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7he contingent value method is employed to estimate economic damages to households resuiting fiom 
rendering plant emissions in a small town. Household willingness to accept (WTA) and willingness ro 
pav (WTP) are estimated individually and in aggregae. l7te influence of household chracreristics on 
WTP and WTA is examined via regression modek. lhe perception of health risk is an important 
determinant of household valuation, while income appears insignificant. Both WTA and W7'P results 
indicate that a porenrial Pareto-improvement is possible with the incorporarion of current abatement 
technology. 

La methode des valeurs contingentes est utilisee pour Pvaluer les dommages kconorniques causes aux 
menages par les emissions d'une usine d'6quam'ssage abs une petite localire. Les valeurs WTA er 
WTP des menages sont estides separernent puis sour formes agregie. L'influence des caracrPres du 
menage sur la WTP er la WTA est examinee aau w e n  de mod2les de rkgression. Lo perception du 
risque pour In sant.4 esr un direnninant important de In valeur accordke par le m ' ~ g e ,  alors que le 
niveau de revenu n 'aurait qu'une influence negligeable. Les vakurs WTA et WTP obtenues laissent 
voir qu 'un critere Pareto semir possible avec la mise en piace des techniques modernes antipollution. 

INTRODUCTION 
Air pollution problems are most often 
associated with metropolitan areas having 
concentrations of industry and vehicles emit- 
ting various toxins into the air. An alterna- 
tive form of air pollution entails the emission 
of noxious odors. Such emissions are not 
uncommon to agriculture and related indus- 
tries, for example, large swine and pouluy 
operations, and abattoirs. 

As residential neighbohoods expand and 
encroach on previously unsettled or sparsely 
settled areas in the vicinity of such operations, 
conflicts can arise over noxious odor emis- 
sions. Generally, if society deals with such 
problems, political or legal resolutions are 
used because profitconscious firms have little 

incentive to determine the extent of, reduce, 
or control such emissions in the absence of 
costs associated with legal actions, govern- 
ment intervention or public protest. Accurate 
information pertaining to economic benefits 
and costs associated with these emissions can 
be an important factor in contributing to an 
effective resolution process and to the estab- 
lishment of more efficient pollution policies. 

The primary purpose of this study is to 
examine and attempt to measure the economic 
costs incurred by households in a suburban- 
rural fringe area resulting from noxious odor 
emissions of a nearby rendering plant. Costs 
are estimated using a form of the contingent 
valuation methodology (CVM) to determine 
annual household economic values associated 
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with the difference between the current level 
of emissions (odors) and an alternative state 
of no perceptible ambient rendering odors. 
Aggregate values are derived and compared 
with estimated costs of the abatement tech- 
nology. Regression methods are used to esti- 
mate the relationship between household eco- 
nomic values and household characteristics. 
In addition, some methodological issues con- 
cerning the use of CVM in studies of this type 
are discussed, such as embedding, anchoring, 
sample size and property rights. The paper 
offers useful insights into the application of 
nonmarket valuation to localized public goods 
problems and provides an illustration of a 
simple nonparametric confidence interval for 
median willingness to pay (willingness to 
accept) - WTP and WTA - when using the 
payment card elicitation approach. 

PROBLEM SETTING 
Rendering operations process dead animals 
and meat by-products into livestock feed addi- 
tives and other substances. The production 
process entails "boiling down" animal 
remains. Vapors produced from the cooking 
process that escape into the atmosphere 
usually result in very offensive odors. 

In this case, a single rendering plant 
operates in an industrial zone bordering a 
residential area in a town of approximately 
15,000 residents. The plant has been operat- 
ing since the mid-1960s. and area residents 
are acutely aware of the source and extent of 
the odors being emitted. ' 

Interestingly, since the plant is the only 
source of persistent noxious odors in the 
region, it has galvanized community residents 
to form a citizens committee to lobby specif- 
ically for action against the operation. Resi- 
dents have threatened to withhold payment of 
property taxes and have pooled resources to 
hire attorneys for advice on legal possibilities. 

THEORETICAL CONSIDERATIONS 
Air pollution caused by the production 
process of a firm is a classic case of exter- 
nality. Air fouled by the production process 
results in an external cost to surrounding 

households. This external cost is in essence 
a cost of production not internalized by the 
firm. 

Given existing technology, property 
rights and institutional structure (or lack 
thereof), the owner(s) of the rendering plant 
operating to maximize profits produces more 
emissions than would be the case if the 
cost of polluting the air were internalized. 
Depending on transactions costs, such a level 
of emissions may be socially inefficient. 

Conventional microeconomic theory 
indicates that emissions externalities may be 
efficiently mitigated through a number of 
policies. These include Pigouvian taxes or 
subsidies, standards and penalties, and the 
assignment of property rights with subsequent 
development of markets for the e x t e d  effect 
(Just et a1 1982, 275). Griffin (1991) stresses 
the importance of recognizing institutional 
alternatives and of examining externalities on 
a case-by-case basis. 

Effective problem examination and pos- 
sible implementation of corrective policies can 
be enhanced by identification and estimation 
of private and social benefits and costs. In the 
case of producerconsumer externalities, par- 
ticularly pollution related, determination of 
marginal costs and benefits associated with 
different abatement levels based on measur- 
able market information is often impossible. 

Valuation Methods 
Nonrnarket methodologies have evolved as an 
alternative approach to obtain money-metric 
estimates of external costs and benefits to 
households. These estimates can subsequently 
be aggregated across relevant populations and 
form the basis of a "crude" compensation test 
that may be used to signal a socially desirable 
change (Cameron and Huppen 1989). 
Damages to households from noxious odor 
emissions can be aggregated and compared 
with pollution control costs to evaluate alter- 
natives and determine the existence of more 
socially efficient pollution levels. 

In general, nonmarket m&cds can be 
classified as either behavioral or aaitudinal 
approaches to evaluation. Behavioral apnaches 
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use observed market behavior to infer values 
for nonmarket goods. Such approaches 
typically rely on establishing or assuming 
weak complementarity or substitutability 
(Randall 1987, 267) between the nonmarket 
good and some privately traded commodity. 
Examples of popular behavioral valuation 
techniques include hedonic pricing, travel 
cost, risk evaluation and aversion expendi- 
ture (Adamowicz 199 1 ; Abdalla 1990). 
Adamowicz concludes that, while appealing 
in some aspects, these approaches are gener- 
ally limited to consumptive use values. He 
further concludes that, to use hedonic pricing. 
various transactions costs must be negligible 
and the associated market must be stable. The 
lack of appropriate housing market conditions 
precludes our use of hedonic pricing methods. 

Aversion expenditure methods are 
limited to situations where a feasible aversion 
technology exists. Such technology is avail- 
able for problems like groundwater contarni- 
nation, e-g., filtration machines and bottled 
water. Options for households being inun- 
dated by ambient noxious odors are far more 
limited and unrealistic. 

The contingent valuation method is an 
attitudinal approach to nonmarket valuation, 
relying on direct responses from consumers 
in hypothetical market situations. Survey tech- 
niques are used to elicit values from indi- 
viduals as to the amount of money they would 

; pay (WTP) for a hypothetical increase or 
accept as compensation (WTA) for a 
hypothetical decrease of (or in lieu of) the pro- 
vision of a public good. Respondents are 
given a description of the good(s) being 
valued and the hypothetical market situation 
in which the good is being provided. In this 
study, the description of the good centers on 
differences in the level of provision or 
environmental states (elimination of noxious 
odors versus continuation of past levels). 
Included with a value response question are 
a number of of demographic and other ques- 
tions that are used to estimate a valuation 
function for the good. 

Theoretically, the hypothetical values 
correspond to Hicksian welfare measures 
and may be represented in a number of ways 

consistant with the utility maximization 
problem in microeconomics (Mitchell and 
Carson 1989.26). In an indirect utility frame- 
work, WTP or compensating surplus may be 
represented for the rendering plant problem 
as : 

while WTA or equivalent surplus is: 

where 

Y = income, 
AQ, = a state of annual ambient air with 

the current odor level, 
AQ, = a state with no odor level, and 

P = a price vector. 
Perceived entitlement to the improved air 
quality is fundamental to WTA. 

Literature is inconclusive about the 
WTPJWTA choice and much has been written 
about the divergence in their empirical esti- 
mation (Mitchell and Carson 1989). A con- 
ventional practice is to generally choose 
WTP, especially when the consumer does not 
appear to have an inherent right to the good 
or when the proposed change is a benefit. 
Bergsrrom ( 1990) surveys 25 recent environ- 
mental valuation studies, of which only two 
use WTA . 

Some have advocated dismissing WTA 
results as being unreasonable while others 
have criticized the reliability of CVM as a 
technique that produces empirical results that 
undermine the conventional presumption of 
valuation equivalence for quantity changes 
(Cummings et a1 1986; Randall and Stoll . 
1980; Mitchell and Carson 1989; Knetch and 
Sinden 1984). Knetsch (1990), however. sug- 
gests that, in cases where environmental 
degradation and preservation are valued, 
WTP may in fact understate welfare changes. 
Rolston ( 1985), from a philosophical stand- 
point, espouses a similar position. Because 
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property rights to air quality in the vicinity 
of the plant are disputed, we feel it is 
appropriate ro elicit both measures rather than 
impose a WTP or WTA judgment. 

CVM has become an increasingly 
popular approach to nonmarket valuation 
because of a number of factors; foremost 
among them is flexibility. Such flexibility 
results from not depending on secondary data 
sources or relying upon significant com- 
plementary or substitute relationships with 
private goods. 

The theoretical constructs of CVM have 
been well established (Randall and Stoll 1980: 
Hanemann 1984: Hoehn and Randall 1987). 
Issues of validity and reliability have been 
addressed in a number of cases (Bishop and 
Heberlein 1990; Brookshire et a1 1982: 
Sellar. Stoll and Chavas I985; Boyle and 
Bishop 1988: Dickje et a1 1987; Kealy et a1 
1988; Shechter et a1 1989; Kealy et a1 1990: 
Loomis 1990). Brookshire et a1 (1982) use 
both hedonic pricing and contingent valuation 
to study air pollution in the greater Los 
Angeles are.  and obtain similar results. 
Nevertheless, validation findings are gener- 
ally limited to case studies identifying con- 
vergent validity. 

Criticisms of CVM generally focus on 
the many biases that can result when applying 
the methodology. Mitchell and Carson (1989) 
present a complete typology of these biases. 
In general, they can be mitigated by careful 
survey design. 

Additional and perhaps more serious ques- 
tions about CVM related to philosophical con- 
structs as well as  individual valuation pnx;esses 
can be found in RDlston (1985), Samples et d 
(l986), Stevens et a1 (1991). and Kahneman and 
Knetsch (1992). Kahneman and Knetsch argue, 
with some empirical support, that CVM is sub- 
ject m a problem of embedding. This problem 
occurs when a respondent inciudes values for 
other entities in the value response h r  the good 
of interest, often creating an upward bias. For 
example, if a given air pollutant dong with 
other pollutants were present in an area and 
individual values for eliminating the given pol- 
lutant were elicited via CVM, it muld be very 

possible that responses would include the value 
of eliminating some or all of the other pollu- 
tants. That is, the value elicited when asking 
about the one pollutant may be quite different 
from the value elicited when the individual is 
first asked to value elimination of all pollution 
in the area before being asked to value the given 
polIutant. Similarly, embedding can also be 
considered along time and space dimensions. 

While Smith (1992) has uncovered a 
number of problems with the empirical por- 
tion of the Kahneman and Knetsch findings. 
a cautious approach to the use of CVM 
remains warranted. The problem of embed- 
ding is unlikely in this study. There are no 
other significant air pollution types or sources 
in the local area and the local population is 
acutely aware of the source and extent of the 
noxious odors and is clearly "experienced" 
in the problem's dimensions. 

EMPIRICAL METHODS 

Data 
Dillman (1978) discusses the merits of mad. tel- 
ephone and be-to-face survey techques and 
concludes that the "best" must be answered 
subjectively and on a case-by~ase basis. We 
used the face-to-lice interview approach. This 
method generally produces higher response 
rates than mail surveys (Mitchell and Carson 
1989), an important consideration given our 
small population. Due to the nature of the good 
being valued (air quality differences). we felt 
that respondents could answer more meaning- 
fully with an interviewer present to clarify 
questions. Funding and time constraints were 
also contributing factors. 

A systematic sample (Cochran 1977. 
205) of households in the affected area was 
conducted in the early evenings over a one- 
month period.' All households were subject 
to the same experienced interviewer. Each 
interview was srmctured so that the respon- 
dent (adult household member) had the option 
of privately recording the responses and 
placing the completed questionnaire among 
a stack of completed and unlabeled responses. 
thus contributing to the perception of 
anonymity. The obvious limitations were 
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possible interviewer bias and cautious 
consumer behavior (Mitchell and Carson). 

Value responses were elicited.using an 
adaptation of the payment card developed by 
Mitchell and Carson. This payment vehicle 
was used because it allowed for direct elici- 
tation of Hicksian surplus measures. The 
payment card fell between the two extremes 
of open-ended and dichotomous choice 
questioning. 

Dichotomous choice or take-it-or-leave- 
it elicitation requires a relatively large sample 
size for efficient empirical analysis (Cameron 
and James 1987). The reality of a small 
sample size precluded the use of the dichoto- 
mous choice approach. An open-ended 
approach was used in the pretest to establish 
a range for the payment cards. 

The sample was split into two groups. 
one in which WTP was elicited and one in 
which WTA was elicited. This procedure 
traded off reduced sample size and consequent 
reduced esumation precision in each group for 
the versatility of obtaining both WTA and 
WTP measures. 

Examples of the WTP and WTA payment 
cards are given in the Appendix. The WTP 
question was structured in such a way that 
residents would be responsible for paying into 
a fund to subsidize installation and upkeep of 
the necessary abatement technology.' For 
the WTA question, respondents would be 
eligible to receive payments to tolerate per- 
sistance of the odor. While the payer was not 
identified in the WTA portion (firm or 
government), a number of respondents linked 
the idea of WTA to having their property 
taxes rebated. 

The WTP questionnaire had an additional 
question to deal with zero bids. A respondent 
giving a WTP of zero was asked why. This 
question allowed for identification of protest 
bids (Mitchell and Carson). If the respondent 
gave a zero WTA value, it was considered 
to be a protest bid and was excluded from 
the data. 

unusable, and two were identified as protest 
bids. Problems and possible bias resulting 
from misclassification of protest bids (Musser 
et a11990) were not likely with these results, 
given the very small percentage of protest 
bids. The problem of outliers or strategic bids 
was addressed through an ad hoc procedure 
wherein bids of greater than 5% of gross 
income were identified as questionable. None 
was found. Of the usable responses. 32 
elicited WTP, and 34 elicited WTA (see 
Appendix for a descriptive summary of the 
data). 

Regression Model 

Economic theory sdggests that household wel- 
fare measures (e.g., WTP and WTA) for 
changes in the provision of a public good vary 
with site characteristics and individual house- 
hold characteristics (Randall 1987). In a study 
concerning the economics of air visibility, 
Rowe et al(B80) use such variables as the level 
of air visibility and the respondents' sex. age. 
marital status, family size. years in the com- 
munity, income and education to describe var- 
iations in individual value responses. In addi- 
tion to "standard" household characteristics. 
Roberts et a1 (1991) find that respondents' per- 
ception of health risk and location are s ipf i-  
cant variables in describing ~riations in WTP 
for ensuring relocation of a proposed landfill 
site. They also suggest examining the effect of 
property ownership on WTP. 

We hypothesize that household WTP and 
WTA for alternative states of air quality are 
stochastic linear functions of years in the com- 
munity ( XU'), income (INC), perceived health 
risk (HLT) and ownership status (OWN): 

W, = a,, + 02, YRS + a3, INC (3) 
+ ad, HLT + asj OWN + uj 

WTAi = bli + bti YRS + b3 INC (4) 
+ bdi HLT + b5i O W  + vi 

In total, 84 households were contacted 
with the final questionnaire. Three respon- where j = 1,32; i = 1,34; and the respective 
dents initially refused to be interviewed, 13 errors, u, and vi, are assumed independent 
responses were left incomplete and deemed normal. 
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Years in the community are thought to 
affect individual value responses. Two 
hypotheses are possible: one in which the 
odors are perceived to be a nuisance suggests 
a negative relationship between years living 
in the area and WTP or WTA; the other is 
that the longer one resides in the area the 
greater the perceived cumulative damages. 
Also, those who have been residents of the 
area since prior to opening of the rendering 
plant (mid-1960s) may be more inclined to 
feel that their rights to clean air have been 
violated. Those who have moved to the area 
after the rendering plant began operating 
would have presumably known of the odors 
and may not have the same perception of 
rights. Hence, inclusion of this variable is felt 
to capture possible endowment effects 
(Knetsch 1989). 

Income is chosen to explain WTP 
because, theoretically, as income increases the 
demand for a "good" increases (assuming 
that air quality is a normal good). Most of the 
CVM literature includes income as an 
explanatory variable. Regarding WTA, 
theory is not so clear. Income is included in 
Eq. 4 primarily by convention (e.g., see 
Brookshire and Coursey 1987). 

A binary variable is included to account 
for the perception of a health risk from the 
emissions, i.e., perceived health risk implying 

higher value responses (Zeiss and Atwater 
1987; Roberts et a1 199 1). Because the 
affected area is relatively small and in close 
proximity to the plant (i.e.. less than a 3.2- 
kilometer radius) a distance variable is not 
included. 

Finally, a binary variable for ownership 
status (owned versus rented) is included 
because home owners would presumably be 
concerned about the effects of poor air quality 
on property values. Thus, one would expect 
a priori that response values for owners would 
be higher than those for renters. 

RESULTS AND DISCUSSION 
A relatively large difference between the 
average WTP and WTA values emerges from 
the samples, with WTA approximately seven 
times that of WTP. The sample mean for 
WTP is $105.31. with a sample standard 
deviation of $77.1, while the sample mean for 
WTA is $735. with a sample standard devia- 
tion of $382.24. This difference is within the 
range "typically" experienced in WTP versus 
WTA results in both controlled and uncon- 
trolled experiments (Cummings et a1 1986; 
Adamowin 199 1 ; Knersch 1989). Confidence 
intervals of 95% for the WTA and WTP 
means are reported in Table 1. 

Median values are S80 and $675 for WTP 
and WTA. respectively. It is interesting to 

Table 1 .  Mean. median, interval, total and present value estimates of WTA and WTP 

WTA WTP 

Mean 
Intervala 
intervalb 
Total 
Present value 

Median 
intervald 
Total 
Present value 

'95% confidence based on the sample variance. 
b95% confidence based on the regression residual variance. 
'based on aggregation over 250 households. 
9 5  % confidence based on nonpararnetric quantile test (Conover 1980). 
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note that median WTP is approximately the 
same as the lower bound on the confidence 
interval for mean WTP. Acknowledging the 
potential limitations of the mean as the 
measure of central tendency when dealing 
with small samples, a nonparametric proce- 
dure is used to calculate confidence intervals 
for median WTA and WTP. The results are 
reported in Table 1. ' 

The data for WTP responses do not 
appear to be unusual; however, this is not the 
case for the WTA responses (Appendix 
Table A.3). Nearly one hdf of the WTA 
responses (44%) are $1000 while 23.5% 
respond $500. This is an interesting 
phenomenon since $1000 is the highest speci- 
fied value on the payment card. In the face- 
to-face procedure. all potential respondents 
were informed of the option to fill in a value 
in the "other" category above or between any 
of the listed values. Only one respondent 
chose that option and reported a WTA of 
$2000. Such data may suggest either that a 
censored analysis is called for or that respon- 
dents are simply anchoring on common values 
like $500 and $1000. If the former is the case, 
the median may be the more reliable measure 
of WTA. If the latter is the case, then cen- 
soring wodd result in discarding a valid WTA 
observation of $2000. 

Total aggregate annual valuation figures 
are estimated by muitiplying the average WTP 
and WTA values by the estimated number of 
households affected by odors from the ren- 
dering plant. This procedure is used by Roberts 
et a1 (1991) and is advocated by Loomis (1987) 
in cases of "select populations." The estimated 
number of households (250) was determined 
with tw county property maps and by personal 
survey. The boundaries for the affected popu- 
lation were determined from the survey (i-e., 
the households who revealed that they were 
unaffected by the odors). Using sample means. 
the estimated aggregate annual WTA is 
$183,750 while that of WTP is $26,327. 
Aggregates based on medians are $168,750 and 
$20,000 for WTA and WTP, re~pectively.~ 

Total discounted benefits to households 
of air pollution control may be estimated using 
the following equation: 

PV = 1 Y(r)e-"dr (5) 

where 
P V  = the present value of the stream of 

annual benefits from pollution con- 
trol. and 

V = aggregate annual WTP (WTA) for 
the entire population affected by the 
rendering odors. 

A discount rate of 10% and a planning 
horizon of 30 years results in aggregate WTA 
benefits of $1,746,016 and WTP benefits of 
$250,162 based on means. Substituting 
medians for means leads to present values of 
$1.590.795 for WTA and $1 88,539 for WTP. 
A sensitivity analysis for years and discount 
rates is contained in Table 2. 

Unfortunately, plant officials could not 
make available exact costs or economic life of 
the equipment. However. they estimated state- 
of-the-art odor emission control equipment 
would include a scrubber ($35,000), duster 
($50.000) and a gas incinerator ($50,000). 
Installation and annuai maintenance would 
bring the total to approximately f 150.000. 
Resulting emissions reduction was estimated 

Table 2 .  Sensitivity of discounted aggregated 
benefits of air pollution control 

Discounted benefitsa 

WTA WTP 

-- 

'means aggregated over 250 households, r = dis- 
count rate. r = time. 
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to be "roughly" 90%. Comparing the 
approximate costs of $150.000 with either 
WTA or WTP estimates from Table 2 leads 
to positive net benefits results, even if benefits 
are reduced to 90% of estimated levels6 

The valuation functions (Eqs. 3 and 4) 
for average annual household WTP and WTA 
are estimated using ordinary least squares 
(OLS). Results of the regressions are sum- 
marized in Table 3.' 

Cameron and Huppert (1989) compare 
the use of maximum likelihood estimation 
(MLE) versus OLS on payment card data. 
They find that in "welI4esigned" surveys the 
differences between estimation procedures are 
"very dose" when using interval midpoints 
but, as intervals between card values became 
"coarser," OLS results become more suspect. 
In this study, we allowed the respondent to fill 

in any value should the represented values be 
felt to be insufficient; hence we feel that 
modeling interval midpoints and MLE is 
unnecessary. Aside from possible differences 
in regression coefficients, modeling midpoints 
would lead to larger median and mean values 
for WTA and WTP. 

The hypothesized explanatory variables 
YRS. I N C .  HLT and OWN accounts for 46 5% 
of the variation in WTP and 47% of the 
variation in WTA. R-square values of these 
magnitudes are relatively high compared 
with an average for CVM studies listed by 
Adamowicz (1991). 

The coefficient for years in the comrnu- 
nity is positive in both regression equations. 
Although not highly sigmficant, the WTP YRS 
coefficient could reflect the fact that residents 
do not get used to the odor nuisance as they 

Table 3. OLS regressions of WTP and WTAa 

Variable WTP (1) WTP (2) WTA (1) WTA (2) 

Constant 

RL 
R~ADJ 
F- Value 
OBS 
AVE 

'r-statistics in parentheses. 
b ~ , l  dummy variable to denote whether respondent felt the rendering emissions were a health risk: 
YES=i. NO=O. 
%.I dummy variable to denote whether respondent owned or rented their household: OWN= 1, 
RENT =O. 
*significant at the .05 level. 

**significant at the .01 level. 
















