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QUANTIFYING 1'HE UNQUANTIFIABLE: BENEFITS FROM 
ABATE~1ENT OF AESTHETIC ENVIRONMENTAL DAMAGE 

Alan Randall* 

Aesthetic damage to a macroenvironment, to the extent that it diminishes 

the utility of some individuals, is a discommodity and its abatement is a 

commodity. Abatement of this kind of external diseconomy is both a non-market 

good, since it is non-exclusive, and a public good in the sense of Davis and 

Whinston [5], since it is inexhaustible at least over a. wide range. Clearly, 

the empirical quantification and economic valuation of such a good presents 

very substantial problems at both the theoretical and practical levels. 

It is the purpose of this paper to present a theoretical framework for 

benefit-cost analysis of the provision of such a good, to consider and 

evaluate a number of alternative benefit valuation techniques which have 

been proposed and used by environmental economists, and to briefly summarize 

a case study using bidding game techniques. ,If sufficient thought and care 

are applied to.the design of bidding games used, it appears that the bidding 

game technique provides results which are at least credible and reasonable. 

The Theory 

Bradford [2] has presented a theoretical framework for the valuation of. 

public goods. Traditional demand curves"are inappropriate for the analysis 

Alan Randall is Assistant Professor of Agricultural Economics at the 
University of Kentucky, Lexington, Kentucky. 
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of demand for public goods, since the situation is not one of indi vidu~ls 

responding to a parametric price per unit by choosing an appropriate number 

of units .. Rather, the individual directly arrives at the total value to 

himself of alternative given packages. Furt~er, the nature of a public 

good such as aesthetic environmmita.l improvements is such tnat increases 

in the quantity provi~cd are not purely qmmtitative increases, but are 

more in the nature of imprd:vements in quality. . Thus, the indivipual values 
. . . ' 

alternative packages of a publ;ic good, which niay differ fn quantity and 

quality. ·n1e values he places upon the.se alternative packages offer a 

basis for any input he may make in the collective choi.ce which determines 

the package provided. 

Bradford·proposes the concept· of an aggregate bid curve for public goods. 

Individual bid curves are simply indifference curves passing through a 

given initial state, with the numeraire good (which can be dollars} on the 

vertical axis and the public.good on the horizontal axis. 1 The aggregate 

bid curve is the algebraic (or vertical, in diagrammatic analyses) summation 

of individual bids over the relevant population. 

'l11e aggregate bid curve is an aggregate benefit curve, as it measures 

precisely what an accurate benefit-cost analysis of p:rovision of a public 
. . ; 

good would measure as benefits. Using the approach of methodological 

collccti vis11:, efficiency in tho. provision of a public good can be achieved 

by maxi mi zing the excess of aggrogate hid ove.r total cost, or equating the 

:first derivative of aggregate bid {i.e. marginal bid) with the marginal cost 

of provision. 2 Figure l shows the efficient· level of provision of the public 

good. 
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Fig:;re 1. Collective Optimization of the Quantity of Public Good Provided 
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Methods of Measuring the Benefits 
of Environmental Improvements 

At lea.st three general classes of methods of empirical estimation of the 

benefits of environmental improvements can be conceived. '.lnese are (1) direct 

costing of damage caused by environmental degradation, (2) methods which 

attempt to measure the revealed demand for environmental improvements by· 

focusing on the revca.lecl demand for appropriate proxies, and (3) techniques 

which o.ttempt to fit nradford 1 s individual bid curves by direct questioning 

of consumers of the good. "l11is third group of techniques usually involves 

some type of game playing with respondents, often bidding games. Each of 

these classes of methods will be briefly discussed and evaluated. 

(1) Direct costing methods. Implicit in the concept of a "marginal 

value of damage avoided by abatement" curve, as proposed by Kneesc and 

Bower [10], is the idea of cstjmatin8 the benefits of abatement of 

environmental dam:ige by directly estimating the costs attributable to that 

damage. Several workers have made progress along these lines, For example, 

Lave and Seskin (11] have had some success in relating the costs of impair

ment of human health to levels of air pollution. If all rdevant costs of 

a particular incidence of environmental damage can be identified, evaluated 

and srnnmed, a curve relating the value of damage .avoided to levels of 

environmental improvements can be fitted. The first derivative of this curve 

is the "M.V.D.A. 11 curve of Kneese and Bower [IO]. 

Tnese costing techniques are theoretically sound and may often be 

feasible in practice. However, difficulties ma)' be introduced by the 

unavailability of information and the pricing and accounting problems 
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lnhcrent in this type of analysis. These techniques wi.11 have l imi tc<l ,1ppl i

cution in valuation of aesthetic environmental improvements, since the costs 

of aesthetic drunag0s may setdom be directly reflected in the market. 

(2) Revealed demand techniques. Revealed demand techniques have been 

widely used for estimation of the demand for outdoor recreation, often a 

non-market good. 3 A number of applications to valuation of the benefits of 

air pollution abatement have been made, inclu~ing (1, 9, 12 and 16]. The 

principle is as follows. The benefits of provision of a non-market good 

are inferred from the revealed demand for some suitable proxy. In the case 

of air pollution abntc1,1cnt., the revealed deinand for residential land is 

related by regression analysis to air pollution concentrations. In metro

politan a:reas, it is possihl~ to obtain information on the concentration of 

specific air pollutants in different parts of the city. If all other 

variables relevant to· the valuation of urban residential land can be 

. d . .c; a4 d d 1 ent1 ... 1e an· measure, it ought to be possible to determine by regression 

analysis the extent to which air pollution concentrations affect observed 

land values. In this way, a proxy measure of the benefits of air pollution 

abatement is obtained. 

·rn0re are a numbe-r of difficulties with this type of analysis. Since 

the value ascribed to air pollution control is derived directly from the 

regression coefficient of the pollution concentration variable, accurate 

results t'oquire per.feet and complete specification of the regression equation. 

In an interesting recent study, Wieand [18] claims that when such regression 

models arc co1;:plctcly specified, the regression coefficient of the pollution 
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conccntr~tion variabk may not be significantly different from zero. 5 .Another 

difficulty, researchers in the field agree, lies. in interpretation of th.e 

results. Are all of the benefits of air pollution abatement captured in 

residential land values? Most think not. For our purposes, the other side 

of that coin is of interest: surely some benefits fo addition to the aesthetic 

bencfi ts are captured. \•n1ich addi t iona'l benefits?. 

In'the case study reported below, the geographical area affected by 

environmental damage includes urban areas, but also rural and agricultural· 

areas, and substantial areas of Indian reservation and National Parks, 

Monuments anJ Fl..)rests (which are not typically bought or sold on the market). 

Thus, techniques_ using property values as basic data are inapplicable to 

the case study situation. 

(3) Survey techniques inv0lving questioning of consumers. The researcher 

using these techniques·attcr.ipts to ascertain the v~lueof alternative packages 

of environmental improvements to individual consumers. (i.e. Bradford's 

individual bids) by clirect questioning of consumers of environmental im

provements. Such techniques may rangt} .from rather naive questioning along 

the lines of "how much is a·clean environment worth to you?" [8] to the much 

more sopnisticated game playing techniques used and reported by Sinden [17] 

and Randall, Ives and Eastman [14, 15]. 

·rn the case study reported below, Randall et al [14, 15] adapted the 

bidding game technique pioneered by Davis [6] (;in.the context of recreation 

demand analysis) for use in valuing the benefits of aesthetic environntcntal 

improvements. Through an iterative bidding procedure, an indifference curve 
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pas:;.i,1g t:1rough a given in:i t ia 1 state, with dol l:n· va lucs on the verl i c:11 

;ixis ;ind ::h:1tcrn0,1t of acs t:ict i c cnvi ronmontal clam:igc on the horizontal axis, 

Vertical :rnnnnatjon of individual ldds 

allows cnlculation of aggregate bids and fitting of an aggregate bid curve. 

Bidding games would seen to be the most direct and conceptually satis

factory method of est.i.maU ng Ilratlford I s aggregate benefit curve, which is 

derived :£-mm vertical summation of individual bid curves. 7 The difficulties 

of intc1·;:·1·ctation which are inherent in the revealed demand techniques 

developccl thus fa.r do not occur when the bidding game technique is used. 

TI1e dat-a obta.ined with b:i.dJ.ing games are not cost observations but 

individuals' pcrceptior.s of: value. Thus, bidding gan1cs can be used in 

si tuati.011s where diTect costing techniques are ineffective for lack of data. 

These aclvantogos of bidding game techinques over revealed demand and direct 

cost in~: t0chniques seem :=;nffi.cient to p1·oviclo encouragement for efforts, 

' l'A 15] · ' t 1 • 'd' f . 1 . f tl . suc:1 as l 1-1-, , to ao;1p 010 J.ng gm:ies . or use 1n va uat 1 on o aes 1et:i.c 

environm;;;ntal improvements. 

A Case Study: The Bcnt~fits of Abating Aesthetic Environmental Daniage8 
Associated with tr1c Four Corners Power Plant, Fruitland New Me)(ico 

As a contribution to·.\'ard a systematic study of policy alternatives for 

the coal mining and eleccricity generation industry in tl1c four.Cantors 

area, it was neccs:;~r'}' to estimate the benefits from abatement of aesthetic 

envi ronn.enta l damages associated with the Four Corners power plant and the 

Navajo mine near Fruitland, New Mexico. The hidding grrn1e technique was used. 
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The Desi6a of the BiJding Gawes 

Bid6ng };ames to deter.mine wil lingncss to pay for aesthetic environmental 

improvements rcre designed to elicit informatic111 on the hypothetical behavior 

of rcspo:,dents when facc<l with hypothetical situations. Thus J the efficacy 

of a bidding gar.10 used for this purpose depends on the reliability with which 

the stated hypothetical behavior is converted to acti0n, should the hypo

thetical situation posited in the game arise in actuality. The accuracy of 

the rcsuits, then, is very much dependent on the design of the games. Some 

desirab.lo qualities of bi<l<ling garncs are listed helow, a long with the features 

of th•~ g,rn,s::s used in our case study which were dosigned to satisfy those 

quality criteria. 

a) The hypothetical situation presented should be concrete rather than 

symbolic and shoultl have properties similar to those of the actual 

situation [5, 7]. ·me alternative environmental quality packages 

1ver0 defined in terms of the polluter's activities (e.g. tons of 

emissions) rather thr,n in nebulous terms like 11hazy skies," and 

were described to respondents both vei-hally and with sets of color 

photographs depicting the actual packages. Most respondents were 

f am.i liar with the plant and the mine. 

b) 111e test :items should involve routinized nnd in:,;titutionalizcd 

bdwvior, 1dwl'l' tlw roll' cxpoc..~t:1tion:; or tluJ n.:.spondent:s arc well 

defined [S, 7]. G&mes were designed using specific vehicles of 

payment. Tho vehicles of payment were realistic (for example, an 

increase in local sales t:::ixes, an 'increase in the monthly electricity 
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;)ill, an increase in use fees at recreation sites). l<espondents 

were familiar with the concept of agencies increasing taxes or 

foes in order to provide additional services (in this case, environ

n,cntnl services). Similarly. they hvd no difficulty with the idea 

that the electricity bill may increase if tho industry was required 

ro meet highr:::r envirorniicntal stancfards. The respondent, always 

an adult speaking f~ir his or her household, was placed jn the 

fn:.iiliar role of manager of the family finances. 

c) Questions should be framed so that a simple, precise answer is 

possible. The frame of reference should he specific. ·.1.11e ite1'a

ti ve hlddi.ng game procc<lure allows the respondent to answer "yes" 

or "no" to questions framed in the form: "would you be willing 

to pay an amount,. SX, •••• '? 11 This type of procedure is to be 

preferred to questions asking "how much do you think you would be 

willing to pay .... ?" 

d) In the case of bidding games to value public goods, the free rider 

problem must be avoided. This was done by simply assuring the 

respondent that all other members of the relevant population would 

he required to pay at the same rate as himself. 

The Conduct of the Survey 

St1·atified random samples of users of the affected environment (i.e. 

rcsldcnts nn<l visiting rccrcationists) were personally interviewed by 

carefully tr-:dncd enHmerators U:,iBf! prepared instruments which includc<l tho 
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bidding gi.imcs and also quc~tions to elicit relevo.nt socio-economic and 

attitudinal d;1ta. Th~ r0spondcnt was shown the photograph sets, which in

cluded 011c set defined as the starting point (tl1e worst environmental 

damage), 011.c set which rop1·escntcd an intermediate level of aesthetic 

environmental improveme:.1t, anJ ono set representing a very substantial 

i1:ipr0Vl)mcn t. Thus, three points on the indif ferencc ) rurvc between money 

and aesthetic environr.wntal iinprovement could be fo1·med for each respondent 

using each game. A series (If games based on alternative vehicles of pay-

1:icnt were U!>ed [ 15-], to provj<lc alternative estimates of the benefits of 

obntemcnt .~nJ to tC'st tho effectiveness of alternative games. 

Results 

In<livillual bi<ls were agg1·cgate<l over the relevant populations and 

aggrcg:1tc bid curves and marginal bid curves (analogous to demand curves 

for tib?.tc-rnent) we1·t: fitted. Elasticities of b~d with respect to income 

were cal cu.lated.. 1·;11~rc several g::i:nes were used with the same samples of 

respondents, aaalysis of the various ~amc results proceeded separately.; to 

provide alternative,estimates of aggregate bid, etc. The complete results 

are reported in [15] and the effectiveness of various game formats is 

discussed. 

Hore, the aggregate bi<ls obtained using a sales tax gmno with resi<lcnts 

of the affoctc<l rc1;ion and a use fc0 game with visiting recreationists are 

presented (table i) . 
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Table 1: Aggregate Bids·for Abatement of Aesthetic Environmental 
Damage Associated with the Four Corners Power Plant, 1972. 

Situation 
Item A B C 

Emissions (tons of part"icula.tes 
per year) "96,000 28,000 0 

Level of Abatement (tons of 
particulates per year} 0 70,000 96,000 

l.lstimatc<l Aggregate fii<l--Salcs Tax 
Game ($ millions per year) 0 15.54 24.57 

-

Standard Error($ millions per 
year) 1.24 · 1.52 

95% Confidence Limits ($ millions 
per year) +2.43 +2.97 
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Conc.luding Con1ments 

Validation of bidding game results is desirable. Sinden [17] was able 

to perform satisfactory validation tests by analyzing the relationship 

between the results obtained from respondents and the actual recreating 

behavior of thos.e respondents in the previous year. 

Our situation permits only validation procedures based on intuitive 

reasoning. We are prepared to argue that our results are of a reasonable 

order of magnitude and, if anything, conservative. (1) We believe the 

design of the bidding games allows confidence in their efficacy. (2) The 

individual household bid for abatement, on average, is of the same order 

of magnitude as the estimates of the value of particulate pollution abate-

ment obtained in revealed demand studies [1], when the latter are converted 

to a comparable basis. Mean individual household willingness to pay for 

abatement, measured by the sales tax game played with the non-reservation 

resident sample, was about $50 annually to achieve an intermediate level of 

abatement and $85 annually to achieve nearly complete abatement. (3) The 

estimated aggregate bids for abatement are relatively small given the scale 

of the operation at Four Corners; as indicated. by its 1970 emissions (96,000 

tons of particulates) and its total annual sales of $146 million. (4) Theoret

ical analyses indicate that the demand for abatement of an externality will 

be lower under a zero liability rule than under intermediate or full liability 

rules [13]. The bidding games used were based on :iero liability rules, and 

they should be expected to yield conservati'l.;:; estimates of the benefits of 

abatement. 
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Tnis experience with bidding games leads me to be cautiously optimistic 

about the use of bidding games for valuation of aesthetic environmental 

improvements. Bidding game techniques seem amenable to use as a research 

tool for valuation of a wide variety of non-ma1·ket goods. It must be under•• 

stood, however, that bidding games measure the hypothetical responses of 

individuals faced with hypothetical situations. Thus, considerable care 

must be exercised in the design of bidding gaines and the conduct of surveys 

for data collection, to ensure that the results obtained are as reliable 

as possible. 
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FOOTNOTES 

*The author gratefully acknowledges the inputs of Berry Iv.es and Clyd.e 

Eastman who were his colleagues and co-researchers during the empirical case 

study reported herein, and who were his co-authors for several publications 

emanating from that case study,. 

1Bradford [2] notes that these considerations of the nature- of the 

process of demanding a. public good mean that 'the usual :restraints placed 

on the slope of demand curves may not be relevant for public goods. A 

priori, nothing can be said about the slope of the "demand," or marginal 

aggregate bid, curve fo.r a public good. 

2 In the approach of methodological individualism, Pareto-efficiency is 

still not achieved since the price to the individual cannot equal the 

marginal cost to the individual (which is zero) and allow collection of 

sufficient funds to. cover the total cost of provision. 

3see (3]. 
4 . 
Somo appropriate variables are size and value of structures oti·the land, 

distance from places where services and employment opportunities are con

centrated, proportion of park land and open space in the neighborhoo~, density 

of population, proportion of various ra.cial and ethnic minorities in. the 

immediate vicinity, and the incidence of violent crimes. 

5Thc author is aware, through personal conversations with researchers 

active in the field, that the jury is still out,·on this question. Several 

researchers expect to be able to refute Wieand's conclusio~. 
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6sinden's bi~ding procedure, which he used to value outdoor recreation 

OFPYttuni.t:i cs, is somewhat different. He used an iterative procedure based 

on the Ramsey method of utility estimation to fit indifference curves, with 

two-alternative recreation qpportunities on the axes, for individual con

sumers. Then, individual demand curves were calculated in the textbook 

manner by finding points of tangency of indifference curves and budget lines 

(the latter determined from the price ratio of the two alternative recreation 

opportunities and the consumer's recreation budget). Some may prefer- Sinden's 

bidding procedure, in which the respondent is never asked to directly place 

a money value on the non-market good under study. However, the respondent 

is asked "what is your recreation budget?II, which may be difficult for many 

people to answer precisely (and Sinden observes that. his estimates of value 

a.re Sl'msitive to the size of the recreation budget). For use in valuing non

market public goods like aesthetic environmental improvement, the problem is 

much worse. The question, "what is your aesthetic environmental improvement 

budget? 11 is meaningless. 

7It is interesting to note that both Davis [6] and Sinden [17) convincingly 

claim the conceptual superiority of their bidding techniques for valuing 

outdoor recreation over the revealed demand technique (i.e. the travel cost 

method) •. 

8A complete report of the study is contained in [15]. 
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