision had been made. The list of factors 

affecting the decision were drawn from the survey of literature elaborated upon in chapter 2. It 

also attempted to note the perceptions about the existing emission standards; whether they were 

sufficient or too high; and their response to differentiated standards. Control costs, as well as 

expected investments in pollution control, were elicited. An evaluation of government intervention, 

both through direct incentives as well as backward area incentives, was also attempted.

The questionnaire was largely quantitative in nature with pre-coded responses. This was done in 

order to simplify the answering procedure, so as to increase the probability of response. The 

limitation of such an approach is that it anchors the answers, most preferring to strike answers 

rather than writing down their own. Some open qualitative responses were elicited so as allow the 

respondent to put down their own perceptions to a problem.

The key information elicited through the questionnaire included

o factors affecting choice of location. These were based on an extensive literature review

I am indebted to Dr.Nagaraj Sivasubramanium of State University o f New York at Binghamton for comments 
and help in this stage of the study.
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to identify factors influential in determining location

o factors affecting expansion plans. These were a repetition of the above factors but were 

to see the change in influencing variables in current decisions 

o annual energy consumption 

o emission standards

o operating costs of environmental compliance 

o investment costs of environmental compliance 

o rating of government intervention in industrial location decisions 

o rating of government interventions through backward area incentives 

o  generation of wastes - solid, liquid and gaseous 

o control measures for the wastes 

o description of the control methods 

o impact of government interventions 

o  impact of environmental legislation 

o  importance of standards

Not all the question had equal scales. The anchors for the scales for each questionnaire varied 

according to the expected reactions. The anchors ranged from

o "Extremely influential" to "Did not influence at all" for the factors affecting location 

and expansion plans

o Every six months to more than 2 years for maintenance schedules 

o  less than 2% to more than 20% for the percentage of total annualized costs of control 

for solid, liquid and gaseous emissions as well as for the extent of (current) increase in 

cost of production due to compliance with emission standards

o less than 1% to more than 4% for the expected increase in cost of production in the 

near future

o less than 1% to more then 5% for the size of the unemployment effect 

o  6 months to more than 60 months for the adjustment time provided 

o less than 2% to more than 20% for the proportion of investment in (current) pollution 

control equipment and the proportion of new investment

o "Excellent" to "Bad" for the rating of government services in pollution disposal 

o "Really needed" to "Impedimentary" for the necessity of government interventions in 

the industry

o for most others, the options lay in a simple "Yes/ No" sequence with an allowance for
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"Not applicable", "do not know" and "cannot say" options as well

Data from secondary sources were used to supplement the questionnaire information. This was 

coded on to a separate data file. The main source of reference was the Directory of Indian Paper 

and Allied Industries (Indian Agro Paper Mills Association, 1995) for data on raw materials 

currently used and products produced. The National Inventory of Water Polluting Industry and 

Status of Effluent Treatment Plants (Institution of Engineers (India), 1985) was the source for 

information on the 1984 ETP status in the firms while the Status of Pollution Control Programme 

in the Major Polluting Firms (CPCB, 1995b) was the basis for the 1994 ETP status.

One of the problems faced was that often the person who had decided on the choice of location 

no longer held post and hence part was based on derived reasoning/ justification of the choice/ 

influential factors.

5.3.4.3 Data analvsis

The data were analyzed using SPSS version 6 for Windows. The small sample size precluded the 

use of parametric methods for analysis. Where necessary non-parametric methods like the Kuskal- 

Wallis means test was used to compute means across groups. However, none were very significant. 

For most cases, modal or median values were taken as indicative of the range of the responses.

Consistency checks and cross tabulations were done in order to weed out spurious data.

5.4 Results of industrial survey

5.4.0 Results

This section presents the results of the industrial survey undertaken in India. The analysis is based 

on tables generated by SPSS (Version 6 for Windows) output files. The results are grouped 

together and do not necessarily follow the format of the questionnaire. In all 22 firms responded 

to the questionnaire.

5.4.1 The general characteristics of the respondents

Almost 91% of the respondents were firms set up prior to 1989, the year considered as the point

192



of introduction/ enforcement of environmental legislation‘ŝ . 46% of the firms fell into the mid 

capacity range, ie.between 40-100 tpd, ranges where the economic recovery of chemicals from the 

black liquor is not possible. The remaining firms were distributed equally over the top- (greater 

than 100 tpd) and bottom- (less than 40 tpd) most ranges. Cross tabulating plant size with each 

raw material used, we have the following tables

Table 5.4.1: Cross tabulation of plant size with raw material used
Wood

Plant size No Yes Row Total

1.00 5 - 5 (23.8)

2.00 10 - 10 (47.6)

3.00 1 5 6 (28.6)

Column Total 16 (72.6) 5 (23.8) 21 (100)

Agricultural Residue

Plant size No Yes Row Total

1.00 1 4 5 (23.8)

2.00 3 7 10 (47.6)

3.00 5 1 6 (28.6)

Column Total 9 (42.9) 12 (57.1) 21 (100)

Bagasse

Plant size* No Yes Row Total

1.00 2 3 5 (23.8)

2.00 2 8 10 (47.6)

3.00 3 3 6 (28.6)

Column Total 7 (33.3) 14 (66.7) 21 (100)

Figures in brackets indicate percentages
Size 1.00 refers to plants below 30 tpd; 2.00 to plants between 30 and 70 tpd; and 3.00 
to plants over 70 tpd capacity

Typically, wood based plants were the large units.

Despite the Water Act being in force since 1974, comprehensive environmental legislation emerged only with 
the Environmental (Protection) Act of 1986. After the introduction of the Act, firms were given upto 3 years 
to comply with the regulations. Hence 1989 was taken as the turning point for the enforcement of 
environmental legislation.
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Most (about 60%) of the firms responding to the questionnaire were based on non-conventional 

raw materials, ie.bagasse and agricultural residue. While jute and cotton linters found a high 

frequency of usage, these are make-up fibres used to provide the long fibre content in grass pulps. 

Several firms used imported pulp, either as a make-up fibre or to improve the quality of the paper. 

Waste paper, too, indicated relatively high rates of usage. As expected, domestic pulp showed 

minimal rates of usage; confirming its low sales and availability. All bamboo consumption in the 

industry was in wood based units.

Of the responding firms, almost 91% had both pulp and paper machines on site. This implied that 

the entire production cycle existed at each of these sites and with the pulping, the associated 

pollution as well.

5.4.2 Process information

Most of the units drew some part of their electricity requirements from the grid but produced at 

least part of their consumption on site. On-site production was to meet the steam requirements of 

the process. The next most used energy source was coal. Other, ie.non-conventional, energy types 

were additionally used by almost 55% of the units surveyed. These energy sources were typically 

rice husk, pith and bark. Cross tabulating ‘other’ forms of energy with ‘bagasse’ based units, it 

is clear that most of the bagasse units used the pith in their boilers.

All the units (21) with a pulping section adopted a batch process of pulping. Two units had both 

batch and continuous digesters on site, both operating simultaneously. This implied that no unit 

was totally based on continuous digesters. 67% of the valid responses to the question of which 

pulping method was adopted by the unit were for soda pulping; the remaining having adopted kraft 

pulping methods. Cross tabulating the responses for soda pulping with the type of raw material 

used, we have

Table 5.4.2: Cross tabulation of soda pulping with raw material used 

Agricultural residue

Soda No plant Plants Row Total

No soda 7 1 8 (38.1)

Use soda 2 11 13 (61.9)

Column
Total

9 (42.9) 12 (57.1) 21 (100)
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Bagasse

Soda No plants Plants Row Total

No soda 4 4 8 (38.1)

Use soda 3 10 13 (61.9)

Column
Total

7 (33.3) 14 (66.7) 21 (100)

Figures in brackets indicate percentages

It is clear that the agricultural residue and bagasse based firms adopted this method. Soda pulping 

is very similar to the kraft pulping method, except that soda is added in place of sulphide. This 

process is cheaper than the kraft process as it substitutes an expensive chemical and does not 

require the same high temperatures and pressures. The process is suitable for grasses and other 

agricultural residues. Kraft pulping was largely adopted by wood based units; a bagasse based unit, 

too, has adopted this method. This indicates that the pulping method adopted generally depends 

on the raw material used.

Most firms adopted a three stage bleaching process, with chlorine (water or gas) followed by a 

hypochlorite stage. Sodium hydroxide was a common last stage bleaching agent. It is obvious that 

chlorine-free bleaching is yet to take off in India; this primarily stemming from the high demand 

for ultra white paper, which is possible only with chlorine bleaching. Further, a point mentioned 

by one of the managers at an agricultural residue based firm was the chlorine bleaching added to 

the strength of the fibre and was considered a necessity in such (agro-based) units.

5.4.2.1 Factors affecting location

Coming to the choice of the particular location, affecting variables were defined and the 

respondent had to scale their relative importance. Factors, with a minimum of 10 respondents, are 

presented in the Table 5.4.3
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Table 5.4.3: Factors affecting choice of location

Variable No.of
respondents

Mean
score*

Standard
deviation

Availability of raw materials 21 1.86 1.20

Availability of land 22 2.41 1.22

Availability of water 21 2.57 1.43

Availability of power 21 2.62 1.43

Price o f land 21 2.67 1.24

Availability of fuel 20 3.05 1.19

Availability of transport facilities 21 3.14 1.15

Other personal factors 10 3.20 1.93

Price of fuel 20 3.25 1.25

Emission standards 12 3.25 1.29

Price of raw materials 15 3.27 1.39

Price o f power 20 3.30 1.38

Price of pulp 12 3.42 1.62

Price o f chemicals 19 3.42 1.17

Proximity to demand centre 16 3.44 1.31

Price o f water 18 3.44 1.29

Availability of capital 16 3.50 1.26

Availability of skilled labour 21 3.57 0.98

Availability of unskilled labour 19 3.58 1.02

Possibility o f land for plantations 20 3.60 1.05

Availability of backward area incentives 16 3.69 1.58

Availability o f government incentives to industry 10 3.70 2.11

Price o f transportation 19 3.74 1.19

Existing wage rate 21 3.81 1.29

Security o f supply of raw materials 15 3.87 1.68

Availability o f other chemicals 18 4.00 1.08

Interest rate on capital 13 4.38 0.87

Availability o f infrastructure 11 4.64 1.43

Availability of lower import tariffs 10 5.10** 0.74

The lower the score, the more important the variable.
A score o f more than 5 was obtained as responses of "Do not Know" were scored at 6 and "Not Applicable" 
were scored at 7.
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Expectedly, the availability of raw materials, land, water and power rank as the most important 

influencing factors. The price of land, too, proved to be an important decision variable. What also 

emerged was that the price of other chemicals used in the production process rated above their 

availability; possibly indicating their relatively easy availability but high price. Backward area 

incentives ranked higher than government interventions; but only just. Correspondingly, the 

availability of infrastructure had an exceedingly low rank while that of transport facilities a high 

one. These factors appear to support the contention that the industry would establish itself in 

relatively backward areas, if concessions were granted, the price of land low, and the 

corresponding transport connections available. Availability of labour ranked higher than the 

existing wage rate, indicating that wages are not so influential. Overall, the industry weighted the 

availability of factors higher than their prices, indicating that availability was the crucial factor in 

the country. An interesting feature was that emission standards were ranked well above the rigour 

of enforcement. This could be an indication that rigour of enforcement needs to be increased if 

environmental concerns are to be made an effective tool in development planning.

5.4.2.2 Expansion plans

86% of the firms interviewed had expansion plans. Of these 20, one firm did not specify the type 

of expansion to be undertaken; while 60% of the respondents (to the question) intended to set up 

both a digester and a paper machine at the existing site. None of the firms intended to expand into 

a new area. This could indicate the importance of sunk costs. One of the interesting features of 

the expansion plans, across the board, was that most firms intended to use agricultural residues 

as a raw material; the next choice of raw material being waste paper. The respondents, however, 

were indifferent whether this waste paper came from indigenous or foreign sources. It is possible 

that either the price differential is low or domestic availability restricted. Cross tabulating raw 

materials currently used with those planned in the 17 expansion units, we find

Table 5.4.4: Cross tabulation of raw materials currently used with raw  materials for
expansion

expansion
current

Wood Agricultural
residue

Bagasse Row Total

Wood 4 2 1 5(29.4)

Agri. res. 0 9 0 9 (52.9)

Bagasse 2 10 3 12 (70.6)

Column
Total

5 (29.4) 13 (76.5) 3 (17.6) 17 (100)

Total of l7 respondents to the question
Figures in brackets indicate percentages
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Five of the currently wood based units were planning to expand; four planned to use wood, at least 

in part of the expansion, and two planned to diversify into agricultural residue, one into bagasse 

and one in waste paper. Of the ten currently agricultural residue based units, none planned an 

expansion into wood; nine planned an expansion in their own raw material and one was planning 

to diversify into waste paper. Bagasse based units, too, planned their expansion based on 

agricultural residues and waste paper as raw materials. It is interesting to note that two units in 

this category were planning to expand using wood as a raw material. The relatively lower use of 

wood and bagasse in expansion plans indicates their restricted availability; most of the bagasse 

being burned on-site at the sugar mills.

When questioned as to what prompted this decision to expand, almost 60% denied that current 

environmental legislation had initiated such a move*^ .̂ Some of the agricultural based units, part 

of the 32% that replied in the affirmative, wanted to expand in order to reach the economic viable 

size for the recovery of chemicals in the black liquor. When asked if backward area incentives had 

prompted the decision to expand, 68% of those responding to the question replied in the negative. 

They indicated that while location decisions were influenced by backward area incentives, 

expansion plans were mostly a function of market and demand characteristics. When asked to rank 

the variables that did affect industrial expansion plans, the following table emerged:

This was to find out whether reaching the economic size for the recovery o f chemicals was considered an 
important factor in expansion plans.
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Table 5.4.5: Factors affecting expansion plans

Variable No. of 
respondents

Mean
score*

Standard
deviation

Availability o f land 15 2.13 1.30

Availability of raw materials 14 2.64 1.60

Availability of water 14 2.86 1.51

Availability of fuel 13 3.08 1.32

Availability of power 11 3.09 1.51

Possibility o f land for plantations 11 3.36 1.03

Price o f land 15 3.40 1.64

Price o f chemicals 14 3.43 1.40

Availability of transport facilities 13 3.46 1.33

Price o f water 11 3.55 1.21

Price o f fuel 14 3.57 1.02

Availability of backward area incentives 10 3.60 1.96

Price o f power 12 3.92 1.00

Availability o f skilled labour 14 4.00 0.96

Availability of unskilled labour 12 4.08 0.90

Availability of capital 11 4.09 1.22

Price of transportation 12 4.25 0.87

Existing wage rate 12 4.25 0.87

Interest rate on capital 10 4.40 0.70

Availability of other chemicals 13 4.46 0.52

Availability o f infrastructure 11 4.73 1.01

iiüluentiai^ and 5 ‘did not influence at all’.
The lower the score, the more important the variable.

Most expansion plans involved adding capacity to the existing (capacity) at the same site. The 

most important influencing variables were the availability of land, raw materials and water. Fuel, 

power and possibility of acquiring land for plantations received high ratings as well. A few, less 

than ten units, rated government interventions as important; the same number rating the importance 

of emission standards. Correlating those who rated emission standards as important, it emerges that 

the response came from small units planning to expand capacity in order to reach the minimum
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viable size for recovery of chemicals in the black liquor*̂ '*. Once again, the rigour of 

enforcement of standards had few respondents, as did import and export incentives and lower 

royalties for the use of forests. Backward area incentives received a lower ranking than the 

importance of government incentives, but had a larger number of respondents. Availability of 

infrastructure received almost a non-rating, possibly indicating that once established, the firm does 

not look for infrastructure as an incentive for expansion. It could also indicate that the paper 

industry has had to set up most of the required infrastructure itself, ie.residential areas for all 

employees, etc. Interestingly, both the availability and price of capital received low ratings - 

whether it indicates that the industry has enough capital or whether market/ demand characteristics 

make expansion so profitable regardless of the cost of capital, is unclear.

5.4.3 Pollution and pollution control information

5.4.3.1 Air pollution

One of the respondents did not answer this question; but of those who did, 86% said that there 

were air pollution control facilities on site. This was important given that most units did use 

polluting energy forms. The most commonly adopted control facilities were bag filters (42%), 

venturi scrubbers (31%), and electrostatic precipitators (23%). One plant had a sulphur dioxide 

scrubber. Of the 18 units that replied to the length of the maintenance cycle, 89% replied that they 

undertook maintenance operations at least once a year (50% every six months). This maintenance 

was generally made to coincide with the boiler maintenance operations. 82% of the sample 

responded to the question on the annualized costs of air pollution control. 72% of the respondents 

claimed that this amount lay below 2% of the annualized operating costs, and 94% replied it lay 

below 5%. Action for air pollution control was initiated due to government legislation.

5.4.3.2 Water pollution

One firm did not respond to the question of whether there were liquid wastes discharged by the 

firm. Of the 21 who did, it was found that multiple discharge points did not exist; the most 

commonly adopted methods of discharge being into rivers (43%) or dry river beds (33%). 95% 

of the firms did treat the waste prior to discharge, the most common method of treatment being 

sedimentation (35%), and fibre recovery (28%), followed by chemical recovery (20%). Care should 

be taken in interpreting the variable of chemical recovery, as this refers to the addition of 

chemicals in the aeration tank and not the recovery of chemicals from the black liquor. While the 

government promulgated the law for the treatment of wastewater, it was left to the firms to 

actually implement the legislation. When considering the reasons why firms actually adopted the 

control measures, the most widely cited reasons were the creation of a good profile for the

However, the low number of respondents to the question makes it insignificant.
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company and a consciousness about the environment. A substantial percent (24%) stated that the 

expectation of future regulation had spurred investments in this direction. This indicates that even 

the likelihood of regulation can motivate companies to invest in pollution control. The likelihood 

of regulation, then, acts in a manner similar to the likelihood of inspection, as illustrated by 

Laplante and Rilstone (1996). However repeated recourse to such action by the authorities, 

ie.threatening but not implementing action, would dilute its effectiveness. 82% of the sample 

responded to the question on the annualized costs of water pollution control. 67% of the 

respondents claimed that the costs lay below 2% of the annualized operating costs, and 89% felt 

it lay below 5%.

5.4.3.3 Land pollution

All the respondents replied to the question whether solid wastes were generated in the affirmative, 

with almost 60% stating that these wastes were recycled. Multiple methods of recycling were often 

chosen. The most commonly adopted measure was to press the sludge from the primary 

sedimentation tank and sell it to the board industry. The most common method to collect the 

wastes for recycling was fibre flotation; however, only 50% of the respondents replied to this 

question. The solid wastes generated but not recycled were typically given to a contractor to be 

disposed of. In cases when the fibre content in the waste was high, the contractor paid a nominal 

amount and transported the waste from the site; in other cases, the contractor was paid to carry 

the wastes to a landfill site. Dumping (36%) of the wastes on the firms own land (36%) was also 

adopted. A smaller proportion of the waste was dumped on local authority land for landfilling 

activities. The government did not help in these disposal activities; 82% replying to the question 

in the negative. Those who did reply rated the government services varyingly. No charge was 

levied for the use of government land for dumping activities. The question on the annualized costs 

of solid waste disposal was answered by 73% of the respondents to the questionnaire. For 88% 

of the respondents (to the question), the proportion of costs lay below 2%. One firm each said the 

range was between 2.1 and 5% and 5.1 and 10% respectively.

5.4.3.4 Pollution control

Overall, 86% of the respondents (to the questionnaire) mentioned that pollution control had been 

adopted as a result of government regulation. The most commonly adopted measure to comply 

with the standards set by the government was the use of effluent treatment pond (ETP), All the 

firms*^  ̂ (20) confirmed having an ETP on site. This also fits well with the fact that the industry 

is especially polluting in terms of water. Methods to reduce the flow of water through the process 

had been adopted by 65% of the firms; the most common being the counter current washing of

replying to the question.

201



pulp. Air pollution is relatively minor and can be arrested by simple mechanical dust collectors 

or bag filters. 95% of the firms had either a mechanical dust collector or an electrostatic 

precipitator on site. Fibre recovery was a relatively new method and its adoption indicated medium 

rates of acceptance (55%); this being installed either after the paper machine or after the blow 

tank. The fibres recovered after the paper machine were reused within the plant while those 

recovered after the blow tank were either returned to the digester or if largely consisting of knots, 

was sold to the board industry. Few units had a chemical recovery boiler (25%) and fewer still 

had a lime kiln (10%). Correlating the presence of a chemical recover boiler to the type of raw 

material used, it is clear that these had been installed only in wood based units where recovery 

was both economic as well as an established technology. One large bagasse based unit did have 

chemical recovery boiler. This indicates that in cases where the technology exists, recovery of 

chemicals is adopted as it is economical. However, in the case of the small plants, the technology 

for the recovery of chemicals is not known - the process being exceedingly energy intensive and 

the residual chemicals contain high amounts of silica.

When asked whether complying with environmental regulations added to the cost of production, 

all the respondents to the question (20 firms) replied in the affirmative. Of these, 80% denied it 

affected the efficiency of production. This contrasts with the reply of a German firm which 

mentioned that closing the water loops in the paper machine increased the operating temperatures, 

resulting in greater efficiency of operation and better quality output. This benefit was possibly not 

forthcoming in the Indian case given higher ambient temperatures. When asked to quantify the 

amount of increase in the cost of production that could be attributed to environmental legislations, 

the predominant reply (56% of the respondents to the question) lay in the range of less than 2%. 

For 89% of the respondents (to the question) this lay below 5% and for everyone it lay below 

10%. Looking at the predominant reply of 2%, while as a percentage it is small, this has to be 

evaluated in terms of the opportunity cost of capital and the profit percentage. In a high cost 

industry, even a small percentage can be a substantial amount in real terms. Considering the 

opportunity cost of capital, ie.the prevalent bank rate, a new dimension emerges. With current 

bank rates at 18-20% (real rates lower by the rate of inflation of 10-11%), the industry is forsaking 

a secured rate for a low return over a long period (the normal return schedule for investments in 

pollution control).

60% of the respondents to the survey expected the proportion spent in pollution control to change 

in the future, the typical expected range of increase being more than 4% (33%). However, 25%
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felt that this would increase by less than 1%. Another 33% felt that this increase would be in the 

range of 2.1-4%. All in all, there appears to be little consensus on the expected range of increase 

in pollution control costs; though it could be about 4%. When asked to state the reasons why this 

compliance cost was expected to increase, 88% of those replying to the question felt it could be 

attributed to higher equipment costs*̂ ®. Increased enforcement of regulations (53%) and process 

retrofit (47%), too, ranked in the reasons for increased costs. Most of the firms (55%) mentioned 

that such cost increases were both absorbed as well as (partly) transferred to the consumer. 35%, 

however, insisted that all of the increase was absorbed by the firm. All, but two firms, emphasised 

that there would be no employment effect (retrenchment of labour) due to higher costs of 

production.

Overall, the industry reported (46%) that the proportion of investment in pollution control 

equipment as a proportion of capital costs stood between 5.1-10%. For 32%, this figure stood at 

below 5%. It is unclear whether this figure represents investments in pollution control equipment 

or includes process retrofit costs as well. Cross tabulating the proportion invested in pollution 

control with units set up in the pre- and post- legislation phase (taken as 1989), we have

Table 5.4.6: Cross tabulation of investment in pollution control in pre and post
legislation phase

legislation
investment

pre- post- Row total

less than 2% 3 - 3 (14.3)

2.1-5% 4 - 4 (19.0)

5.1-10% 8 2 10 (47.6)

10.1-20% 3 - 3 (14.3)

more than 20% 1 - 1 (4.8)

Column total 19 (90.5) 2 (9.5) 21 (100)

Figures in brackets indicate percentages

All the firms (2 in number) set up in the post pollution legislation phase (taken as 1989) 

mentioned that control costs, as a proportion of capital costs, lay between 5.1-10%, while 42% of 

those set up in the pre-1989 phase mentioned that control costs lay below 5%. For 37% of the pre-

This is unusual given the global trend of decreasing costs. This expected increase could be interpreted in terms 
of (a) investments in better, more advanced technologies; or (b) exchange rate fluctuations in which the rupee 
has been devalued.
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1989 units mentioned a figure of below 2%. There appears to be no obvious consistency between 

the figures stated by the respondents.

Despite 73% of the respondents insisting that they meet the standards with the exiting equipment, 

the same percentage quoted that they would require more investments in pollution control 

equipment in the near future; 32% expecting this increase to be in the range of 5.1-10%. While 

one firm did not expect to make any further investments, for 55% of the respondents this increase 

was expected to be below 10%. Four firms expected the new investment to be in the range of 

more than 20%. Cross tabulating the expected cost of new investment in pollution control and 

current compliance reveals that some units that claim they are currently meeting standards, 

nevertheless need an increased investment of more than 20%'^’. With this exception, units 

currently meeting the standards expect an increase of 2.1-10% in the fixed costs of pollution 

control.

5.4.4 Attitude of the industry towards pollution control

When discussing the proportion of time the industry complied with the standards, 46% stated that 

they ‘always’ adhered to the standard. However, a significant proportion (36%) admitted to 

meeting the standards ‘most of the time’. This group stated that it was virtually impossible for a 

unit to always comply with the standards.

When asked further if they felt the standards were important, 82% replied that standards were a 

necessary evil, ie.they were important to maintain the purity of the environment but hindered the 

operations of the plant. 52% were of the opinion that at the moment the standards were about 

right, while 48% felt they were too high. Most felt that new standards would soon be introduced 

by the government. The respondents (57%) indicated that the standards appeared to be sufficient 

to ensure the continued purity of the environmental medium; another 33% replying in more unsure 

terms of ‘possibly’. While 48% were against the introduction of new standards, 36% supported 

the measure. Of these (supporters for new standards), 50% favoured higher standards. 

Unexpectedly, this demand for higher standards does not arise only from those who are currently 

meeting the standard, but from the entire range within the industry.

Discussing differentiated standards, 64% came out in support of the subject. This appears to

While it is impossible to test if  the units interviewed actually did comply, the response could be explained/ 
validated in terms of new investments required in response to the tightening o f standards for the discharge 
o f pollutants.
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indicate that business supports an idea of ‘contain and contaminate’ rather than ‘disperse and 

dilute’. The expected impact of differentiated standards was that industry would tend to locate in 

the region with the lowest standard (53% of the respondents to the question). However, relocation 

of existing capacity to a region with a lower standard would not be considered. While some did 

mention that new capacity would emerge in regions with the lowest standards, such a trend is not 

evident from the expansion plans (section 5.4,2.2). This could imply that industries are already 

located in regions with low standards. Alternately, following Krugman’s (1991b) argument, they 

prefer to locate in regions with a head start, ie.with background levels of pollution, and are 

unwilling to move given their sunk investment. A possible indication from the 32% who felt that 

differentiated standards would have no impact on industrial location decisions could be that the 

standards are too low to push industries out of certain regions. Such a hypothesis is not really 

supported from evidence, as the prevalent standards are exactly those set by the Environmental 

Protection Agency. On the other hand, this could indicate a lack of enforcement of the standards. 

Lastly, a case for higher standards is not supported by a cross tabulation between ‘no impact of 

differentiated standards’ and ‘higher new standards’.

Discussing the adjustment period provided by the pollution control authorities when the standards 

were introduced, 77% replied that there had been an adjustment period; 9% had denied any 

adjustment period and 9% were unaware of its existence and/ or length. Similarly, there was a lot 

of confusion surrounding the length of the adjustment period. 32% felt it had been between 13-24 

months, while 23% felt the period lay between 7-12 months. 18% did not know the length of the 

adjustment period. The predominant response comes out as ‘less than 24 months’ as an adjustment 

period. 83% of those responding to the question felt that this length had been sufficient for the 

firm to install the required machinery. The question, however, was responded to by only 50% of 

the respondents to the survey.

5.4.5 Government interventions

When asked whether government interventions, ie.tariff structure, pricing policy, etc. had been of 

use to the industry, the majority replied in the negative, stating that it had been more 

impedimentary than constructive in nature. 68% of the respondents (98% to the question) felt that 

backward area incentives played an important role in industrial location decisions and had been 

useful to the industry as a whole. The most influential incentive was the sales and/or income tax 

exemption for seven years. Lower water and electricity charges had lesser importance. The 

interesting feature is that of the firms replying in the affirmative (93%) to the usefulness of
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backward area incentives, 73% were units based on agricultural residues or bagasse. The cross

tabulation for the importance of backward area incentives and the individual raw materials is given 

below

Table 5.4.7: Cross tabulation of importance of backward area incentives with raw 
materials used 

Agricultural residue

BAI* 0 1 Row total

Yes 5 9 14 (93.3)

No 1 - 1 (6.7)

Column total 6 (40.0) 9 (60.0) 15 (100)

Bagasse

BAI* 0 1 Row total

Yes 4 10 14 (93.3)

No - 1 1 (6.7)

Column total 4 (26.7) 11 (73.3) 15 (100)

Wood

BAI* 0 1 Row total

Yes 10 4 14 (93.3)

No 1 - 1 (6.7)

Column total 11 (73.3) 4 (26.7) 15 (100)

Figures in brackets indicate percentages 
* Backward Area Incentives

The overwhelming predominance of these mills in the answer indicates that these units were 

probably ones that did locate in relatively backward areas and availed of the incentives. 69% of 

those who mentioned that backward area incentives were useful also felt they were required. A 

third of those who felt that backward area incentives were required were unsatisfied by the current 

level of government intervention.

Coming to the impact of government policies, both legislation as well as backward area incentives, 

most of the respondents to the question (73%) felt that they had prompted the firm to move to a
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particular location (32%) through guaranteed supply of infrastructure and power and other tax 

rebates. These were the variables considered important in the decision to change the initial 

location'^®. Overall (almost 60%), government interventions were rated at the middle end of the 

scale, between ‘needed’ and ‘not needed’ ; opinions being firmly divided between the two options. 

Only 18% of the respondents to the survey came out strongly in favour of the interventions. 

Nevertheless, 78% of the respondents to the question, felt that there was scope for improvement 

in the interventions.

When asked to enumerate methods by which government interventions in the industry could be 

improved, the maximum emphasis was laid on pure bureaucratic methods. Most respondents 

indicated a disappointment with the government’s failure to fulfil its announced commitments. 

Granting of project clearances were needed at a faster rate. Infrastructural provision and guaranteed 

supplies of raw materials were the next areas highlighted for support by the respondents. Only a 

few mentioned lower interest rates as important. If taken as a prioritisation of the needs of the 

industry, it proves that interest rates are important but not the most important for the industry. This 

possibly indicates either (a) a relatively easy availability of capital, or (b) the urgency of the other 

matters.

The overall judgement on the effectiveness of government policies for the industry was that the 

government had provided concessions/ drawbacks for the import of equipment as well as tax 

exemptions. In fact, if the non-respondents (2) to the question are removed as well as those who 

mentioned that the government had not been effective at all (35% of the respondents to the 

question), this contention is supported by 85% of the respondents to the question. 50% of the 

respondents (to the question) also felt that the government had helped in export of output as well 

as long term easy finance. Breaking up the attitude towards government policies for the industry 

by the type of raw material used, it can be seen that agricultural residues and bagasse, both 

unconventional raw materials, rated interventions of tax incentives and concessions for the import 

of equipment exceedingly high. Correspondingly, the wood based units were dissatisfied with the 

current interventions of the government.

5.4.6 Impact of environmental legislation

Most of the respondents (75%) to the question felt that the main impact of current environmental

These are the impacts of government policy and not the factors listed by the firms (section 5.4.2,2). It 
indicates only the probable consequence and not an undeniable effect.
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legislation was that the it caused increased costs of installation. Equal numbers (55%) supported 

the effects in terms of a longer planning period and increased costs of contingency planning. An 

interesting point mentioned was that almost 55% of the respondents to the question felt that, with 

hindsight, they would have chosen a different capacity and/ or process of production.

5.4.7 Section summary

The attitude of the industry fits well with history: it was in the mid-eighties that the government 

introduced an array of incentives to attract small (less than 40 tpd) paper mills based on non- 

conventional raw materials into the industry. The incentives covered tax exemptions as well as the 

easy import of second hand equipment from abroad. Hence, the responses to the questionnaire fit 

well with history. The responses elicited fits well with existing literature as well. For one it 

validates Leonard’s (1988) contention that pollution control costs in total costs are low. Tlie 

industry estimates of 2% annualized pollution control costs too fits with Tobey’s (1990) estimate 

of 1.92 to 2.89% for pollution intensive industries. The capital investments of 10% in pollution 

control equipment fit the range provided by Jaffe et al (1995) on the basis of their survey of 

literature. Further, the industry responded to the likelihood of regulation in a similar manner 

outlined by Laplante and Rilstone (1996) indicated, in response to inspections. However, the 

sample chosen obviously differed from the data complied by TERI’s Energy Data Directory and 

Yearbook (1994/95). The Directory states that the prime energy source is coal followed by 

electricity, while this survey yielded the opposite ranking. Differences could lie in the samples 

chosen.

5.5 The influence of regulation, subsidy and per capita subsidy

Using basic data available from second hand sources, an attempt was made to see the relative 

strengths of influence of the probability of conviction and subsidies on the location of new 

industry in a state. Much of the criticism directed at the work of Mani, Pargal and Huq (1996) 

holds valid for this analysis as well. That is, considering an area as large and diverse as a state 

is of little validity; the data are aggregate and tend to suppress the influence of personal factors. 

Further, the estimate for the enforcing capacity over states has been derived from recorded crime 

data and hence is subject to all the limitations that estimates for corruption and crime, ie.is an 

estimation of the actual number of recorded crimes, is no estimation of the true extent of the 

crime. In short, the problems of measurement error and identification error (discussed in chapter
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3) persist in the current estimates. Despite these various limitations associated with the use of the 

data, these are used to determine the relative strengths of the influences of probability of 

conviction and subsidies on the choice of industrial location. These results are used to add to the 

conclusions reached in the qualitative analysis discussed above.

Using compiled CPCB data (1995) for 1994-95; the number of new factories in production in the 

period 1994-96 (lAPMA, 1996) and the amount of gross and per capita subsidy distributed over 

the states in 1987-89 (Mundle and Rao, 1991), we estimate some correlations. The use of 1987-89 

data on subsidies is defended on the grounds that, on an average, most firms in India would have 

a 5-6 year planning, initiation and construction period. Hence the response of firms almost 6-7 

years after the subsidy is justifiable.

The model was first estimated for all states and union territories in the country. Correlations of 

the probability of conviction (see Appendix VII) and new industries were not statistically 

significant. However, since the data for subsidies were available only for the 14 major industrial 

states in the country, the actual model was run for only these states. The traditional bi-variate 

model was estimated and the only of significance was that of per capita subsidy over states 

with the number of new firms in the state (significant at the 10% level). This can be taken to 

indicate that locational factors are not well explained by either probability of conviction (here 

interpreted as the rigour of enforcement of standards/ environmental regulation) on total subsidies 

distributed to states. Analyzing the per capita subsidy to states further, when a quadratic model 

was fitted the R̂  increased from 0.36 to 0.56 implying a better fit and a better predictive power 

of the model. With the exception of the single outlier (where despite a low per capita subsidy, 

there were new firms), the effect of per capita subsidy has a quadratic or cubic effect on the 

number of new firms locating in the state. A logit model (bivariate for per capita subsidy) was 

attempted but its explanatory power was low.

Summarizing the results we have

Table 5.5.1: Summary of regression analysis

Variable b t P

per capita subsidy -2.3429 -1.797 0.0998
per capita squared 2.9716 2.279 0.0436

F 7.00 0.0109
Model 0.56
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The results indicate that the overall regression model is significant ( F ^ = 7.00, p < 0.05). The 

quadratic term is significant at the traditional p < 0.05 levels while the first-order term (per capita 

subsidy) is significant at p < 0.10 (which is justifiable on account of the small sample size). The 

results indicate that for every standard deviation change in the per capita squared term, the number 

of plants opened changes by 2,9716 standard deviations.

5.6 Chapter summary

Given that pollution from the paper industry occurs primarily in water and that the environmental 

costs imposed on the economy by polluted water are the highest (see Brandon and Hommann, 

1996 and chapter 4 for details), strict monitoring of these discharges needs to be undertaken. This 

also re-emphasises the need for a speedy development of black liquor recovery methods for plants 

based on non-conventional inputs. Support and sponsorship of such programmes is a necessary 

policy.

When trying to analyze the influences on industry when making a location decision, it is clear that 

non-economic variables do have a role to play. It is clear then that a satisfysing approach to 

location is not uncommon. Mangers react on the basis of their limited knowledge and their past 

experience to decide on a location. Economic variables such as the availability and price of inputs 

also influence the decision. However, what is rather clear is that environmental legislation and the 

severity of enforcement do not influence the choice of location in a major manner. Further, 

environmental control costs account for only a small proportion of the overall costs of the industry. 

This is surprising as these are the factors often raised by business when trying to resist the 

imposition of (higher) environmental standards.

However, incentives do play an important role in the case of small to medium sized plants, 

specially for units based on agricultural residues and bagasse. This is noted from the responses to 

the questionnaire as well as the regression analysis presented above. Overall the study provided 

some useful insights into the industry; insights that provided indications and contributed to the 

results arrived at in the thesis.
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Chapter 6: Summary and conclusions

6.0 A broad overview

The optimal location of industries has important "macro-efficiency" implications for resource 

allocation in a country. An optimal allocation can reduce the net environmental damage which is 

inflicted by productive activity; environmental damage which, in turn, has negative effects on 

productive efficiency through damage to human health (Pearce, 1996). Correct siting of productive 

capacity would ensure minimal environmental damage and could reduce further interventions by 

the government to correct for these market distortions. All these factors lend support for an 

environmental plan for the country which describes the characteristics of the regions as well as 

its sensitivity to various forms of pollution. This would also be of greater importance in 

developing countries, where the greater dependence on agriculture makes them more sensitive to 

negative impacts on the environment (Ghatak, 1981). Optimal allocations would also entail 

defining regions more clearly so as not to allow a highly polluting industry to be sited in an 

environmentally sensitive region. This suggests increased government intervention, but in highly 

targeted areas. With an ‘environmental map’ of the country, and following its social objectives as 

weir^^, the optimal location of productive capacity is attained by the maximisation of the social 

welfare function of the government (chapter 2). Pure environmental programmes cannot correct 

for distortions as the primary purpose of the programmes are allocative; their basic rationale is the 

direction of resource use to achieve desired levels of environmental quality (Baumol and Oates, 

1988). In themselves, they (environmental policies) are not well suited to the achievement of 

distributional objectives - they need to be supplemented. Thus, the social welfare function 

described in chapter 2 should meet the twin objectives by maximising the gain to society while 

minimising the value of the associated losses/ costs, including environmental damage.

However, as our survey has indicated, such an optimal location has not occurred, at least not in 

a semi-planned economy like India. At this point, it might be worthwhile to briefly recapitulate 

the highlights of the various chapters. Figure 6.1 summarises the discussion.

The social objectives of employment generation, dispersal o f productive capacity, etc., as has been specified 
earlier (Appendix II).
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Figure g’.l: Overview of thesis
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The government was the first mover in industrial location decisions in India, adopting a socialist 

planner role for itself at the time of Independence in 1947 (chapter 1 and Appendix II). Since then, 

while industrial location policy has been in force, it has not been followed through so as to ensure 

its effectiveness. The policy of backward area development appears more as a token gratification 

of social and economic ideals rather than a commitment to solving the problem of unbalanced 

(industrial) development in the country (Appendix II). In tandem with an environmental policy, 

such an objective (of balanced regional development), could have gone far in easing not only the 

environmental problems (chapter 4) that have emerged in the large cities, but also to alleviate the 

problems of migration, congestion, etc; problems which have arisen due to the economic 

conditions in the backward areas, disparities between urban and rural areas, etc.

However, as is apparent from the state of the environment (chapter 4), not only did environmental 

considerations emerge some 40 years later, but were additionally hamstrung by problems such as 

a prolonged initiation; poor enactment and inadequate enforcement (chapter 4). The problems arose 

due to a limited public support for the measures, poor legislation and inadequate infrastructural 

support for the enforcing agency (chapter 4). Further, the ill-targeted subsidies added to the 

environmental problems the country faces today.

Given the environmental problems facing the country, the thesis focused on one of the five most 

polluting industries in India (see Table 5.1.1 and 5.1.2), ie.the paper industry. Considering the 

response of business, we focus first on the location process. Right at the start, business has to 

decide where to establish the plant. Traditionally seen, the factors that affect this decision are 

availability of land, raw materials, power, water, transport facilities (see chapter 2 and section 5.4 

for details). This decision framework, however, can be influenced, and altered, by (a) government 

subsidies, (b) environmental legislation, or (c) corruption. Government subsidies, available for 

location in only certain regions’̂ , can affect the expected pay-offs for a firm and hence the 

location decision. Details of the incentives can be found in Appendix II and sections 5.2 and 5.4. 

If this location decision is ‘sanctioned’ by the issue of a licence, it could result in competition 

among firms for the allocation of this sanction (see chapter 3 for a description). In such a situation, 

either the firms offer a bribe for the licence or the officer demands one for it. In either case, this 

affects the firms as a one-time payment for the right to produce; and if the expected profits are 

greater than the value of the bribe, the firms would prefer to pay the bribe to secure the right to 

produce.

The regions being selected on the basis of a pre-determined criteria (see chapter 5).
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Turning now to environmental legislation, business has been slow in its compliance as they see 

such investments as an impediment that adds to the cost of production (section 5.4). Nevertheless, 

some compliance has taken place due to a fear of expected penalties, loss of public standing, etc, 

(section 5.4). One method by which business can get around paying the expected penalties, when 

non-compliant, is by bribing the enforcing agency*^*. Such a situation arises when the market 

for corruption is deep (chapter 3). Corruption could arise at any stage of the enforcing process - 

the enforcing agents could be bribed even before the audit is carried out; or after the audit and 

when the firm is found to be non-compliant; or between the time the firm is found non-compliant 

and before prosecution is initiated*^ ;̂ and lastly after the firm has been prosecuted but before 

it pays the fine'^^. In the last case, the fine would be paid if it is lower than the bribe demanded, 

unless there are other hidden costs with the fine. Further if pollution control expenditures are seen 

to be lower than the bribes demanded, business would prefer to invest in pollution control* '̂*. 

In the case of the paper industry in India, it has been seen that the costs of bribing are 

significantly lower than the costs of pollution control. This generates an environment in which 

firms would find it economic to bribe rather than to invest in pollution control.

In attempting to address all these issues in one broad frame, we arrive at the model (chapter 2). 

Using the questionnaire and a variety of other sources, we try to determine the range of the bribe 

made by/ to the enforcing agency (chapter 3). We do not attempt to do the same for the one-time 

bribe due to the impossibility of even hazarding a guess at the range.

Much of the new approach to the problem of industrial location emerged from the insights 

provided by the industrial survey undertaken in India on the paper industry. This was the first of 

its kind and the findings support some well documented literature. A brief review is presented.

We do not consider the case of extortion, where despite nieeting the standards biisinessmen are forced to pay 
a bribe.

This assumes higher level collusion in the bribing process.

This assumes a period within which the firm must comply. If this adjustment period is absent, bribing at this 
stage implies higher level collusion.

Thus a solution for environmental problems, with corruption, could lie in extremely/ highly corrupt auditors. 
In this case, the bribe demanded would be far higher than the required investments in pollution control.
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6.1 New findings from the industrial survey

The study collated new information on the paper industry; some of which had not been published 

through other studies. It noted the industry’s attitude towards pollution control, environmental 

legislation and government interventions. Some of the highlights of the study are presented below

- The listing of the variables influencing the choice of industrial location. The ranking of 

the variables fitted well with intuition, ie.the availability of inputs were of prime 

importance in choosing any location. The order of ranking, too, fitted well with theory/ 

process information. Backward area incentives ranked higher than government 

interventions in the industry. The factors appear to support the contention that the industry 

would establish itself in relatively backward areas, if concessions were available, the price 

of land low, and the corresponding transport connections were available. While backward 

area incentives were welcomed by the industry, it was noted that they were mostly availed 

by agro-based units (section 5.4.5). These units would have located in an industrially 

backward/ agricultural area, given the (local) availability of raw materials and the (high) 

transportation costs associated with the movement of a low-weight, high-volume product. 

It then appears that subsidies went to industries which would have, in any case, located 

in backward areas.

- The survey also provides a listing of variables that affect expansion plans. Some small 

units wanted to expand capacity in order to reach the minimum economic size for 

recovery of chemicals in the black liquor.

- In cases where control technology exists, the recovery (of chemicals) was undertaken. 

In case of small plants and those based on agricultural residues, the technology was still 

in the pilot stage.

- The cost of air and water pollution control and solid waste disposal, individually, lay 

under 2% of the annualized operating costs.

- Most firms felt that complying with environmental legislation added to the costs of 

production but did not affect the efficiency of production. The amount of increase in the 

total cost of production attributable to environmental legislation was generally less than
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2%, and for 90% of the respondents this proportion fell under 5%. While the percentage 

appears to be small (a) the profit margins of the industry; (b) the relative cost of the 

industry itself; and (c) the opportunity cost of the capital need to be considered. The 

results fit well with Leonard’s (1988) hypothesis that the percentage of pollution control 

costs is low as well as within Tobey’s (1990) range of 1.92-2.89% for pollution intensive 

industries.

- As a proportion of capital costs, investment in pollution control equipment stood 

between 5-10%. This was expected to increase by more than 4%. The prime reason for 

this expected increase was attributed to price increases. Since world trends reveal a decline 

in the cost of pollution control, this could be attributed to exchange rate fluctuations. The 

range reported supports Jaffe et al’s (1995) stated range for investment in pollution control 

equipment.

- Business hinted that the likelihood of new standards had spurred investment in pollution 

control. This alone seems unlikely to increase compliance. Laplante and Rilstone’s (1996) 

findings that the increased inspections and the likelihood thereof spurring greater 

compliance appears more reasonable. Hence, the replies might need to be weighed by the 

fact that the legislations were to be more strictly enforced.

- Business appeared to prefer a policy of ‘contain and contaminate’ rather than ‘disperse 

and dilute’. The expected impact of differentiated standards was that industry would tend 

to locate in the region with the lowest standard.

- Government interventions in the industry in terms of the tariff regulation, pricing policy, 

and import policies, were poorly rated. Only 18% of the respondents came out in favour 

of government interventions in the industry; ie.most felt that the government had reneged 

on its announced commitments.

The findings indicate that the government had intervened in industrial location directly through 

location policies; economic incentives; etc. as well as indirectly through environmental policy. To 

this extent, their inclusion in the model (chapter 2) is justified. What is important to note, 

however, is that the actual impact of both the direct and indirect policies is low (table 5.4.1). 

Hence, to the extent that these factors were excluded from earlier models, does not detract
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significantly from the results of these models. In short, government interventions are a variable; 

the sensitivity of the location decisions to the interventions being low. This, however, does not 

detract from the fact that firms might be sensitive to individual interventions, such as the 

possibility of increased regulation in the future; greater enforcement; etc. The only valid 

conclusion that appears is that they are variables in the location decision, but with a small 

influence.

6.2 Answering the questions

At the onset, the question raised was what was the optimal location of economic activity? We have 

not been able to estimate this due to data limitations, but a method by which an optimal 

configuration could be estimated has been arrived at, ie.by the maximising of the social welfare 

function of the govemment‘̂ .̂ Nor has the study attempted to estimate the associated welfare 

losses from not having reached the optimal allocation. However, the reasons for this "gap" between 

the optimal and actual allocation/ location of industries are explained.

The reason why resource allocation in the country is important has been discussed above. 

However, such allocations have neither been achieved by the government nor the market. For one, 

the environment has for long been excluded from economic estimates. First order corrections have 

generally been introduced by the government; governments' forcing firms to consider the 

environment through the setting of emission standards for the firms. Turning to the case of India, 

government interventions were driven, in addition to others, by backward area development and 

environmental planning. It can be seen that if resources to be committed to abatement are high, 

firms would prefer not to comply with the regulation. In order to control this reneging, 

governments would have to enforce the legislation giving rise to the case of second best situations. 

The amount of enforcement activity would be determined by the number of audits the government 

feels it needs to conduct and the cost per audit. The likelihood of being audited combined with 

the expected penalty in case of non-compliance should induce compliance in the firms. However, 

this is not the only factor influencing compliance - if there exists a possibility of corrupting the 

enforcing agent, then again firms need not be compliant. It is now worthwhile to see how the 

questions raised at the onset of the thesis have been answered. We deal with each of the initial

Of course, such an approach assumes that the government has full information and is able to maximise this 
complex social welfare function, without any additional losses to society. To that extent the government 
operates like the Walrasian arbitrator in the market clearing solution.
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hypotheses of the introduction.

6.2,1 Environmental criteria not incorporated in location guidelines

It is obvious that since environmental criteria emerged some 40 years after Independence, these 

considerations were ignored by the planning objectives in the initial stages. Further, backward area 

development received only token support; the dispersal of industry was not achieved; industry 

tending to concentrate (and contaminate) itself in regions with a head start. Some régionalisation 

occurred in the paper industry in the early to mid-eighties; this being more in response to 

government incentives for small paper mills based on non-conventional residues rather than 

environmental legislation or regional policies. Further, in terms of their environmental impact, the 

effect of this legislation was close to a disaster since it resulted in the discharge of large quantities 

of untreated black liquor. Hence, not only was environmental legislation inadequate in controlling 

the discharges, they were often subverted by policies promulgated by the government.

This lack of emphasis on environmental concerns is also reflected by businessmen. Had 

environmental standards been rigorously enforced, significantly differentiated standards adopted, 

and with a substantial investment in pollution control, environmental considerations in siting 

decisions would have emerged as significant. This was not the case, as was indicated by the 

industrial survey. Whether this neglect emerged from poor enforcement or a deliberate neglect of 

the environment, it is not clear. While the environmental laws suffer from certain weaknesses, they 

(the weaknesses) are ubiquitous to environmental legislation across the world. Hence poor 

enforcement through either a weak administrative set-up or a deliberate neglect can be held 

responsible. This deliberate neglect or lack of emphasis on environmental considerations by the 

government need not be totally criticised. Environmental considerations are shown to emerge as 

a significant variable once certain levels of per capita income are reached. Given the relatively low 

levels of per capita income that continue in the country, it can be reasonably expected that the 

government tended to accord environmental considerations considerably lower priority than they 

deserved. While this could excuse the past exclusion'^^ of the environment, the current state (of 

the environment) makes it imperative that strong and immediate action is taken. For one, India 

does not have to repeat the mistakes made in the industrialised nations, and secondly, since much 

of the problem is of a non-reversible nature, there appears little justification for bequeathing future 

generations with higher costs of clean-up (Ghatak, 1981). What is required by the government is

Given the public good nature of pollution, especially where health is concerned, both industrialised and 
developing countries are at equal risk. On those grounds such an exclusion cannot be justified.
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to set the correct price for environmental goods such that their total economic value*^  ̂ is 

reflected.

6.2.2 Corruption undermines the planning process

While the extent of corruption and the value of the bribe cannot be stated with certainty, the 

problem does exist*̂ ®. As has been modelled, if the market for corruption is deep, the firms see 

the probability of being caught for non-compliance as low or non-existent and with high costs of 

pollution control, a bribe will be offered. This payment occurs if, and only if, the value of the 

bribe lies between the two values of the costs of the penalty and that of pollution control. The 

reason for the emergence of corruption in a country is unknown, but it adds a new dimension to 

the planning process - it undermines it. In the case of emission control, this would lead to firms 

being given a clean chit when, in fact, they are non-compliant. The planning process is, thus, 

subverted by the enforcing agency. The expected range of the bribe is estimated in the section 

(section 3.6) above. As has been determined, the range of the bribe is large, implying that if the 

government really wants to enforce environmental or other legislation, enforcement backed up by 

regular monitoring of both the plants as well as the enforcing agency will have to be increased. 

Alternately, larger subsidies for investment in pollution control would need to be granted’ 

However subsidies are not without their own costs. Such measures as (a) increasing the probability 

of detection’'*® and fining in case of non-compliance and (b) decreasing the investment cost in 

pollution control, could serve to induce greater compliance by the firms. This could then result in 

fewer bribes being offered by non-compliance with environmental regulation. Alternately, as is 

currently being carried out, strict anti-corruption drives might need to be carried out. This might 

help thin out the market for corruption, making transactions more difficult to establish and carry 

through. Such a measure needs to be carried out with caution as it could backfire by making such 

transactions more secret and with higher payments (the case is for a bribe demanded).

The total economic value of a resource is reflected in the actual use value (or option price which is the sum 
of the expected consumer surplus and the option value) of the good plus its non-use values (Pearce, et al, 
1991b).

This was admitted to by some o f the firms interviewed.

This suggestion has appeal on distributive grounds but needs to be looked into completely as it could lead to 
the entry of new polluting firms (Baumol and Oates, 1988).

through increased inspection and the threat of inspection. This, however, can be subverted by corrupt officers.
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6.2.3 Subsidies add to existing distortions

There is no dearth of literature on the undesirable consequences of subsidies. The main aim of the 

thesis is not to try and quantify the amount of distortion introduced. However, section 4.7 does 

mention the cost subsidies have imposed on the Indian economy. Findings from the survey serve 

to support the fact that subsidies have introduced distortions. From the industrial survey it emerges 

that it was the agricultural residue based plants that availed of the government subsidies offered 

for location in industrially backward areas. Given the raw material source of these units, it would 

have been expected that they would locate close to the source of the raw material. If a mill 

comprises of both the pulping unit as well as the paper machine, paper making is a weight losing 

activity, ie.the raw material transportation costs are higher than the end-product transportation 

costs. Further, agricultural residues are characterised by their low-weight, high-volume, ie.their 

transportation involves substantial costs. So it would have been expected that such mills would 

have located in an agriculturally rich area; these areas generally being industrially underdeveloped 

ones (comparatively). Thus it can be seen that industries that would have in any case located in 

industrially backward areas were additionally subsidised to locate there. To this extent, the subsidy 

constitutes a dead-weight loss, and inefficiency to the economy.

The thesis is, therefore, an attempt to see how situations of macro-efficiency might be reached and 

what the reasons are for non-achievement. The optimal situation is reached through the 

maximisation of the social goals of the government while minimising the environmental damage 

inflicted. This the government attempts to achieve through various public policy instruments it has 

at its disposal. This, of course, assumes that the government operates with perfect information, 

perfect foresight, ie.much like the Walrasian arbitrator in the market clearing solution. This is not 

the easiest assumption to justify given the poor record of the government in the past on issues 

such as incorrect interventions in the market; administered prices sending wrong signals to the 

economy; bureaucratic failure; etc. Nevertheless, we hold the assumption that the theoretised 

optimum is achieved through government interventions. Failure to reach this theoretised optimum 

lies in the factors discussed above, ie.the absence of environmental concerns; the dead-weight 

losses imposed by subsidies and corruption undermining the planning process. However, given the 

low weightage given by industrialists to the interventions of the government, it might be possible 

that the distortionary effects of the subsidies are minimal. To that extent, the forces that have 

governed industrial location decisions are the ones expected from a private cost minimising 

solution. This implies that environmental costs are ignored and the typical market clearing solution 

is reached; in the absence of corraption.
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APPENDIX 

Appendix I 

First order conditions

Using equation 2.44

L = u " )  -  X, c r  -  p ,  x^)
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-  X^[ { X^ * e  -  S * )  p * *  -

( ( P *  + x ,̂) - Y ,  iOj X,)) + A " ) ]

-  + i3*) -  H*]

the first order conditions are derived to be

d L / d Y ”* = y (X^ e  -

d L/ d U^  = -  X^

d L / d C ^  = A; -  Ay Y e  -

d L j d x  = P i  X  ̂ y e  p ^ ^ i Y ^  -  C^)

-  Xj  ̂ e  -  Xĵ  e  p^^
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dL/de = -  C ” ) -

-  X^ x '^  c*"*

dL/dp‘“= = X^y (x'̂  e - 5*) ( y ” -  c " )  -  A.̂  A 

+ Ag p"* f '= -  A, (X*̂  e  -  5 4  c''*

dL/dP* = - Aft + A, f  (Xft + x„ft)

d L / d c ^ ^  = Xjy e  -  X ^ i X ^  e  -  S ^ )

dLldx^y. = Aft j?t + A, P*

d h / d h  = Xfj -  X̂
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Appendix II

Government directives in the industrial sector in India

A.II.1 Introduction

With Independence in 1947, came the introduction of the socialist pattern of development. Here 

the creation of large scale industry was emphasised as the method of increasing indigenous 

industrial capability and achieving self reliance. An ambitious capital goods strategy was to be 

concomitant with a strategy for balanced regional development, such that the gains of 

industrialisation were evenly spread throughout the country. A large part of India’s industrialisation 

strategy was focused on industrial growth (Rosen, 1986). The main problems plaguing the Indian 

industry at this time were identified as ignorance of manufacturers to western technology; shortage 

of trained labour and consequent inefficiency of Indian labour, despite it being relatively cheap; 

shyness of Indian capital to enter new ventures; small domestic market for consumer goods; and 

poor infrastructural provision in the country (Mukherji, 1985). The government was expected to 

effectively deal with all these problems as well as place the country on the path of rapid 

industrialisation.

Interventions by the state in industrial development were far reaching and were effected through 

(a) the Plans; (b) industrial policy; (c) industrial licensing; (d) import licensing; (e) capital issue 

permission; (f) approval for foreign collaboration; (g) finance capital; (h) monopoly restrictions; 

and (i) price regulations. A brief sununary of the above, their recommendations, results and 

regional impacts is provided in Table A.II.l below. The review focuses on the industrial and 

regional aspects of the documents.
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Table A.II.1: A brief synopsis* of the Plans

Policy Statement/ 
Committee

Year Objectives Recommendations Results/ Policy 
Modifications

Regional Aspects

Statement of 
Industrial Policy

1945 industrialists 
expectations from 
the government

government 
investments required in 
heavy capital goods 
sector

IPR (1948)

Industrial Policy 
Resolution (IPR)

1948 guideline for First 
Plan

formation of core, joint 
and private sector

formation of sectors in 
economy

-no clear policy 
enunciation 
-creation of small 
scale sector using 
local raw materials 
-V SSr to be 
safeguarded through 
provision of 
subsidised inputs

Industries 
(Development and 
Regulation) Act

1949-
51

-to enable 
government to 
implement 
policies for 
development and 
regulation of 
industries 
-prevention of 
monopolies 
-protection of 
VSSI
-distribution of 
industrial activity 
in the country

-all scheduled 
industries to be 
registered 
-licences for new 
capacity or for 
expansion 
-investigations for 
decrease in quality or 
output
-state utilities subject to 
licences; central 
utilities exempt

recommendations 
implemented in First 
and Second Plans

First Five Year 
Plan

1951-
55

-to correct for 
prevailing 
distortions in the 
economy

-investments in power 
sector, irrigation and 
agriculture

-controls on food and 
industrial raw materials 
relaxed later 
-partial delicensing of 
some industries

-sharing of 
production between 
large scale and 
ancillary units 
-curbs on expansion 
through licences 
-VSSI Committee 
(1955) set up to 
provide structure for 
decentralised 
economy through 
dispersal of 
industries

Industrial Policy 
Resolution

1956 -capital goods 
intensive strategy 
for growth

-enhanced role of 
public sector

-classified industries 
according to role of 
state
-disparities in levels of 
industrial development 
to be reduced 
-development of VSSI 
-development of 
indigenous technical 
capacity

-enunciated problem 
of backwardness of 
regions
-suggested provision 
of capacity in these 
regions through 
dispersal of 
industries
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Second Five Year
Plan

1956-
61

to initiate a 
capital intensive 
strategy for 
development

-investments in capital 
goods sector by 
government

-development of public 
sector, investing in 
heavy and capital 
goods sector 
-increased licensing of 
new capacity 
-large tying up of funds 
in long gestation 
projects

-ignored VSSI 
-suggested the 
location of small 
industries ancillary to 
the large ones in 
semi-urban areas

Capital Goods 
Committee

1957 to check pattern 
of investment in 
the country

-DGTD" to look into 
technical aspects of 
proposals and evaluate 
on basis of specific 
criteria

-further complication of 
process of licensing 
-did not curb 
monopolistic trends

Third Five Year 
Plan

1961-
66

to plan
development path 
for the country

-large scale industries 
to make maximum 
contribution 
-need to diffuse 
industries in the 
country
-setting up of nuclei 
industries with 
ancillaries

-continued emphasis on 
large scale industries 
-increased tying up of 
scarce resources

-extension of benefits 
of development to 
backward regions 
-VSSI could be 
scattered across 
country with help of 
government 
-suggested setting up 
of ‘industrial 
development areas’ 
in backward regions 
-provision of basic 
infrastructure 
-setting up nuclei 
projects as growth 
hubs

Swaminathan
Committee

1964 to review 
licensing system

-prescribed 
modifications in 
procedure of issue of 
licences

-11 and subsequently 
29 industries were 
exempt from licensing

Mahalanobis
Committee

1960-
66

to study changes 
in wealth and 
income in country 
and concentration 
of economic 
power

-fragmentation of 
industry would be 
uneconomic

-MRTPA'

Hazari Committee 1966-
67

look at operation 
of licensing 
system and 
suggest 
improvements

-licences were principle 
instrument of control 
-use of taxation and 
credit system to 
achieve same goal 
-targets should be clear 
and consistent with 
projected capacity, 
output
-large industrial groups 
not to receive funds 
from financial 
institutions 
-fiscal and tax 
concessions should 
match governmental 
priorities

-recommendations were 
too strong for 
government and so 
largely ignored
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Industrial 
Licensing Policy 
Inquiry Committee

1967 functioning of 
licensing system 
and suggest 
policy
recommendations

-procedures were 
confusing 
-should control 
concentration of power 
-should help in regional 
dispersal of industries

-further clarification of 
system
-delicensing of some 
industries

Stagflation of the 
mid-sixties'

-lack of effective 
demand 
-investments in 
industries with long 
gestation periods 
-decrease in aid inflows 
-border wars

-reduced investment of 
government in 
infrastructure 
-relatively increased 
emphasis on agriculture 
-constrained private 
capacity creation

Pande Working 
Group

1968-
69

to suggest criteria 
for identification 
of backward areas

criteria for 
identification 
-total p.c.i^. of the area 
-p.c.i. from industry 
and mining 
-no. of workers in 
registered factories 
-p.c. annual 
consumption of 
electricity
-length of surfaced road 
in relation to 
population and area of 
state
railway mileage in 
relation to population 
and area of state

-basis for guidelines set 
by Planning 
Commission

Wanchoo Working 
Group

1968-
69

to suggest 
incentives for 
industries in 
backward areas

-Incentives suggested 
-higher development 
rebates
-exemption of 
income/corporate tax 
for 5 years after 
development rebate 
-exemption of import 
duties on plant and 
machinery
-exemption of excise 
duties for S years 
-exemption of sales 

tax on raw materials 
and output for 5 years 
after production 
-transport subsidies for 
5 years
-disincentives against 
concentration

-partly adopted by 
Planning Commission
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Planning
Commission

1969 finalisation of 
criteria for 
identification of 
backward areas

Identification basis -246 of 345 districts
-p.c. foodgrain/ declared industrially
commercial crop backward
production -subsidies offered
-ratio to population of ajconcessionary finance
agricultural workers bjcentral investment
-p.c.industrial output subsidy
-no.of factory cjcentral transport
employees (per 1CX),000 subsidy
of population) d)hire purchase
-p.c.consumption of facilities
electricity ejincome tax relief
-length of surfaced f)others
road/ railway mileage -spread finances over
in relation to large area, diluting
population effectiveness

Monopolies
Inquiry
Commission

1966 the extent and 
effect of 
concentration of 
economic power, 
factors
responsible and 
social
consequence

-concentration existed 
as a result of 
development pattern 
adopted 
-setting up of 
permanent body to 
control concentration, 
issue of licences,ensure 
consumer protection

-passing of the 
Monopolies and 
Restrictive Trade 
Practices Act of 1969 
-setting up of 
Monopolies and 
Restrictive Trade 
Practices Commission

Fourth Five Year 
Plan

1969-
74

to achieve self 
reliance and 
increase non-farm 
employment in 
the country

-more comprehensive 
strategy for rural 
development 
-to increase 
employment, extend 
base for social services

-increased schemes for 
poverty alleviation and 
employment generation 
-nationalisation of 14 
commercial banks

-more comprehensive 
programme 
-dispersal of 
industries through 
conscious policy of 
incentives, facilities 
and assistance 
-ancillary industry 
creation stimulated

Industrial 
Licensing Policy

1970 to specify a 
development 
policy for the 
country

-specified core, joint 
and middle sector 
-development of VSSI; 
raising investment limit 
for industries in this 
category
-development of joint 
sector

-not much since had 
very short period of 
implementation 
-failed to control 
concentration; relied on 
traditional methods of 
control

Industrial 
Licensing Policy

1973 to direct 
investments for 
Fourth and Rfth 
Plans

-government to be 
granted increased 
powers to control 
concentration of 
economic power 
-no foreign investment 
permitted in core sector

-confusion due to host 
of regulations 
-increased powers to 
government to control 
industry
-withdrawal of some 
foreign companies from 
India

Fifth Five Year 
Plan

1974-
79

removal of 
poverty and 
achieving self 
reliance

-policies to increase 
employment in rural 
areas
-backward region 
development given area 
dimension

-more broad based 
approach to solving 
backwardness of 
regions

-development and 
growth of backward 
regions emphasised 
-area approach 
adopted
-identified reasons 
responsible for 
backwardness 
-reinforced 
organisational set-up 
to cope with problem
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Statement of 
Industrial Policy

1977 to protect VSSI -to raise exemption 
limit of VSSI 
-limit to investment to 
be removed 
-stipulation on import 
of raw materials and 
components to be 
scrapped
-more industries to be 
exempt from licensing 
-all VSSI and some 
ancillary industries to 
be exempt from 
licensing requirements

-tilted in favour of 
VSSI
-some industries 
delicensed
-not really implemented

-set all development 
plans in context of 
VSSI
-not implemented

Statement of 
Industrial Policy

1980 restructuring of 
economy with 
emphasis on 
growth

-optimum utilisation of 
capacity
-maximum productivity 
and high production 
-increased employment 
-strengthening 
agricultural base 
-promotion of export 
oriented and import 
substitution industries

"ancilliarisation" of 
industries
-minor opening up of 
the economy 
-setting up of export 
oriented units 
-establishment of 
export promotion zones

-creation of nuclei 
industries to scatter 
gains of development 
-redefîned limits for 
small and ancillary 
industries

National
Committee on the 
Development of 
Backward Areas

1981 to improve the 
implementation of 
backward area 
development 
plans

-cut off criteria for 
selection of area 
-100 centres to be 
selected for assistance 
during 6th Plan 
-each centre to have 
Regional Development 
Authority
-state governments to 
help in infrastructure 
provision 
-Central Capital 
Subsidy scheme to 
continue

-Rs.500,000 allocated 
to each block atuiually 
-transport subsidy 
scheme to continue 
-central capital subsidy 
scheme continued

-states too offered 
subsidies such as 
investment subsidies, 
sales tax, octroi, and 
power tariff 
concessions, 
concessional water 
cess and subsidies on 
land

Sixth Five Year 
Plan

1980-
85

-enhancement of 
manufacturing 
capacity 
-promotion of 
capital,
engineering and 
export goods 
-energy efficiency 
improvements 
-backward area 
incentives

-incentives for export 
industries 
-increasing capital 
output ratios 
-relaxation of licensing 
procedures

-continuation of policy 
recommendations of 
SIP (1980)

-increased
disbursement through 
doubling share in 
Gadgil formula 
-Rs.5(X),000 per 
block annually 
-concessional 
finance, seed capital, 
investment subsidy 
-disbursements of 
Rs.IOO crore under 
the subsidy schemes
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Seventh Five Year
Plan

1985-
1990

to overcome the 
grim financial 
situation and the 
BOP crises; 
availing of the 
IMF borrowings

-new finance policy
a)removal of 
restrictions on interest 
rate structure for 
private sector; non 
interference from 
government in setting 
rates; enhancement of 
rates
b)SEBI to have full 
control over capital 
market
c)strengthening capital 
base of banks
-new trade policy
a)firms earning for ex, 
allowed to import 
goods; removal of 
restriction on imports 
of capital goods
b)MNCs permitted to 
invest up to 51% of 
equity
c)reduction in export 
subsidies; liberalisation 
of import of technology
d)introduction of exim 
scripts
-new industrial policy
a)only 18 industries on 
scheduled list
b)removal of 
restrictions on size 
capacity, takeovers, 
mergers
c)raising foreign equity 
participation, automatic 
clearance of 
investments, removal of 
some location 
restrictions
d)private participation 
in core sectors
e)limited exit of sick 
units; disinvestment of 
up to 20% of govt, 
equity

-liberalisation of 
economy 
-greater foreign 
investments
-disinvestment by govt, 
-inflation crossing 10% 
-reduction in fertiliser 
subsidy
-neglect of VSSI 
-increasing rate of 
interest lead to cost- 
push inflationary 
pressures
-persisting dualities in 
system

-hardly any 
-some location 
restraints removed

New Economic 
Policy

1990 -to correct for the
continued
stagnation of the
economy
-to step up the
liberalisation
process

-new policies on 
investment limits 
-new credit policies 
-easing of FERA** and 
MRTP restrictions 
-development of export 
sector
-inclusion of private 
sector in traditionally 
public sector ventures

-51% foreign capital 
investment permitted 
-broadbanding and 
delicensing
-new policy on Drugs, 
Mineral, Telecom, Air 
corporations 
-impetus to exports

-five year tax holiday 
to new industries in 
backward areas
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Eighth Five Year 1990- -main focus on -generation of -increased
Plan 1995 human resource employment rationalisation of

development -provision of health licensing procedures
issues facilities, safe drinking -increased delicensing

water, primary and broadbanding
education
-development of
agriculture
-strengthening of
infrastructure

Directorate General for Technical Development 
'  Monopolies and Restrictive Trade Practices Act 
“ Foreign Exchange Regulation Act
' not a policy statement but it affects subsequent investment plans and patterns 
 ̂ per capita income

* complied from Ahluwalia, 1985; Alagh, 1987; Bardhan, 1984; Bhatia, 1987; Bhattacharya, 1990; Chaudhuri, 1978a; Chaudhuri, 1978b; 
Das and Pant, 1990; Datta-Chaudhuri, 1990; Ghosh, 1987; Government of India, 1981; Government of India, 1969a; Government of 
India, 1969b; Government of India, 1969c; Government of India, 1967; Government of India, 1965; Government of India, 1964b; 
Government of India, 1964c; Government of India, 1981; Government of India, Economic survey; Government of India, Five year 
plans; Government of India, Annual budget; Guha, 1990; Hicks, Mukheijee, and Ghosh, 1984; Inoue, 1992; Kelkar and Kumar, 1990; 
Krishna, 1974; Kulkami, 1971; Mishra and Puri, 1990; Nayyar, 1978; Patel, 1993; Patel, 1985; Paul, 1979; Rangarajan, 1982; Rees, 
1984; Rosen, 1986; Roy, Tisdell, and Sen (eds.), 1992; Sen, 1990; Sethi, 1992; Shetty, 1978.

A.II.2 Some highlights of backward area development policies

During the period of the Annual Plans (1966-69), The Committee of the National Development 

Council set up two committees in 1968 to i) suggest steps to identify industrially backward areas; 

and ii) to recommend fiscal and financial incentives for the promotion of industries in these areas. 

The Pande Working Group (1968-69) (Government of India, 1969c) laid down the following 

guidelines for identification of backward areas which would qualify for special treatment and 

incentives by the government:

a) the total per capita income of the area

b) the per capita income from industry and mining

c) the number of workers in registered factories

d) the per capita (annual) consumption of electricity

e) the length of surfaced road in relation to

i) the population

ii) the area of the state

f) the railway mileage in relation to

i) the population

ii) the area of the state

The Working Group advocated that each state and/or union territory should identify three to six
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backward districts of which a total of twenty would be selected for incentives in the Fourth Plan. 

The Wanchoo Working Group (1968-69) (Government of India, 1969b) suggested the following 

incentives for the setting up of industries in backward regions

a) granting of higher development rebates

b) granting of exemption of income tax/ corporate tax for a period of five years after the 

development rebates

c) exemption of import duties on plant and machinery and components

d) exemption of excise duties for a period of five years

e) exemption of sales tax on raw materials and output for five years from the date of 

commencement of production

f) transport subsidies on finished goods for a period of five years

The Working Group also suggested disincentives against concentration; the disincentives varying 

from the banning of new licences issues to the discontinuation of power, punitive tariffs for water 

and power.

The recommendations of both the working groups were considered by the National Development 

Council, who felt that the guidelines for selection of backward regions should be done by the 

Planning Commission, in consultation with the state governments. The Planning Commission 

(1969) finalised the criteria for the identification of backward areas.

On the basis of the mentioned criteria (largely those suggested by the Pande Working Group), of 

the 345 districts in the country 246 (ie.71%) were declared industrially backward. Of these, 125 

were considered for the central government capital subsidies. These subsidies (agreed to by the 

National Development Council, 1969) comprised

a) concessionary finance by all term lending institutions (eg. Industrial Development Bank 

of India, Industrial Finance Corporation of India, Industrial Credit and Investment 

Corporation of India, etc.) in the country. Concessionary finance included lower rates of 

interest; longer periods of moratorium (5 years); longer amortisation periods (15-20 years); 

reduced commitment charges; lower underwriting commission on shares and debentures; 

and participation in risk capital.

b) central investment subsidy covered industries with a cost of less than Rs.5 million for
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an outright subsidy grant equivalent to 10% of the fixed capital investment. The grant was 

applicable to both initial investments and expansion plans; subject to a ceiling of 

Rs.500,000. The number of districts covered under this scheme were more than that 

recommended by the Pande Working Group, implying that resources were spread thinly 

over a wide area. In 1973, the scheme was revised, with the subsidy being increased to 

15%, subject to a maximum of Rs.1.5 million.

c) central transport subsidy met up to 50% of the transport costs for raw materials and 

finished goods, between selected railheads and locations of industrial enterprises in 

selected areas.

d) hire purchase o f machinery from the National Small Scale Industries was available to 

industries in backward areas. Enterprises were given preferential treatment for the import 

of machinery, raw materials and components.

e) income tax relief to the extent of 20% on profits for computation of assessable income 

was provided to industries.

f) other concessions were provided, but the range and coverage varied between both states 

and between regions. Broadly these included fiscal, financial and others such as marketing 

support, price preferences, etc.

Recognising that the problem of backward areas continued to persist, the government set up the 

National Committee on the Development of Backward Areas (NCDBA) in 1981. The report was 

to suggest methods of development of backward areas through industrialisation. It suggested an 

allocation of Rs.500,000 per year for each block identified under the project. Other incentives to 

be provided were: concessional finance, margin money, central investment subsidy scheme, and 

investment subsidies. The Committee felt that the present system of disbursements of investment 

subsidy and concessional finance had benefitted only backward areas that were adjacent to 

developed areas. The industrial estate progranuiie, too, had been ineffective. The Committee 

suggested the establishment of the National Development Authority in selected areas to provide 

the necessary infrastructure in order to attract investment and channelise the funds received. It 

emphasised the necessity of small and tiny industries to backward areas, with the development 

plans being drawn up around clusters of small and tiny industries.
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Appendix III

Laws enacted by Parliament and the state legislatives (Singh, 1989)

1. The Union list

Air Pollution

a) The Indian Boilers Act, 1923

b) The Mines and Minerals (Regulation and Development) Act, 1947

c) The Factories Act, 1948

d) The Industries (Development and Regulation) Act, 1951

e) The Air (Prevention and Control of Pollution) Act, 1981

Water Pollution

a) The River Boards Act, 1956

b) The Merchant Shipping (Amendment) Act, 1970

c) The Water (Prevention and Control of Pollution) Act, 1974

d) The Water (Prevention and Control of Pollution) Cess Act, 1978

Radiation

a) The Atomic Energy Act, 1962 

Pesticide

a) The Poison Act, 1919

b) The Factories Act, 1948

c) The Insecticides Act, 1968

2. The State list

Smoke Control

a) The Bengal Smoke Nuisance Act, 1905

b) The Maharashtra Smoke Nuisance Act, 1912

c) The Gujarat Smoke Nuisance Act, 1963
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Water Pollution

a) The Orissa River Pollution Prevention Act, 1953

b) The Maharashtra Prevention of Water Pollution Act, 1969

Pest Control

a) The Mysore Destructive Insects and Pests Act, 1917

b) The Andhra Pradesh Agricultural Pest and Disease Act, 1919

c) The Assam Agricultural Pest and Disease Act, 1954

d) The Uttar Pradesh Agricultural Disease Pests Act, 1954

Land Utilization and Land Improvement

a) The Bihar Wastelands (Reclamation, Cultivation and Improvement) Act, 1946

b) The Andhra Pradesh Improvement Schemes Act, 1949

c) The Acquisition of Land for Flood Control and Prevention of Erosion Act, 1955

d) The Delhi Restriction on Uses of Land Act, 1964

Noise Pollution

a) The Motor Vehicles Act, 1939

b) The Bihar Control of the Use and Play of Loudspeakers Act, 1955

c) Grant of Permission under the Himachal Pradesh Instruments (Control of Noise) Act, 1969

3. The Concurrent list

a) The Indian Forest Act, 1927

b) The Ancient Monuments and Archaeological Sites and Remains Act, 1958

c) The Wildlife (Protection) Act, 1972

d) The Prevention of Food Adulteration Act, 1974

e) The Urban Land (Ceiling and Regulation) Act, 1976

f) The Forest Conservation Act, 1980

g) The Environment (Protection) Act, 1986

h) The Indian Fisheries Act, 1987

The Prevention of Food Adulteration Act of 1974 can be used in lodging protests against the 

excessive use of fertilizers and pesticides; The Ancient Monuments and Archaeological Sites and 

Remains Act, 1958 can be used in cases against air, water, etc. pollution.
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Appendix IV 

Survey of environmental legislation in India 

A.rV.l Water (Prevention and Control of Pollution) A ct 1974

Until 1974, water pollution was considered a local problem, despite its interstate characteristics. 

A few states (Orissa, Punjab, West Bengal, Jammu and Kashmir, Maharashtra) did attempt to 

introduce some sort of control/ legislation in the 1950’s and I960’s, but with limited success. The 

Water Act came about more as a response to health problems, rather than to environmental 

considerations (Khator, 1991). The initial hesitancy on the part of the centre to intervene stemmed 

from the fact that water is on the state list and hence the centre could not intervene - at least not 

without two or more states directly seeking central intervention. In this case, even with central 

legislation, the directives initially applied only to consenting states, with a phased enforcement for 

the entire country. These initial problems were compounded by the fact that at that time, only 

distribution of water was considered to be a problem.

The scope of the (Water) Act is quite broad, covering all physical, chemical and biological aspects 

of water pollution, plus damage to human lives, plants, animals, and aquatic organisms. It aims 

at maintaining the wholesomeness of rivers and water bodies. One of the prime outcomes of the 

Act was the establishment of Water Boards, to ensure the enforcement of the law. As a 

consequence, an extensive bureaucratic network of a central Board, state Boards and joint Boards, 

came into existence. The primary objective was "to promote cleanliness of streams and wells". The 

role the Boards were to assume were those of advisory, planning and implementation of pollution 

control programmes; coordination of activities; settlement of disputes; provision of technical 

assistance; planning and training of personnel; collation and compilation of technical and statistical 

data; information dissemination and awareness campaigns. State Pollution Boards were established 

at the state level, whilst the union territories came under the purview of the central Board. A State 

(Pollution Control) Board officer was invested with the power to take samples for analysis, from 

any stream or well or sewage or trade effluent; the report of which had to be submitted to the 

central or state Board. The Boards were then in a position to direct the closure, prohibition or 

regulation of any industry, operation or process, in case of discharges in excess of standards. In 

case of non-compliance with standards a fine of Rs. 10,000 and/or imprisonment up to a period of 

3 months could be imposed. Continued non-compliance could result in a fine of Rs. 1,000 per day
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and/or an imprisonment period ranging between 18 months to 6 years. The Act allows for the 

supersession of the state and joint Boards by the central Board and the state (central) Board by 

the state (central) government.

In isolation, the Water Act was probably a good piece of legislation, but it failed to make any 

headway in the real world. In the beginning, the Act was restricted to streams and lakes. Only 

subsequently was it extended to cover all water bodies. Further, the Act does not consider the 

‘radiological integrity’ of water (Bajwa and Bains, 1987). The functioning of the Boards left much 

to be desired, being restricted by the inability to issue orders directly (these had to be channelled 

through the judicial process, which is a time consuming process) (Khator, 1991). The Boards are 

not independent, being over-ruled by the central Boards or the government. Offenses are not 

clearly defined and punishment not uniformly applicable; creating loopholes for avoiding 

compliance and punishment. The degree of culpability is defined such that allegations are difficult 

to prove (Bajwa and Bains, 1987). Further, punishment is applicable only in cases where the crime 

has been committed with full knowledge; acts of negligence thus escape retribution. Since the 

policy was instituted at a governmental level and not as a social agenda, it lacked a needs-based 

approach and so failed to attract adequate public support (Khator, 1991). The absence of public 

prosecution, completed the alienation of the people from the Act and its’ implementation. Thus, 

in toto, the policy largely remained an ad hoc response to the problem, getting bogged down with 

governmental bureaucracy and lacking any broad based support. With the implementation being 

left to bureaucrats, ie.their regulatory functions increased, it clearly reveals the absence of a 

comprehensive/ integrated policy and political will in achieving the desired goal.

The Act was amended in 1988 to make it mandatory for all (new and existing) "polluting" 

industries to obtain an environmental clearance. The purview of the Act was extended to cover the 

entire country and all water bodies, including rivers. State Boards were vested with increased 

powers and penalties for non-compliance were doubled. However, the operations continued to be 

hamstrung due to the lack of funds, an inadequate delineation of power between the central and 

state Boards, and the non-existence of third party rights to initiate the litigation process.

A.IV.2 Water (Prevention and Control of Pollution) Cesŝ *̂̂  Act, 1977

Under this Act, the state Boards have the right to levy a cess on all industries that consumed water

and to regulate the discharge of pollution in water. The Act was adopted in 15 states and all the

Tax
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union territories. The cess was to be collected by the state governments and remitted to the central 

government, who redistributed the proceeds. As per the Act, all scheduled industries, ie.those 

specified in Schedule I (given in Appendix II) had to pay the cess. The central government retains 

the right to amend the Schedule. The Rules were published in 1978. The Act has subsequently 

been amended in 1991 and 1992.

A.rV.3 Air (Prevention and Control of Pollution) Act, 1981

International concern for the environment and the political climate in the country were the prime 

motivators for the Act, ie.again one notes the absence of public opinion in advocating for the Act. 

Legally, it is an extension of the Water Act and the Water Boards have been entrusted with the 

additional duties.

The Act defines terms such as "air pollution", "air pollutant", "approved appliance", "approved 

fuel", etc. The definitions are broad and "permit" the slow accumulation of pollutants, since time 

is not taken into account. The Act restrains the emission of pollutants that "maybe or tend to" 

produce adverse effects on human beings, environmental resources and monuments of national 

importance (Bajwa and Bains, 1987).

Both the state and the central boards have the power to make rules, the central Board assuming 

primacy over the state Board. Further, state (central) governments can override the state (central) 

Board when deemed necessary. The state government, after consultation with the state Board, is 

empowered to direct any area in the state as an air pollution control area. The Board can either 

alter the limits of a designated area or can declare a new zone to be control areas. In order to 

operate an industry within such a zone, permission from the state Board had to be sought. No 

industrial plant operating in such a zone is permitted to discharge effluents in excess of the 

standards. The state Board or any officer is empowered to take samples for testing. In the event 

of non-compliance with standards, a fine of up to Rs.5,000 and/or imprisonment up to 3 months 

is possible. Continued contravention of the Act can lead to a fine of Rs. 1,000 per day and a longer 

imprisonment term. Further, the Board can issue directions for the closure, prohibition or 

regulation of any operation or process, or the stoppage of supply of electricity, water or any other 

service by the 1987 Amendment to the Act (Tripathi and Pandey, 1992).

The Act is an attempt to institutionalise the governments' commitments to improving the 

environment in the country. While there is a provision for the establishment of separate air
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pollution control boards, these additional duties were foisted on the already beleaguered (over 

worked, under funded) state and central Water Boards. Since the duty of the Water Boards is 

mainly advisory one, the Act suffered from the same problems that plagued the Water Act: public 

participation was not specifically encouraged, citizens were not allowed to participate in the 

licensing procedures and third party rights were non-existent. Whilst not a product of a 

participatory policy process, this Act had the support of the environmentalists, who by the 1980’s, 

had emerged as a vocal, though not very powerful, group (Khator, 1991). However, the usual 

caveats apply - in the absence of a proper power base and an inadequate enforcement network, the 

Act fails to withstand the onslaught of the dominant interest group, ie.industry.

A.IV.4 Forest Protection Act, 1927

The valuation of forests began with the British - not based on environmental reasons of 

conservation, but rather for reasons of appropriation. This broke down the traditional relationship 

between the users of minor forest produce and their environments and sowed the beginnings of 

an extractive relationship (Khator, 1991). Much of the original flavour of this Act has persisted 

through its numerous subsequent modifications - the Forest Policy Resolution of 1952 and the 

Forest (Conservation) Act of 1980. In all of them, the destruction of forest land for the 

construction of roads, canals, dams, etc., has been deemed acceptable in national interest, 

cultivation, however, is seen as encroachment. While the 1980 Amendment of the Act was an 

attempt to curb this indiscriminate conversion of forest land for non-forest purposes, the state 

governments’ viewed this solely as stalling tactics on the part of the centre. This led the centre to 

ensure the granting of clearances within 15 days of the application, this was repealed in face of 

the vociferous protests by the environmentalists. The implementation of the Forest Act has come 

under severe criticism given that in the interim period 20% of the forest land was lost. Much 

blame has been laid at the doorstep of the forest officials themselves, who are viewed as 

collaborators with local industry in the process of denudation (Khator, 1991).

A.IV.5 The Forest Conservation Act, 1980

The intention of the law is to restrict the diversion of forests for ‘non-forest uses’. The Act also 

advocates the conservation of existing areas, reforesting others and the development of fuelwood 

plantations. The National Wasteland Development Council was established under the aegesis of 

the Act. Other strategies under the Act include the conservation of fragile ecosystems, increasing 

the vegetative cover, and implementing the strategies under the National Wildlife Action Plan, etc. 

Leelakrishnan (1987) feels that the definition of non-forest uses reveals that the law regulates, but 

does not prohibit, forest destruction.
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A.IV.6 Environment (Protection) Act, 1986

In spite of 50 different pieces of legislation, 30 of which focus on the control of pollution itself, 

environmental degradation continued (largely) unabated in the country. Thus, a single 

comprehensive policy to cover the failure of the existing legislations to protect and improve the 

environment was deemed necessary. There was a further desire to fulfil the commitments agreed 

to in the Stockholm Conference (1972). The Environment (Protection) Act, 1986, was a reflection 

of these concerns.

The Act defines terms such as "environment", "environmental pollutant", "environmental 

pollution", etc. It, however, fails to define a time scale over which pollutants are emitted, thereby 

ignoring the consequences of a slow build up of pollutants in the atmosphere. It stipulates that no 

industry, operation or process can emit pollutants in excess of the standards prescribed*'*^. The 

central government coordinates all activities by the state governments; plans and executes a nation

wide programme for environmental protection; lays down standards for emission or discharge 

(varying standards could be in existence); places restrictions on the location of industries*'*^; sets 

procedures to safeguard against disasters, for the handling of hazardous substances; and for 

anything else the centre deems fit. The central government appoints officers for the Act. It can 

close an industry or cut supplies of electricity or water in cases of non-compliance with legislation. 

It also holds the power to enter and search premises in accordance with its functions, to test 

equipment and to collect samples and test them in government laboratories. Officials are granted 

immunity from prosecution in the execution of the legislation. Failure to comply with the standards 

results in a fine of Rs. 100,000 and/or up to five years imprisonment. In case of contravention, an 

additional fine of Rs.5,000 per day and up to seven years imprisonment can be awarded. 

Individuals in charge will be punishable under the Act, unless the offence has been committed 

without the explicit knowledge of the individual (Tripathi and Pandey, 1992). A unique feature 

of the Act is that, for the first time, both the public and the private sectors fall under its ambit 

(Chitnis, 1987).

The Act uses much of the existing enforcement network in reaching its goal. This imposes extra

The standards are provided under Schedules I-IV of the Environment (Protection) Rules, 1986. These are the
standards set by the CPCB.

143 This allows the restriction of industries within areas depending on the environmental standards in the area; 
the maximum emissions allowed in the region; the likely discharge from the plant; the topographic and 
climatic features; the biodiversity which is deemed preserved by the central government; environmentally 
compatible land use; the net adverse environmental impact o f the process; the proximity to human settlements; 
and the proximity to Protected Areas under the Ancient Monuments Archaeological Sites and Remains Act, 
1958 or under the Wildlife (Protection) Act, 1972 or any other protected areas under treaties, etc.
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duties on the already overworked, malfunctioning department. In this way, the effectiveness of the 

Act is preempted from the very start. While nothing new was suggested in the Act, punitive 

measures were of a higher order and the area of applicability extended to cover the entire country. 

Further, for the first time, (limited) third party rights to prosecute were permitted. It is, however, 

necessary that a minimum notice period of 60 days is served, thereby allowing for industry to take 

necessary (corrective) action. But in allowing only the central government to take samples, private 

citizens would find it exceedingly difficult to provide acceptable evidence in court. The Act also 

debars civil courts from entertaining environmental complaints.

A major caveat is that the Act ignores any mention of forests. Further, enhanced penalties may 

not be applicable if they fall under the purview of other existing Acts. As is clearly apparent, the 

Act reposes the central government with extraordinary powers to interfere in the operations of 

industries, processes, etc. in any state in the country. While useful to ensure the harmonisation of 

standards throughout the country, it is a severe infringement of the sovereignty of the states. 

Further, the Act allows for the state governments to override the state Board on any issue (the 

same applies at the centre). This effectively mars the powers and possible actions of the Board. 

Greater good would have been possible had the Boards been left as independent authorities. On 

the other hand, this might not have had the desired spin-offs since the Boards are known to adopt 

a ‘soft’ attitude towards industry (Chitnis, 1987).

A.IV.7 Environment (Protection) Rules, 1986

Under this Act, the central government has been granted the power to prohibit or restrict the 

location of industries and the carrying on of processes and operations in different areas. It must 

also set down the standards for emission or discharge of pollutants from industries, operations, etc. 

specified in the schedule. Further, the central or state government is permitted to specify more 

stringent standards for any industry, operation or process and these must be complied with.

A.IV.8 Environment (Protection) Second Amendment and Rules. 1992

All industries, operations or processes that require consent under the Water, Air or both Acts or 

authorization under the Hazardous Wastes Rules, have to submit an environmental report for the 

financial year to the concerned State Pollution Control Board, with effect from 1993. The Act has 

been subject to further revisions in the following years.
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AJV.9 Hazardous Wastes (Management and Handling) Rules, 1989

This is an elaboration of Rule 13 of the Environment (Protection) Act, 1986. Companies need an 

authorization to handle hazardous wastes. All waste needs to be packaged and labelled, hence steps 

to ensure its safe collection, treatment, storage and disposal through the installation of appropriate 

facilities, technical capabilities and equipment are to be taken. If hazardous wastes are generated 

in quantities greater than those stipulated, further sanction/ permission is required. The state 

government is to periodically publish an inventory of disposal sites within the state, based on an 

environmental impact study. The state government must have a list of such sites. Accidents are 

to be reported to the authorities. Whilst, the import of hazardous wastes for dumping and disposal 

is not permitted, it may be permitted for processing and re-use as a raw material. The central 

government sanctions the import after having received a intimation from the exporter. Appeals 

against the sanction can be made within 30 days to either the state government or the Ministry of 

Environment and Forests (CPCB, 1995c).

Recently the government has agreed to recycle hazardous wastes of industrialised countries - this 

clause providing it with the legal right to do so. The question that now arises is that even if the 

import is solely for processing/ reuse, existing levels of compliance with regulations/ standards is 

so low and monitoring so inefficient, that increased levels of hazardous wastes being dumped in 

the country can be expected.

A.IV.IO Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989

In the case of hazardous chemicals for amounts greater than or equal to the thresholds specified 

a) the site(s) at which this occurs must necessarily be notified/ specified to the authorities, b) any 

change in activity must be reported, c) on- and off-site emergency plans must be clearly specified,

d) persons liable to be affected are to be notified. Packaging and labelling are emphasised to 

increase safety. Further, threshold quantities for transportation and storage are specified for the 

hazardous goods. Again, while the intent is good, the actual Act fails to either restrict non- 

compliance or to safeguard affected individuals. Further, one again notes an absence of public 

participation. Rights to prosecute exist, but they are extremely limited.

A .IV .ll Rules for the Manufacture, Use, Import, Export and Storage of Hazardous Micro

organisms, Genetically Engineered Organisms or Cells. 1989

These Rules are also specified under the Environment (Protection) Act of 1986. No person is 

allowed to transport, import, export, manufacture, process, use or sell hazardous micro-organisms
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or genetically engineered organisms/ cells except with the permission of the Genetic Engineering 

Approval Committee (GEAC). Further, their use in research is only allowed in laboratories notified 

by the Ministry of Environment and Forests (MEF). Notification of interruptions or accidents are 

to be made to the district level authorities, who are required to provide an off-site emergency plan.

A.IV.12 Central Motor Vehicles Rules, 1989

The transport of hazardous goods necessitates the display of the type of good being transported 

and the consignor must comply with the rules laid down for their transport.

A.IV.13 Public Liability Insurance Act, 1991

Death or injury caused due to an accident must be compensated for. The owner must have 

contracts of insurance whereby he is insured against liability to give relief. The government is also 

free to seize hazardous substances, if it has reason to believe that the standards are not being 

complied with. This compensation is limited to accidents involving hazardous substances only. The 

Act was further modified in 1992.

A.IV.14 Public Liability Insurance Rules, 1991

A Public Liability Insurance (PLI) fund can be created by the owner to compensate for any 

insurance liability that comes due. The owner additionally contributes to an Environmental Relief 

Fund an amount equal to the premium payable by the insurer. Compensation levels are relatively 

low, ie.a maximum of Rs. 12,500 of medical expenses and/or Rs.25,000 in case of death. For 

temporary partial disability, a fixed monthly compensation of Rs. 1,000 per month for a maximum 

of three months, so long as the affected individual has lost a minimum of three working days. 

Damage to property is entitled to a maximum compensation of Rs.6,000.
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Appendix V

Environmental impact of the paper industry

When setting up a unit, it is important that the possible environmental impacts of the project are 

analyzed so as to provide the necessary guidelines for siting; system or process modification 

during the (early stages of the) construction and operation phase; the right degree of control for 

pollutant release so as to minimalise the possible impact on the environment; and for 

environmental management. The Central Pollution Control Board (1994) describes the pollution 

potential of the paper industry as the following

Table A.V.1: Pollution potential of the paper industry

Process W ater Air Solid
waste

Combined* 
pollution potential

Sulphate pulp (kraft) W2 A1 S3 High risk

Semichemical pulp W2 A3 S3 Medium risk

Sulphite pulp W2 A3 S3 Medium risk

Paper mill 
(unbleached; kraft)

W2 A2 S3 Medium risk

Wastepaper board 
(with recycling)

W2 A3 S3 Low risk

Wastepaper board 
(without recycling)

W2 A3 S3 Medium risk

Paper board from 
straw/bag

W2 A2 S3 Medium risk

* Water, air and solid waste 

Overall, it can be seen that the pulp and paper industry has a high combined pollution potential 

and hence is best suited for location in low risk zones.

The paper industry consumes a variety of cellulosic fibres derived fromi wood and non-wood 

sources such as bamboo, eucalyptus, bagasse, grasses (salbai, sarkanda, etc.), agricultural residues, 

and waste paper. The possible impacts of the industry stem from

(i) the depletion of wood and non-wood sources leading to deforestation and denudation 

of land cover

(ii) increased resort to monoculture plantations for the growing of eucalyptus, a fast
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growing variety, to meet the requirements of the industry, leading to changed land use 

patterns

(iii) pollution of the land, water and air due to the release of pollutants from the process 

itself.

If based on wood, as is generally the case in the global scenario, the unplanned felling of trees 

could lead to deforestation. While the raising of pulp plantations is a feasible option, it is not 

without its adverse environmental impacts. Pulp plantations typically select fast growing varieties 

and preferably go in for monoculture due to the ease of extracting wood. These fast growing, 

mono-plantations alter site conditions, lead to a loss of biodiversity, and leave the plantations more 

prone to insect attacks. While the incidence of insect attacks could be minimised through extensive 

spraying, it introduces chemicals into the eco-system. Further, if the area between the trees is kept 

cleared, it could lead to problems of soil erosion and with an emphasis on fast growing varieties 

the rapid intake of nutrients could result in soil degradation. All these changes have implications 

for the soil water balance. The eventual impact, however, depends on the land use patterns prior 

to the arrival of the paper industry. An example of a positive spin-off is if the plantations are on 

degraded lands it might actually aid in increasing the local biodiversity.

The production process, itself, consumes large amounts of both water and energy. Associated with 

the inputs of water and energy, the process discharges large quantities of pollutants in to the 

environmental media of air, water and land; the primary recipient being water. A brief listing of 

the pollutants and their impacts are provided; maximum detail being accorded to water pollution.

A.V.l Air pollution

Pulp: The process releases air pollutants such as hydrogen sulphide, sulphur dioxide, methyl 

mercaptan (toxic), dimethyl sulphide (toxic) and dimethyl disulphide. Due to the (characteristic) 

strong odours of the toxic releases initial awareness of the emissions exist. However, continued 

exposure decreases sensitivity (Sell, 1981). The emissions are known to affect buildings and 

materials and paints with lead. Sulphur removal can be done prior to the process.

Paper: Most of the pollution here is that associated with power generation facilities, to meet the 

thermal requirements of the plant.
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A.V.2 Water pollution

Pulp: Most (80%) of the solid wastes can be filtered out with sedimentation tanks or primary 

treatment facilities (Sell, 1981). These wastes are typically comprised of (a) carbohydrates which 

come from cooking wood and contain sugar and sugar derivatives which are a source of BOD; (b) 

foam/discolouring agents which arise from resin, fatty acids, chemicals; (c) colour due to tannin; 

(d) mercury if it is used as a fungicide to preserve chips or as a slimicide to prevent fouling of 

pipes or as a catalyst in the bleaching process. Mercury affects fish and humans; humans being 

affected when they eat fish that have consumed mercury; and (e) there is thermal pollution through 

the discharge of heat which increases rate of metabolism of plants and animals, induces higher 

plant growth, leading to competition for scarce oxygen present in water. Further, the elevated 

temperatures dissolve sludge, which could contribute to a further reduction in the available oxygen 

levels.

Paper: The solid wastes from this part of the mill are primarily in the form of discharge of fines. 

There are also COD discharges.

The volume and characteristics of wastewaters generated by different mills, producing the same 

qualities of paper using the same raw materials and processes, vary considerably. The combined 

pollution load from a newsprint factory is slightly lower than that of a bleached kraft mill. The 

smaller mills vary greatly in the raw materials used as well as their composition; implying a 

greater variation in the wastewater characteristics. Since most of the smaller mills have no 

chemical recovery, their SS, BOD and COD loads per tonne of paper are approximately 2.2, 3.4, 

and 2.7 times greater than a mill with chemical recovery. In other words, a 30 tpd plant would 

discharge a BOD load equivalent to a 100 tpd unit with chemical recovery. On the other hand, a 

small mill using waste paper and pulp would discharge less polluting wastewaters as compared 

to small units with their own pulping facilities - while the SS loads are the same, the BOD and 

COD are 40 and 61% respectively of mills with pulping facilities (Sunderesan, 1995). These can 

be effectively reduced by the adoption of fibre recovery and recycling. Pre-hydrolysis, when 

adopted, can also contain significant amounts of pollutants since the wastewater would have high 

amounts of sugars. Rather than going in for end-of-the-pipe emergency measures a more effective 

and efficient method to control pollution would be to tackle the problem at source.

The water requirements of a typical mill are high with average ratios in the range of 100 t per ton
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paper produced (Elmore, 1993)’"*̂. A third of the heat generated is lost to the effluent stream. 

Overall, the pulp is diluted and thickened 10 times with about 60 tons of water per ton of pulp 

before it is made into paper. While substantial savings are envisaged from mills based on new 

technology, these are limited to wood based mill application only.

Data has been collected on the characteristics of wastewaters from different sections of the pulp 

and paper mill. The focus has been on the organic compounds in the black liquor, wastewaters 

from pulp washing, chlorination, alkali extraction, etc., with a special emphasis on their toxicity 

to fish and other aquatic life. Different wood species vary with regard to their resin acid content; 

which accounts for about 80% of the toxicity in unbleached kraft pulp wastewater. Comparatively, 

softwood contains more resin acids as compared to hardwoods. Long chain unsaturated fatty acids 

are also reported to be toxic to salmonoids, as are chlorinated lignins. Minor toxic compounds 

found in the wastewaters of kraft pulp mills include sodium sulphide, methyl mercaptan, hydrogen 

sulphide, sodium thiosulphate, formaldehyde, and sodium hydroxide (Sunderesan, 1995).

The effluent treatment system adopted depends on the size of the mill, the raw materials used, the 

process adopted, the products produced, the site location, land availability and the characteristics 

of the receiving water body - its size, quality and use. Depending on the site location, the 

treatment alternatives could be one of the following or any combination thereof:

- primary clarifier, with or without colour removal

- biological treatment units eg. aerated lagoon or activated sludge process

- sludge treatment unit consisting of thickener followed by vacuum filters or sand drying

beds

Normally about 75-80% SS, 30-35% BOD and 45-50% COD is removed by the primary clarifier 

(Sunderesan, 1995). For colour removal, chemicals would have to be added which add not only 

to the cost but to the COD count as well. Hence the relative costs of compliance would need to 

be determined. Removal efficiency of the biological units depends upon the system adopted. With 

an aerated lagoon, after the primary clarifier, up to 90% SS and 45% COD can be reduced. BOD 

removal is in the range of 85-90%. With the activated sludge treatment, sludge generation is of 

the order of 0.5 kg MLS S/kg BOD removed. The treatment system, thus, requires careful 

construction, and should include both dewatering with vacuum filters and sludge drying beds.

In India this is much higher for the average plant, ie around 165 t/t paper produced by an agro based unit.
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The typical characteristics of the wastewater after primary treatment are given in the table below 

Table A.V.2: Characteristics of wastewater, after prim ary treatm ent

Inflow Outflow

Colour, Pt/Co unit 500 400

pH 7.5-8.0 7.5-8.0

Total solids, ppm 2000-2500 1500-2000

Suspended solids, ppm 1 0 0 0 70-90

BOD5 100-105 90-95

COD 470-520 300-400
Source: Kao, et al,

The wastewater (after treatment) can be used for irrigation, the organic matter increasing the 

amount of active surface per square inch of soil (Rao, et al, 1995). Water percolating out from the 

fields has been found to be devoid of colour and rich in dissolved oxygen. Rao, et al (1995) 

conclude that there were no adverse effects on the cultivation of sugarcane nor on the soil 

characteristics after three years of using treated wastewater from the paper mill. The use of treated 

wastewater for irrigation appears to be a viable solution to the problems of the paper mills as it 

increases the yield in the surrounding areas; it assures a supply of water for irrigation; it can help 

convert dry land for agricultural purposes; it is an easy solution to treatment of the water; and if 

used for sugarcane cultivation, it increases the supply of sugar as well as bagasse (Rao, et al, 

1995). This could, in turn, lead to increased paper production.

In India, by and large, all mills have a primary clarifier followed by biological treatment in an 

aerated lagoon. This is generally followed by a secondary clarifier. A few mills have sludge 

dewatering beds. The collected sludge is either disposed off on land or sent for landfill operations.

Overall, though producers feel that investment in pollution control is a waste (Wyman, 1995), they 

feel the investment is imperative in order to avoid legislation/ government action and to produce 

the economies of scale associated with the recovery of chemicals from black liquor. Wyman 

(1995) feels that Indian producers can leap-frog into next generation technology, given low current 

level of investment in up-to-date technologies. This, however, assumes that the technology required 

by the industry is ready/ already developed. The assumption holds for wood-based units but fails 

when extended to agro-based plants.
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Appendix VI 

QUESTIONNAIRE

1. Name and Address of plant:

Telephone number: 

Fax/ Telex number:

2. Respondent:

Designation:

3. Does the plant comprise of

only a paper machine / only a pulp machine / both pulp and paper machines

4. Date of commissioning of plant:

a.Installed capacity of plant (tons), as of 1.1.95:

b.Annual turnover (Rs.), as on 31.3.95:

c.Annual Production (tpa), for 1994-95:

d.Maximum production on an average day (tons):

e.Annual Production (metres), for 1994-95:
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f.Was the last year a representative one, in terms of production? Please circle the appropriate 

response Yes / No

g,Could you elaborate in what way the last year was not a representative one?

h.Could information for the past five years be provided for questions 3b to 3e? A table is annexed 

for this purpose

5. Could you indicate the number of people (labour and managerial) employed in 1994-95? 

b.Could you specify the proportion (on a scale of 100) of skilled to unskilled workers?

6 . Does all your wood supply come from you own/manage plantations?

Yes / No

b.Do you own / manage your own plantations?

own all our plantations / manage all our plantations / only part of wood is from own plantations 

/ not applicable

7.1f you have only a paper making machine, do you

not applicable / use imported pulp / use indigenous pulp

8 . What sort of energy do you use? Could you specify the annual consumption and the grade.

Oil: litres

G as:___________ m^

Electricity:__________ kWh

C oal:___________ tons

Others (please specify):_______________
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9. Does the pulping process involve batch or continuous production?

Not applicable / Batch / Continuous

b.What method of pulping do you have

Not applicable / Kraft / Sulphite / Soda / Mechanical / Semi-mechanical / Semi-chemical

c.What method of bleaching do you have at the plant

chlorine gas or water C

sodium hydroxide solution E

sodium or calcium hypochloride He
water solution of chlorine dioxide D

oxygen gas plus alkali 0

hydrogen peroxide P

gaseous ozone Z

sodium or zinc hyposulphite Hs
sulphuric acid A

sulphur dioxide gas 

others/combination (please specify)

S

10, Listed below are several criteria that may have played a part in the choice of plant location. 

For each factor, please indicate the extent to which the factor was instrumental in the decision to 

locate the plant at its current location, rather than elsewhere. Please use the response scale given 

below to indicate your response. For example, if "availability of land" was extremely influential 

in your decision, you would circle the option " 1 "; if "availability of land" was not at all important 

and did not influence the decision in any way, you would circle "5" against the factor.

Scale: 1 - Extremely influential; 2 - Very influential; 3 - Influential; 4 - No very influential; 5 - 

Did not influence at all; 6  - Do not know/ cannot say; 7 - Not applicable
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Factor

availability of land 1 2 3 4 5 6  7

price of land 1 2 3 4 5 6  7

availability of basic raw material (wood, bamboo,

agricultural residues, etc) 1  2 3 4 5 6 7

price of wood/ bamboo, etc. 1 2 3 4 5 6 7

price of pulp 1  2 3 4 5 6 7

availability of power 1 2 3 4 5 6 7

price of power 1 2 3 4 5 6 7

availability of fuel (coal, oil) 1  2 3 4 5 6 7

price of fuel 1  2 3 4 5 6 7

availability of water 1 2 3 4 5 6 7

price of water 1  2 3 4 5 6 7

availability of capital 1 2 3 4 5 6 7

rate of interest on capital 1  2 3 4 5 6 7

availability of transport facilities 1 2 3 4 5 6 7

price of transportation 1 2 3 4 5 6 7

availability of unskilled labour 1 2 3 4 5 6 7

availability of skilled labour 1 2 3 4 5 6 7

existing wage rate 1 2 3 4 5 6 7

availability of other chemicals 1  2 3 4 5 6 7

availability of infrastructure 1 2 3 4 5 6 7

import tariffs and duties 1 2 3 4 5 6 7

export incentives 1  2 3 4 5 6 7

existence of lower royalties for use of forests 1  2 3 4 5 6 7

possibility of acquiring land for own plantations 1  2 3 4 5 6 7

proximity of demand centre/ market

security of supplies of raw materials eg.possibility of

1  2 3 4 5 6 7

entering into contracts for wood 1 2 3 4 5 6 7

availability of government incentives for backward area development 1  2 3 4 5 6 7

availability of government subsidies/incentives to industry 1  2 3 4 5 6 7

historical factors, ie.an existing unit at the site 1 2 3 4 5 6 7

founder was bom in the area 1  2 3 4 5 6 7

other personal factors 1 2 3 4 5 6 7

standards set by pollution control board 1 2 3 4 5 6 7

rigour of enforcement of emission standards 1 2 3 4 5 6 7

others, please specify
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11. Would you consider splitting the production process, eg. pulping unit near wood supply and 

then transporting the pulp to the paper-making unit located near the consumption centre?

Not applicable / Yes / No

12. Do you have any expansion plans: Yes / No / Do not know / Cannot say

If No, please go to question 13.

b.Given your expansion plans, do you

plan to install a paper machine / plan to install a pulp machine / plan to expand existing capacity 

/ plan the above at a new site / plan the above at the existing site / others

c.What is the raw material you plan to use wood / agricultural residues / waste paper

d.Has current environmental legislation affected this decision?

NA / Yes / No

If yes, in what way has this been affected 

not applicable / smaller expansion plans / expansion limited to existing facility / developing a 

new site / others

e.Have backward area development incentives affected your location decisions

Not applicable / Yes / No

If yes, could you please elaborate what the incentives were?

f.What were the factors that influenced this decision? Please use the scale to rank the options

Scale: 1 - Extremely influential; 2 - Very influential; 3 - Influential; 4 - No very influential; 5 

Did not influence at all; 6  - Do not know/ cannot say; 7 - Not applicable
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Factor

availability of land 1 2 3 4 5 6  7

price of land 1 2 3 4 5 6  7

availability of basic raw material (wood, bamboo,

agricultural residues, etc) 1 2 3 4 5 6  7

price of wood/ bamboo, etc. 1 2 3 4 5 6  7

price of pulp 1 2 3 4 5 6  7

availability of power 1 2 3 4 5 6  7

price of power 1 2 3 4 5 6  7

availability of fuel (coal, oil) 1 2 3 4 5 6  7

price of fuel 1 2 3 4 5 6  7

availability of water 1 2 3 4 5 6  7

price of water 1 2 3 4 5 6  7

availability of capital 1 2 3 4 5 6  7

rate of interest on capital 1 2 3 4 5 6  7

availability of transport facilities 1 2 3 4 5 6  7

price of transportation 1 2 3 4 5 6  7

availability of unskilled labour 1 2 3 4 5 6  7

availability of skilled labour 1 2 3 4 5 6  7

existing wage rate 1 2 3 4 5 6  7

availability of other chemicals 1 2 3 4 5 6  7

availability of infrastructure 1 2 3 4 5 6  7

import tariffs and duties 1 2 3 4 5 6  7

export incentives 1 2 3 4 5 6  7

existence of lower royalties for use of forests 1 2 3 4 5 6  7

possibility of acquiring land for own plantations 1 2 3 4 5 6  7

proximity of demand centre/ market 1 2 3 4 5 6  7

security of supplies of raw materials eg.possibility of

entering into contracts for wood 1 2 3 4 5 6  7

availability of government incentives for backward area development 1 2 3 4 5 6  7

availability of government subsidies/incentives to industry 1 2 3 4 5 6  7

historical factors, ie.an existing unit at the site 1 2 3 4 5 6  7

founder was bom in the area 1 2 3 4 5 6  7

other personal factors 1 2 3 4 5 6  7

standards set by pollution control board 1 2 3 4 5 6  7

rigour of enforcement of emission standards 1 2 3 4 5 6  7

others, please specify
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13. Could you specify the quantities of air pollutants discharged from the plant?

(Units: kg/ton of paper produced)

Carbon dioxide 

Particulate Matter 

Hydrogen sulphide (HjS) 

sulphur dioxide (SOj) 

methyl mercaptan (CH3SH) 

dimethyl sulphide ((CH3 )2 S) 

dimethyl disulphide (CH3-S-S-CH3)

Oxides of nitrogen

Hydrocarbons/ volatile organic compounds 

Others, please specify

b.Are there air pollution control facilities on-site? Yes / No

If yes could you please specify which ones?

c.How often do you need to go in for maintenance/cleaning of the pollution abatement facilities?

every 6  months / once a year / once in 2  years / more than 2  years

d.Could you indicate the cost of this treatment, as a percentage of total annualized costs?

less than 2% / 2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20%

e.Did air pollution abatement emerge due to governmental enforcement/ legislation?

NA / Yes / No / Do not know

14. Does the process discharge any liquid wastes? Yes / No / Do not know

If No, please go to question 15
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b. What sorts of liquid wastes are there? Please specify quantities

(Units: g/ton of paper produced)

Fatty acids and resins 

Oils

Suspended solids, please elaborate 

Heat

Biological oxygen demand (BOD)

Chemical oxygen demand (COD)

Mercury

Chlorine

Dyes

Others, please specify

c. Is the waste discharged into

sewers / water bodies / rivers / sea / dry (river) bed / to a subcontractor

d. Is the waste treated before leaving the factory? Yes / No

e. In what way is the waste treated?

Filtration / Sedimentation / Chemical / Fibre recovery / Others, please specify

g. Who instigated the treatment?

NA / Government / Residents / Firm / Do not know

If by the firm itself, could you indicate why you decided to do so. You can choose more than 

one option.

not applicable

creating a good profile for the company 

consciousness about the environment 

was economic to do so 

expectation of future regulation 

do not know/ cannot say 

others, please specify
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h.Can you indicate the costs of treatment of liquid waste, as a percentage of total annualized costs?

less than 2% /  2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20% / cannot say

15. Does the production process or the waste treatment plant(s) yield solid wastes? Yes / No 

If No, please go to question 16

b.Are any of the solid wastes recycled? Yes / No

c.Could you indicate which ones are recycled?

d.What methods are adopted to recycle these solid wastes?

e.What happens to the wastes that are not recycled?

Not applicable / Burned / Dumped / Removed by local authority / removed by contractor

f. If Dumped, is this on

not applicable / local authority land / own land / others

16. If local authority helps with pollution disposal how would you rate the service?

Not Applicable / Excellent / Good / Average / Poor / Bad

b.How could the services be improved?

c.Is the service provided free of charge? NA / Yes / No
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d.Could you indicate the costs of solid waste disposal, as a percentage of total annualized costs?

less than 2% / 2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20% / cannot say

17. Coming to government intervention in the industry, in terms of the tariffs structure, the price 

policy, etc

a. Would you say it was required Yes / No / Do not know / Cannot say

Why do you feel this way?

b.What do you feel about the government intervening in industrial location decisions through 

backward area development schemes? Is it required?

NA / Yes / No / Cannot say

Do you feel it has been useful for the industry as a whole? NA / Yes / No / Cannot say

c.What do you feel has been the result of the government's policies? You can choose more than 

one answer.

they prompted the firm to locate in a particular area 

they established the initial supply contacts 

they guaranteed the supply of inputs to the firm 

they ensured the supply of cheaper inputs to the firm 

they created a captive market for the firm 

they guaranteed the supply of power/infrastructure to the firm 

they aided in the easier/ cheaper import of equipment 

they led to the supply of cheap capital to the firm 

others (please specify)

d.As a representative of the industry, how would you rate the necessity of such governmental
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intervention?

Really needed / Needed / Not needed / Unnecessary / Impedimentary 

Is there scope for improvement? NA / Yes / No

Could you please elaborate?

18. Environmental regulations

a.What are the emission standards to be met by the industry? 

Air

Water

Land

b.Does complying with the environmental standards affect overall production efficiency of the 

firm? N A / Y e s / N o

c.Does compliance with the standards add to the costs of production?

NA / Yes / No

If no, go to question 19
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If yes, could you indicate the extent.

less than 2% / 2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20% / cannot say

d.Do you expect this proportion to change in the near future?

NA / Yes / No / Do not know

e.Could you indicate the extent to which you expect a cost increase?

less than 1% / 1.1 - 2% / 2.1 - 3% / 3.1 - 4% / more than 4% / cannot say

f.What do you feel could be the reasons for the price increase? You can choose more than one 

answer.

not applicable 

higher equipment costs 

longer planning period 

increased enforcement 

process retrofit 

others, please specify

g.Are you absorbing the cost increases or are they being transferred to the consumer in terms of 

higher prices?

Absorbed / Transferred / Both / Do not know

h.Would absorbing these costs lead to cause unemployment/ retrenchment of labour in the 

industry? NA / Yes / No / Cannot say

i.If yes to h, could you indicate the size of this unemployment effect?

less than 1% / 1.1 - 2% / 2.1 - 3% / 3.1 - 5% / more than 5% / cannot say

19a. Were the pollution control measures taken in response to government laying down 

standards? Yes / No

If yes, could you list the measures undertaken by your firm?
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b.What proportion of the time are the standards set by the government complied with by your 

company? Always / Mostly / Sometimes / Never

c.Do you feel the standards enforced by the government are required to maintain the quality of 

the environment?

Yes / No /Cannot say

(i)Are they too high? Yes / About right / No / Cannot say

(ii)Do you feel they are sufficient to ensure the continued purity of environmental 

medium, ie.air, land and water?

Yes / Possibly / No / Cannot say

(iii)Should new standards be set? Yes / No / Do not know

(iv)If yes to (iii), should it be higher or lower?

NA / Higher / Lower

d.Do you feel it is advisable to have different standards for different regions?

Yes / No / Cannot say

e.How do you feel differentiated standards would affect production/ location decisions? 

would relocate plant to region with lowest standard ( )

would locate new plant in region with lowest standard ( )

would not increase capacity of existing plant ( )

would split the production process and locate the

most polluting in region with lowest standard ( )

would have no effect ( )

others, please specify ( )

20a. When the standards were enforced, was there time provided for adjustment?

NA / Yes / No / Do not know
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b.How long was the adjustment period?

6  months / 7 - 12 months / 13 - 24 months / 25 - 36 months / 37 - 48 months/ 49 - 60 months 

/ more than 60 months / Do not know

c.Was it sufficient? NA / Yes / No / Cannot say

d.What was the proportion of investment in pollution control equipment (as a proportion of capital 

costs)?

less than 2% / 2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20% / do not know

21a. Given the equipment currently installed, can you meet the existing standards?

Yes / No / Cannot say

b.Would you need more investment in pollution control equipment in the near future?

NA / Yes / No / Cannot say

c.Could you indicate the cost of the new investment, as a percentage of fixed costs/ investments?

less than 2% / 2.1 - 5% / 5.1 - 10% / 10.1 - 20% / more than 20% /do not know

22. How do you feel current environmental legislation would affect future location decisions. You 

can choose more than one answer

the firm would not set up a plant (

the firm would not locate in the same place (

the firm would require a longer planning period (

the legislation would lead to increased installation costs (

the legislation increases the costs of contingency planning (

the firm would choose a higher/lower capacity and/or different process (

the regulation would affect competition as it requires an earlier disclosure of expansion 

plans (

do not know / cannot say (

others, please specify
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23. In which of the following areas have governmental policies for the industry been effective in 

ensuring the growth of the industry? 

has not been effective 

pricing of inputs 

pricing of output 

import of equipment 

export of output 

easy long term finance 

tax exemptions 

longer amortisation periods 

others, please specify

Any further comments?

b.What are the current incentives to increase production, efficiency of production, profits, etc?

c.What can be done to increase the overall effectiveness of governmental interventions in the 

industry? Please specify reasons for your answer in terms of the subsidies/ taxes that you feel are 

important, on which goods should they be levied, etc.

290



Annexure

1990-91 1991-92 1992-93 1993-94 1994-95

Annual turnover 

(Rs.)

Annual Production 

(tpa)

Maximum 

production (tpd)

Annual production 

(metres)
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Appendix VII

Estimating the probability of non-compliance, state-wise, for (i) all industries and (ii) for paper 

units greater than 30 tpd we have the following table

Table A.VII.1; Probability of being detected, once audited: state wise

all industry CPCB paper >30tpd

state-wise effectiveness

Andhra Pradesh 0.77 0.78

Arunachal Pradesh n.a n.a

Assam 0.60 1.00

Bihar 0.66 n.a

Goa 1.00 n.a

Gujarat 0.95 0.67

Haryana 0.83 1.00

Himachal Pradesh 1.00 1.00

Jammu & Kashmir 0.20 n.a

Karnataka 0.57 0.80

Kerala 0.83 1.00

Madhya Pradesh 0.72 0.80

Maharashtra 0.91 0.90

Manipur n.a n.a

Meghalaya 0.00 n.a

Mizoram n.a n.a

Nagaland n.a n.a

Orissa 0.57 0.00

Punjab 0.74 0.00

Rajasthan 0.95 n.a

Sikkim 0.00 n.a

Tamil Nadu 0.93 1.00

Tripura n.a n.a

UT-Andaman & Nicobar n.a n.a

UT-Chandigarh 1.00 n.a

UT-Daman & Diu n.a n.a
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UT-Dadra & Nagar Haveli n.a n.a

UT-Delhi 0.40 n.a

UT -Lakshwadweep n.a n.a

UT-Pondicherry 0.33 0.00

Uttar Pradesh 0.60 0.86

West Bengal 0.30 0.00

Total 0.78 0.73
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