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EMPIRICAL EVIDENCE SHOWING THE RELATIONSHIPSBETWEEN THREE
APPROACHESFOR POLLUTION CONTROL

Clevo Wilson

Abstract

Willingness to pay models have shown the theoretical relationships between the contingent
valuation, cost of illness and the avertive behaviour approaches. In this paper, field survey
data are used to compare the relationships between these three approaches and to demonstrate
that contingent valuation bids exceed the sum of cost of illness and the avertive behaviour
approach estimates. The estimates provide a validity check for CV bids and further support

the claim that contingent valuation studies are theoretically consistent.
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EMPIRICAL EVIDENCE SHOWING THE RELATIONSHIPSBETWEEN THREE
APPROACHESFOR POLLUTION CONTROL

1. Introduction

Models that compare and describe the theoretical relationships between willingness to pay
(WTP) vauation approaches for pollution control are well known in the literature. Several
empirical studies have been conducted to compare the relationships between approaches, but
have been limited to two approaches only (for e.g. see Alberni and Krupnick, 2000). In this
paper, field survey data are used to compare the relationships between contingent valuation
(CV), cost of Illness (COI) and avertive behaviour approaches and to demonstrate that CV
bids exceed the sum of cost of illness and the defensive behaviour estimates. As pointed out
by Alberni and Krupnick (2000) comparison of estimates acts as a validity check for the
WTP figures reported by the respondents in the CV survey and provides further support to
the claim by Carson et al. (2001) that empirical CV studies are theoretically consistent. The
pollution in question is farmers’ exposure to pesticides.

2. Brief Discussion of the Theoretical WTP M odedl

The relationships between the CV, COIl and avertive behaviour approaches have been
examined by Cropper and Freeman (1991) using a model of health production and
consumption. They have shown that CV WTP bids exceed the sum of COIl and avertive
behaviour bids combined together. Despite all three approaches being used as WTP measures
for pollution control, the COl and the avertive behaviour approaches, unlike the CV
approach, do not consider the intangible costs of exposure to pollution. Hence, these two
approaches provide only lower bounds for the correct measures of WTP. As shown by
Cropper and Freeman (1991), the true WTP measure (which is the direct CV approach) to
avoid an increase in pollution, therefore, consists of the following equation:
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where A, the marginal utility of income converts the disutility of illness, oU/dS, into
monetary values. As equation (1) shows CV WTP consists of the amount resulting from the
COI expenditures (the first two terms on the RHS) plus the amount resulting from defensive
behaviour expenditures (the third term) and the monetary value of the disutility arising from
pollution induced illnesses (the fourth term). An individual directly asked, using the CV
approach, for his or her WTP to avoid direct exposure to pollution, say pesticides, may
consider all expenditures shown in Equation (1) in revealing his or her WTP bid. Equation
(1) aso implies that only when the defensive measures undertaken are inadequate that the
first two terms and the fourth term can exist. On the other hand, if defensive measures
undertaken to prevent total exposure are sufficient, then there will mainly be defensive
expenditures. Hence, depending on the adequacy of the defensive expenditures, the first two
terms and the last term can be large or small. If defensive expenditures undertaken are small

(inadeguate) then the first two terms and the last term are large, and vice versa.

3. Fidld Survey Data Showing the Relationships Between the Three Approaches

A field survey was conducted in Sri Lanka using the three valuation techniques to compare
and determine whether the CV results exceed the COI and defensive behaviour expenditures
as theoretically demonstrated. Data were collected from five regions in the Central and
North-Central Provinces of theisland. An eleven page questionnaire was used to collect data
from 203 farmers on the private costs’ of ill hedth (including al private medical
expenditures and lost time) and defensive expenditures resulting from direct exposure to
pesticides. CV hids were also obtained using the same questionnaire. Farmers spraying
pesticides were interviewed rather than farm workers because the latter group are only

employed on farms as ‘ part time seasonal’ workers.

The respondents were told that the CV question was aimed at measuring how much people
are willing to pay to avoid direct exposure to pesticides and the resulting illnesses if a
programme was devised to prevent such illnesses from exposure to pesticides. Respondents
were aso informed of the economic sacrifice they would have to make to support such a
prevention programme. The farmers were told that the money will have to come out of their

income. They were specificaly told about the range of options available to avoid direct

! Only private costs of ill health are considered because medical treatment in government hospitalsin Sri Lanka
is provided free of charge.



exposure to pesticides [for example, using safer but more expensive pesticides, adopting
integrated pest management (IPM) strategies which, however, could cost more to adopt and
growing crops that involve no or less pesticides|. The choice of the payment vehicle to
undertake prevention programmes was also made as redlistic as possible. All the respondents
in the study areas were provided with the same information, including the payment vehicles
suggested. An open-ended question format asking what the maximum amount is that they
would be willing to pay in order to avoid direct exposure to pesticides and the resulting
morbidity effects was used. The data were obtained by direct interviews. Despite
dichotomous choice (referendum) CV questions gaining popularity during the past decade
and being the choice recommended by the NOAA panel, it was not used in this study for
several reasons. One major reason was that the farmers, before they were asked about the CV
guestion, had already stated the costs arising from illnesses and precautions taken due to
direct exposure to pesticides. Hence, the respondents were aready aware of the costs
incurred. In such a case it was better for the farmer to give a value rather than for the
interviewer to suggest a payment. As mentioned previously, Whittington (1998) points out
that if the amount the enumerator asks lacks credibility, the respondent is unlikely to answer
the question on the basis of the prices asked. Hence, there is difficulty in setting the right
referendum prices.

The survey data show that although farmers take precautionary measures whilst handling and
spraying pesticides, they suffer from many adverse health effects, thus incurring large
medical and time costs. This implies that, although farmers have taken precautions to
minimize or avoid ill health arising from direct exposure to pesticides, such measures are
inadequate and hence they incur medical and time costs due to pesticide exposure related
illnesses. In such cases, farmers also suffer from pain, stress and discomfort. These costs are
not captured by the COI approach. Examination of the data reveal that the CV WTP bids are
sensitive to scope. It can be seen that farmers who suffered severe and/or frequent health
problems from exposure to pesticides were willing to pay more to avoid exposure than those
who suffered mild symptoms or suffered symptoms less frequently. The results of the field
study (Table 1), show differences in costs among the three approaches. As can be seen in
Table 1, CV bids are larger than the COI or defensive behaviour expenditures or even both
estimates combined.



Table 1: Comparing the Three Approaches Using Field Survey Data

Symptom Sample Size Mean yearly Mean yearly Mean Y early
CVM bid Private COl expenditures  Private AB expenditures

(RS) (RS (RS

[lI-health 203 11,471.18 5,465.54 405.14

resulting

from direct 95% Confidence Intervals

exposure to

pesticides 9,726.14<1,<13,216.21 4,484<11,<6,447.08 293.01<1,<517.26

Note: The 95% confidence intervals in Table 1 indicate that 95 out of 100 times such intervals will include the

true uy. AB = Avertive Behaviour; COI = Cost of IlIness; CVM = Contingent Va uation Method.

The defensive expenditures are low. There are many reasons for this. One major reason is
that because of farmers low incomes (average income of surveyed respondents was Rs
4,748) they were unable to purchase expensive protective gear. Farmers also re-use the
protective gear, athough this practice is harmful because pesticides contaminate the
protective gear unless properly cleaned. Farmers in developing countries also borrow
equipment and protective gear without a payment. Similarly, time spent on purchasing
protective gear, reading instructions and repairing protective gear have been omitted due to

the difficulties in calculating such costs.

These findings confirm the results of Equation (1) which show that CV WTP bids exceed the
sum of changes in avertive behaviour expenditures and the costs of illnesses combined. This
is because a person affected by direct exposure to pesticides, when asked how much he or she
would be willing to pay to avoid ill-health resulting from such exposure, is likely to consider
all the costs of illnesses (including money and time costs), intangible costs (such as pain,
stress, suffering and discomfort) and the defensive costs incurred in revealing his or her true
WTP to avoid direct exposure to pesticides. This was evident during the field survey.

4. Conclusions

The field survey data show that WTP estimates obtained from the three approaches not only
vary, but that COI and avertive behaviour estimates provide only lower bound WTP values.
This is mainly because, unlike the CV approach, these two approaches do not consider
intangible costs. Therefore, CV bids not only exceed the sum of COI and avertive behaviour

bids, but it is also the true WTP measure. Furthermore, comparison of estimates not only act



as avalidity check for CV WTP figures, but they also provide further support to the claim by
Carson et al. (2001) that empirical CV studies are theoretically consistent.

Acknowledgements

| wish to thank Professors Felix Fitzroy, Clem Tisdell, Nick Hanley and Dr lan Bateman for
helpful comments on an earlier draft of this paper. | am also grateful to the Russell Trust and
the Department of Economics, University of St Andrews (UK) for providing financia

support to undertake the fieldwork. However, al remaining errors are mine.

References

Alberini, A. and A. Krupnick (2000), ‘ Cost-of-ilIness and willingness-to-pay estimates of the
benefits of improved air quality: Evidence from Taiwan’, Land Economics 76, 37-53.

Carson, T. C., N. E. Flores, and N. F. Meade (2001), ‘ Contingent valuation: Controversies

and evidence', Environmental and Resource Economics 19, 173-210.

Cropper, M. L. and A. M. Freeman (1991), ‘Environmental health effects’ in J. B. Braden
and C. D. Kolstad, eds., Measuring the Demand for Environmental Quality, Amsterdam, B.
V. (North Holland): Elsevier Science Publishers, pp. 165-211.

Whittington, D. (1998), ‘Administering contingent valuation surveys in developing
countries’, World Development 26, 21-30.



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

22.
23.

24,

25.

26.

27.

PREVIOUSWORKING PAPERSIN THE SERIES
ECONOMICS, ECOLOGY AND THE ENVIRONMENT

Governance, Property Rights and Sustainable Resource Use: Analysis with Indian Ocean Rim
Examples by Clem Tisdell and Kartik Roy, November 1996.

Protection of the Environment in Transitional Economies: Strategies and Practices by Clem Tisdell,
November 1996.

Good Governance in Sustainable Development: The Impact of Ingtitutions by K.C.Roy and
C.A.Tisdell, November 1996.

Sustainability Issues and Socio-Economic Change in the Jingpo Communities of China: Governance,
Culture and Land Rights by Ren Zhuge and Clem Tisdell, November 1996.

Sustainable Development and Environmental Conservation: Major Regional Issues with Asian
[llustrations by Clem Tisdell, November 1996.

Integrated Regional Environmental Studies. The Role of Environmental Economics by Clem Tisdell,
December 1996.

Poverty and Its Alleviation in Y unnan Province China: Sources, Policies and Solutions by Ren Zhuge
and Clem Tisdell, December 1996.

Deforestation and Capital Accumulation: Lessons from the Upper Kerinci Region, Indonesia by
Dradjad H. Wibowo, Clement a. Tisdell and R. Neil Byron, January 1997.

Sectoral Change, Urbanisation and South Asia’s Environment in Global Context by Clem Tisdell, April
1997.

China's Environmental Problems with Particular Attention to its Energy Supply and Air Quality by
Clem Tisdell, April 1997.

Wesak and Strong Conditions for Sustainable Development: Clarification of concepts and their Policy
Application by Clem Tisdell, April 1997.

Economic Policy Instruments and Environmental Sustainability: A Second Look at Marketable or
Tradeable Pollution or Environmental-Use Permits by Clem Tisdell, April 1997.

Agricultural Sustainability in Marginal Areas. Principles, Policies and Examples form Asia by Clem
Tisdell, April 1997.

Impact on the Poor of Changing Rural Environments and Technologies: Evidence from India and
Bangladesh by Clem Tisdell, May 1997.

Tourism Economics and its Application to Regional Development by Clem Tisdell, May 1997.
Brunei’s Quest for Sustainable Development: Diversification and Other Strategies by Clem Tisdell,
August 1997.

A Review of Reports on Optimal Australian Dugong Populations and Proposed Action/Conservation
Plans: An Economic Perspective by Clem Tisdell, October 1997.

Compensation for the taking of Resources Interests. Practices in Relations to the Wet Tropics and
Fraser Island, General Principles and their Relevance to the Extension of Dugong Protected Areas by
Clem Tisdell, October 1997.

Deforestation Mechanisms: A Survey by D.H. Wibowo and R.N. Byron, November 1997.

Ecotourism: Aspects of its Sustainability and Compatibility by Clem Tisdell, November 1997.

A Report Prepared for the Queendand Commercial Fisherman’s Organisation by Gavin Ramsay, Clem
Tisdell and Steve Harrison (Dept of Economics); David Pullar and Samantha Sun (Dept of
Geographical Sciences and Planning) in conjunction with lan Tibbetts (The School of Marine Science),
January 1998.

Co-Evolutionsin Asia, Markets and Globalization by Clem Tisdell, January 1998.

Asia's Livestock Industries: Changes and Environmental Consequences by Clem Tisdell, January
1998.

Socio-Economics of Pearl Culture: Industry Changes and Comparisons Focussing on Australia and
French Polynesia by Clem Tisdell and Bernard Poirine, August 1998.

Asia's (Especially China's) Livestock Industries: Changes and Environmental Consequences by Clem
Tisdell, August 1998.

Ecotourism: Aspects of its Sustainability and Compatibility with Conservation, Social and Other
Objectives, September 1998.

Wider Dimensions of Tourism Economics: A Review of Impact Analyses, International Aspects,
Development Issues, Sustainability and Environmental Aspects of Tourism, October 1998.



28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.

43.

45,

46.
47.

48.

49.

50.

51.
52.

53.

55.

56.

57.

58.

59.

60.

Basic Economics of Tourism: An Overview, November 1998.

Protecting the Environment in Transitional Situations, November 1998.

Australian Environmental Issues: An Overview by Clem Tisdell, December 1998.

Trends and Developments in India' s Livestock Industries by Clem Tisdell and Jyothi Gali, February
1999.

Sea Turtles as a Non-Consumptive Tourism Resource in Australia by Clevo Wilson and Clem Tisdell,
August 1999.

Transitional Economics and Economics Globalization: Social and Environmental Consequences by
Clem Tisdell, August 1999.

Co-evolution, Agricultural Practices and Sustainability: Some Major Social and Ecological |ssues by
Clem Tisdell, August, 1999.

Technology Transfer from Publicly Funded Research for improved Water Management: Analysis and
Australian Examples by Clem Tisdell, August 1999.

Safety and Socio-Economic Issues Raised by Modern Biotechnology by Dayuan Xue and Clem
Tisdell, August 1999.

Valuing Ecological Functions of Biodiversity in Changbaishan Mountain Biosphere Reserve in
Northeast China by Dayuan Xue and Clem Tisdell, March 2000.

Neglected Features of the Safe Minimum Standard: Socio-economics and Institutional Dimension by
Irmi Seidl and Clem Tisdell, March 2000.

Free Trade, Globalisation, the Environment and Sustainability: Major Issues and the Position of WTO
by Clem Tisdell, March 2000.

Globalisation and the WTO: Attitudes Expressed by Pressure Groups and by Less Developed Countries
by Clem Tisdell, May 2000.

Sustainability: The Economic Bottom Line by Clem Tisdell, May 2000.

Trade and Environment: Evidence from China's Manufacturing Sector by Joseph C. H. Chai, June
2000.

Trends and Development in India s Livestock Industry by Clem Tisdell and Jyothi Gali, August 2000.
Tourism and Conservation of Sea Turtles by Clem Tisdell and Clevo Wilson, August 2000.

Developing Ecotourism for the Survival of Sea Turtles by Clem Tisdell and Clevo Wilson, August
2000.

Globalisation, WTO and Sustainable Development by Clem Tisdell, August 2000.

Environmental Impact of China's Accession to WTO in the Manufacturing Sector by Joseph Chai,
August 2000.

Effects of Cartagena Biosafety Protocol on Trade in GMOs, WTO Implications, and Consequences for
China (English version) by Dayuan Xue and Clem Tisdell, August 2000.

Effects of Cartagena Biosafety Protocol on Trade in GMOs, WTO Implications, and Consequences for
China (Chinese version) by Dayuan Xue and Clem Tisdell, August 2000.

The Winnipeg Principles, WTO and Sustainable Development: Proposed Policies for Reconciling
Trade and the Environment by Clem Tisdell, September 2000.

Resources Management within Nature Reserves in China by Dayuan Xue, October 2000.

Economics, Educational and Conservation Benefits of Sea Turtle Based Ecotourism: A Study Focused
on Mon Repos by Clem Tisdell and Clevo Wilson, October 2000.

Why Farmers Continue to use Pesticides despite Environmental, Health and Sustainability Costs by
Clevo Wilson and Clem Tisdell, November 2000.

Wildlife-based Tourism and Increased Tourist Support for Nature Conservation Financially and
Otherwise: Evidence from Sea Turtle Ecotourism at Mon Repos by Clem Tisdell and Clevo Wilson,
November 2000.

A Study of the Impact of Ecotourism on Environmental Education and Conservation: The Case of
Turtle Watching at an Australian Site by Clem Tisdell and Clevo Wilson, December 2000.
Environmental Regulations of Land-use and Public Compensation: Principles with Swiss and
Australian Examples by Irmi Seidl, Clem Tisdell and Steve Harrison.

Analysis of Property Values, Local Government Finances and Reservation of Land for National Parks
and Similar Purposes by Clem Tisdell and Leonie Pearson, March 2001.

Alternative Specifications and Extensions of the Economic Threshold Concept and the Control of
Livestock Pests by Rex Davis and Clem Tisdell, May 2001.

Conserving Asian Elephants: Economic Issues Illustrated by Sri Lankan Concerns by Ranjith Bandara
and Clem Tisdell, June 2001.

World Heritage Listing of Australian Natural Sites: Tourism Stimulus and its Economic Value by Clem
Tisdell and Clevo Wilson, September 2001.



61.

62.

63.
64.

65.

66.

67.

68.

69.
70.

Aquaculture, Environmental Spillovers and Sustainable Development: Links and Policy Choices by
Clem Tisdell, October 2001.

Competition, Evolution and Optimisation: Comparisons of Models in Economics and Ecology by Clem
Tisdell, October 2001.

Aquaculture Economics and Marketing: An Overview by Clem Tisdell, October 2001.

Conservation and Economic Benefits of Wildlife-Based Marine tourism: Sea Turtles and Whales as
Case Studies by Clevo Wilson and Clem Tisdell, February 2002.

Asian Elephants as Agricultural Pests: Damages, Economics of Control and Compensation in Sri
Lankaby Ranjith Bandara and Clem Tisdell, February 2002.

Rural and Urban Attitudes to the Conservation of Asian Elephantsin Sri Lanka: Empirical Evidence by
Ranjith Bandara and Clem Tisdell, May 2002.

Willingness to Pay for Conservation of the Asian Elephant in Sri Lanka: A Contingent Valuation Study
by Ranjith Bandara and Clem Tisdell, May 2002.

Bioeconomic Analysis of Aquaculture’s Impact on Wild Stocks and Biodiversity by Clem Tisdell, May
2002.

Will Bangladesh’ s Economic Growth Solve its Environmental Problems? by Clem Tisdell, May 2002.
Socioeconomic Causes of loss of Genetic Diversity: Analysis and Assessment by Clem Tisdell, June
2002.



	ECONOMICS, ECOLOGY AND THE ENVIRONMENT
	Abstract
	2.  Brief Discussion of the Theoretical WTP Model
	3. Field Survey Data Showing the Relationships Between the Three Approaches
	4. Conclusions


	ECONOMICS, ECOLOGY AND THE ENVIRONMENT

