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ABSTRACT

There has recently been increasing awareness that some environnental
pol lutants, because of the broad geographical scope of their effects, inpose
not only the direct affronts to human life and property of the traditiona
urban pollutants, but also attack the pleasures and the |life support services
that the earth’s ecosystem scaffolding can provide. Acid precipitation night
be one of these pollutants. The basic purpose of this report is to suggest
those types of natural science research that would be npst helpful to the
econoni st faced with the task of assessing the econonic benefits of
controlling acid precipitation. However, while trying to fornul ate these
suggestions, inadequacies in the supporting material the ecologist could offer
the economst, and in what the econonist could do with whatever the ecol ogi st
offered him became apparent. Therefore part of our effort has been devoted
to initial developnent of a resource allocation process framework for
explaining the behavior of ecosystems that can be integrated into a broadened
benefit-cost analyvsis which captures traditional ecological concerns about
ecosystem diversity and stability. Qur intent has been to nake a start at
providing a basis for the ecol ogical and the econom c disciplines to ask
better-defined questions of each other.

Some reasonably well-defined questions have neverthel ess been asked and
tentative answers have been provided for a few of them In particular, nost
of the existing techniques for assessing the benefits of pollution contro
require know edge of the magnitude of the response of the entity of interest
to variations in the quantity of pollution to which it is exposed. The entity
that is the object of interest in these estimtes of response surfaces or
functions must itself have value to humans or it nust contribute in some known
fashion to another entity having value to humans. Oherw se, the economst is
unable to performhis tasks. Additional properties that response surface
research nust have to be nost valuable for the enpirical inplementation of the
techni ques of benefit-cost analysis are outlined in the text.

The sinplest of these available techniques is applied in a first exercise
at using known response surfaces to assess the benefits of controlling acid
precipitation in Mnnesota and the states east of the Mississigﬂ Ri ver.

Current annual benefits of control are estimated to be $5 x 10~ in 1978
dollars, with materials danmges constituting the largest portion of these



benefits. The reader nust not treat this estimate as definitive, although the
ordering of current annual control benefits by sector is highly plausible.

The known response surfaces used to construct the above estimate
sonetinmes displayed two properties that could inpart “all-or-nothing” and
“now-or-never” features to the acid precipitation control decision problem
These two features arise because the marginal benefits of reducing acid
precipitation appear to be increasing over a substantial interval of
i ncreasi ng pH val ues, and because the effects of acid precipitation upon
ecosvstem buffering capacities are less than fully reversible, both
technically and economcally.
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[ NTRODUCTI ON

It is now widely accepted that the average pH of the annual precipitation
in nearly the entire United States east of the Mssissippi River was below 5.0
in 1972-73 [Qass (1978, pp. vii, 19)]. Only northern Wsconsin and southern
Florida were exenpted. Since 1972-73, no increase in rainfall pH is believed
to have occurred. Wth the likely increased conbustion of coal in Canada and
the United States, nobst commentators expect further reductions in pH |evels
and a further spreading of the geographical areas subjected to acid
precipitation and acidifying depositions. This expectation persists even
t hough doubts have been publicly expressed about whether sone of the
instrumentation used to measure precipitation acidity is accurate [Galloway,
et al. (1.979)] , and whether current neasures actuallv represent a decline from
historical pH |evels [Perhac (19791.

Substantial concern has been expressed in both scientific and lay circles
about the inpacts of increasingly acidic precipitation upon the flows of
material resources and amenity and life support services provided by forest
and aquatic ecosystenms. Because of these potential inpacts, policymakers in
the U S. and Canada are now being asked to weigh the benefits provided by
t hese resources and services against the costs of controlling em ssions of
acid precursors fromfossil fuel conbustion. Allied with these concerns are
nunerous proposals for more research on the biological and econonic effects of
acid precipitation. In this report we attenpt to provide policymakers with
some of the information they need to choose intelligently from anong these
proposals and to prepare adequately for the findings of whatever research
prograns are ultimately adopted. Al though researchers have made considerable
progress in identifying those features of different ecosystens that render
their economically val uabl e conponents and processes nore-or-1|ess vul nerable
to disruption as a consequence on long-term acid precipitation, the goal of
providing consistently dependabl e guidance to policvmakers has not yet been
r eached.

Toward this end, we have, after this introduction, structured this report
in four chapters. The next chapter provides an economist’'s review of the
existing literature on the biological and physical effects of acid
precipitation. The overview content is combined with linited information on
the market values of the affected material resources and amenity and life



support services to arrive at no better than order-of-na.gnitude assessnents of
the current annual econonic |osses to existing activities caused by acid
precipitation in the eastern United States (Mnnesota and the states east of
the Mssissippi River). The enphasis in this second chapter is on identifying
the econom c sectors that appear to be suffering the greatest danmges from
acid precipitation, Only the sinplest of economc nethods are used to perform
this first exercise in assessnent. A third chapter raises two plausible
speci al features, nonconvexities and irreversibilities, of the ecosystem
effects of acid precipitation that are likely to cause special. difficulties
for control decisionnaking as well as difficulties for the application of both
the sinple and nore sophisticated methods of assessing the economic benefits
of control. 1In a fourth chapter, we present a somewhat broader framework for
assessing the economic benefits of control than the framework that underlies
traditional assessnent nethods: we provide a start in the devel opment of a
framework which, in principle, allows one to assess the econonic inpact of
pollution or anv source of stress upon ecosystemyields and ecosystem
diversity. This framework has been devel oped because of the inattention given
by traditional econonic assessnent procedures to questions of fundanental
concern to ecologists, and because of our perceived lack of an

ecol ogi cal -theoretical. framework which could guide the questions the econonmi st
asks of the ecologist. Finally, while drawing upon the information generated
in the previous parts, we develop and try to defend a set of recommendations
for natural science research on the biological effects of acid precipitation.
Qur recommendations assunme that w thout exception all natural science research
into these effects is directed toward the provision of information for assess-
ing the economic benefits of acid precipitation control. This last chapter is
the culmination of our current efforts. The reader should therefore view the
report not as an assessment of the economic benefits of specific control
alternatives but rather as a prelude to that assessment.

The Tasks of the Econom st

W divide into six tasks the role of the economi st in providing decision-
makers with information to assess the benefits of controlling acid precipita-
tion. Since attenpts to treat these tasks, within the linits of research tine
and resources, conpose the bulk of this report, we offer onlv the briefest
treatnent here: -

1.) To enunerate a set of econonic indicators capable of communicating
national. and regional. economc benefits of alternative types and degrees of
control of acid precipitation.

2) To identify those features of acid precipitation that when altered
have direct inplications for the aforementioned indicators. These features
may affect directlv the conponents of ecosystens and the economic activities
that depend upon them Aternatively, they may alter the behavior of these
conponents, resulting in changes in ecosystem processes and the econonmic



activities which employ them An exanple of a direct effect is a reduction in
the yield of a vegetable due to acid precipitation-induced inhibition of
photosynthesis in the standing stock of vegetable plants. an indirect effect
m ght consist of the changes in successional Patterns of a forest due to the
differential effects of acid precipitation upon particular tree, understory,
and soil nicrobe species.

3) To identify and, where appropriate, develop a theoretical framework
for assessing the potential national and regional econom c benefits of
alternative acid precipitation control strategies. This framework should
generate refutabl e hypotheses about the causal relationships between the
features of various control strategies and the responses in economc terms of
rel evant ecosystem processes and conmponents. 1In short, the framework shoul d
make easier the appropriate specification and estimtion of the econonmc and
ecosystem paraneters needed to explain and to make predictions of the nmagni-
tudes and the timng of the potential benefits of alternative control strat-
egies,

4) To identify the data required to estinmate the aforenentioned para-
neters. The data requirements should be as parsinonious as the theoretica
framework will allow.

5) Gven the current state-of-the-world, to estimate the current values
of the relevant econom ¢ and ecosystem paraneters, while enploying properly
constructed variables, applicable statistical and nunerical tools, and an
appropriate sanple of ecosystens.

6) To incorporate the estimted parameters into a body of know edge that
will predict the values of the economc indicators resulting from adoption of
alternative acid precipitation control strategies.

CGeneral |y speaking, each of these tasks is served by an anal ytica
framework or model enconpassing a greater range of phenomena than did previous
nmodel s. of the six tasks, however, the third and the fourth are nost likely
to be of greatest relative interest to the professional researcher, while the
other four tasks assume greatest relative inportance for the decisionmker
In those parts of econonmics relevant to the assessment of the benefits of air
pollution control, there has frequently been inadequate attention by
anal ytical investigators to possibilities for inproved enpirica
i npl ementation. Analytical investigators have on occasion indulged in illicit
intercourse with beautiful mpdels, as at |east one economist has remarked. On
the other hand, econonists having some interest in enpirical inplenentation
have occasionally been too ready to indul ge requests to generate estimtes of
the benefits of air pollution control. From some perspectives, this report
might accomplish the unusual act of being cul pable on both counts. Th,second
chapter of the report engages in an enpirical exercise that is not solidly
enbedded in a theoretical framework. The fourth chapter goes through a
theoretical exercise which could be enpirically inplemented. Nevertheless, in
this report anv beauty it has nust be judged as an abstraction; it is provided



little enpirical flesh. Only the third chapter makes a limted attenpt to
clothe the abstract in the enpirical. W nevertheless feel that these rather
di sparate chapters do result in a set of natural science research
recommendat i ons, that when acconplished, are likely to be useful and inputs
for assessing the economnmic benefits of alternative acid precipitation control
strat egi es.

A Dynami ¢ Econonic Sketch of the Ecosystem Effects of Acid Precipitation

In order to frame our discussion, we present in this section a node
whi ch outlines the econom c nature of the problemof preventing ecosystem

damages fromacid precipitation. As will be near-universal throughout this
report, know edge of the dose-response function relating ecosystemeffects to
acid precipitation is central to any enpirical application of the nodel

Assume an industrial region, |, that generates a constant waste fl ow, W,
per tinme period. Sone of these wastes are carried and transformed by
atmospheric_ processes to a | ake region, L. The waste that travels the
distance, X, froml to 1. each period is given by:

L
X
W(XL) = -‘;— —j L(x)dx, (1)

u
0

where His the mxing or scavenging height of the air colum and u is the w nd
speed. H and u are assuned constant over [o,xh]. W/Hu = W/k is then the

initial pollution concentration at I. L(x) is a pollution,loss or trans-
formation function which is assuned constant over distance. — Thus
L - - L
W(x ) = Wk - Lx (2)

is the waste concentration arriving each period at L as a result of W being
generated in I.

At mospheric processes cause the waste to be deposited and accunulated in
L as a stock of pollution, P. This accumulation is:
dP

e g(W(x)) - ap, (3)

where g(+) neasures the waste concentration in the |ake region, and oP
neasures the abilities of the regi on’zc7 forest and aquatic ecosystenms, R to
cl eanse thenselves of the pollutant. — W assume that « is constant and
i ndependent of pollution. Forster (1975) discusses a model in which ais a
decreasing function of P.



The dynam ¢ evolution of Ris governed by a pollution version of the
Lotka (1925) biological growh function:

Fig

T OFR,P), (4

where, for a given E,Wthe F function has the usual Lotka shape. Increases in P
will shift the entire curve downward in Figure 1. The environnental carrying

capacity, R, is thus an inverse function of the level of pollution. That is:
R = ﬁ(P); R'<0 (5)

Expression (5) is an exanple of what is comonly called a dose-response
function. The loss in R may be thought of as the ecosystem damages caused by
a change in the pollution level. Its critical inportance to system behavior
and thus human welfare can be illustrated by introducing a harvesting function
relating man’s harvest, H fromthe systemto his harvesting effort, a, and
the size of the lake region’s forest and aquatic ecosystem resources

H = aR (6)
For a given level of effort, the harvest will be larger if the resources are

nore plentiful. Using (6) and the previous expressions, the dynam c structure
of the lake region ecosystemis governed by:

%§'= g (Wk - ZxL) - oP. (7)
ﬁtI:‘ F(R,P) - aR (8)

The limiting solution for pollution, PB, depends upon neteorological
factors, the level of waste enmissions in |, and the self-cleansing abilities
of the lake region's ecosystens:

1l - - L
Po = — gW/k - 1x ). (9)
This solution, which is globally stable, can be substituted into (9) to
examine the limting solution for R The result of doing so is illustrated
in Figure 2.

In Figure 2, pollution reduces the growh rate of the | ake region’s
resources and thereby reduces the region's environmental carrying capacity
fron1§(0) to R(Px). Wth a given level of harvesting effort, the bioceconomic
equilibrium stock size is reduced from R to R» and the equilibrium harvest
suffers a decline fromH to He, The equilibrium resource stock size is
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stabl e. Efforts to enhance the resource base by restocking fish or fert-
ilizing forest soils may offer tenporary respites by raising the resource
stock above R=. However, with P continuing at pe, the stock nust over time
decline again to R=,

The Meani ng of Economic Benefits

Everything said in this report unequivocally assunmes that man is the
measure of all things. As Adans and Crocker (forthcomi ng) point out, whatever
a person does nmust be the best thing for him to do, given his know edge of his
circumstances of the nonent--otherwi se, he would not do it: thus th person's
aut ononous preferences are revealed by his behavior. This is the perspective
of value that pervades econonmic analysis. Contrary, however, to nuch common
usage, “economcs” and “pecuniary” are not viewed as synonymous. For exanple,
human behavior and the health, production, or aesthetic effects of a pollutant
on that behavior are directly “econonmic.” The effects of a pollutant on
vegetation are “economc” only insofar as that vegetation contributes to human
heal th and happi ness.

The precedi ng perhaps conveys the stance of econonmics with respect to the
basi s of val ues. It fails, however, to state the units in which values are to
be measured or the context that bestows meaning on these units. Assune, for
exanpl e, that a person derives satisfaction froman aesthetic phenonenon, such

as lush vegetation. Tf there is a local decline in the [ushness of
vegetation, the person will possibly feel he has been made worse off,
However, if there are other worldly things capable of providing him

satisfaction, then some additional provision of these other things nay cause
him to feel as well off as he would without the decline in vegetation

| ushness. Finally, if these things can be secured by the expenditure of
incone, or tinme that can be used to earn incone, then there is sone additiona
incone that in the face of the lushness decline, weuld make the person feel no
worse off. The unit, therefore, in which econonics wuld have us neasure
value is noney stated in terns of incone. Inplicit in the acceptance of this
unit is the presunption that, even if the thing being val ued cannot be secured
in the marketplace, there are in this marketplace collections of other things
from which the person receives equal satisfaction. These other things, which
have narket prices attached, can under a quite wide range of well-specified
conditions, serve as vehicles to infer the “values” of entities and services
for which no directly observable pecuniary prices exist.

In spite of the common sense approach to valuation sketched above, it
will often yield, depending on the conditions adopted for the analysis,
different values for the same quantity variation in the entity being val ued.
For exanple, if one is interested in the control of a pollutant that is
damagi ng vegetation, the value that a person will attach to the reduction of



the pollutant can depend on whether one is neasuring what the person is
willing to pay for the reduction or what the person would have to be paid in
order not to have the reduction. 1In the latter case, because the person is
viewed as holding the legal right to stop the pollution, his revelation of
preferences is not linmted by his incone. However, his incone does linit what
he can do when he pust buy a cessation of pollution from soneone else. As his
noney becones scarce, he becomes reluctant to trade noney for goods.  Thus
the two neasures would be identical only when variations in incone play a
trivial role in determining the quantity of the good that the person will
choose to hol d.

O her sources of variations in values of identical changes in the quan-
tity of a particular good include whether, in an original and in a new state
the original is the nost preferred or the |east preferred quantity; whether
the valuation in the new state is independent of adjustnents in overal
patterns of consunption in noving fromthe original quantity of the good to
the new quantity; and whether the person can by his own actions adjust his
consunption of the good in question or, as with many pollutants, nust become
resigned to an externally inposed fate. In short, to be neaningful and
conmuni cable, the exact context of a particular econom ¢ valuation neasure
must be explicitly and fullv stated. The criteria for judging which of the
several analytically correct valuation neasures to apply to a particular rea
probl em nmust often come from outside economcs

Benefits Assessnment Methodol ogi es

Schulze, et al. (forthconing) provide an informative and succinct comon
theoretical basis for the alternative econonic nethodol ogies available to

assess the benefits o acid precipitation and other plausible
environmental ine /COHFFUlF ggt their analysis with the recognition that
al | assessnent etk odo ogi es presure that there exist narketplace collections
of things other than the entity being valued from which the representative
i ndi vidual could receive equal satisfaction. These substitution possibilities
are said to exist across alternative activities and |ocations, both of which
are denoted A ... . A .....A. Each of these activities and/or locations is

. . 1 ) - a 3
associ at ed W|t:]h a_partieular level of environnental quality, Qs--- LIFPRE 0

. , . [y
Increases in the Q, represent environmental quality inprovenents
1

The individual's weakly separable, quasi-concave utility function is
witten as:

UA,,Q,,%), (10)

where X is a conposite commodity the nagnitude of which is unaffected by A
and 0 Uility is assunmed to be increasing in Ai Q, and X The



i ndi vi dual’ decision problemis then to maximze (1) subject to a budget
constraint:—

n
Y - igl Pl'Ai -X=o0, (11)

where Y is current period incone, P is the price of the ith activity, and X

is assumed to have a price of unity.” The necessary conditions for solution of
the problem include

BU/BA{ BU/BAi
i li:)’ and BU/BX - | “ 1 | = O (12)

au/ ax’

assumi ng that A.1 is consuned in some positive quantity. This says that the
i ndi vidual will equate the marginal rate of substitution of the ith activity
for X to the price, Pi’ of that activity.

To deternmine the marginal willingness-to-pay for the environnental
quality associated with a particular activity, i=1, Schulze et al. set (10)
equal to a constant and then totally differentiate this expression as well as
expression (11). Wen dAi:O for i#1, and by using (12), they obtain:

n

g_:f) ) Z Ai ﬂ 3U/301 (13)
15 o, 311/ 9%

This represents the additional incone that in the face of an environmental

qual ity change woul d nmake the individual feel no worse off. Considering only

the total differential of (11), while continuing to assune that d0Q =0 for i#1,

they obtain another expression for dY/dQ]: :

n

n
dy dp dA.
&2-i=§:Aj i +ZP i + dX (14)

s i e
i=1 do‘l i=1 dQl dQ1

When one equates (13) and (14), and cancels sinmilar ternms, the result is:

n
y or Mioea = 20 (15)
= dQ, dQ1 au/ ax
In short, the last two terms in (14) are negative.
Schulze, et al. suggest that (14) and (15) provide a common and easily

10



grasped basis for interpreting the substantive analytical content and the data
requi rements of alternative econom ¢ nethodol ogi es for assessing nmargi na

wi | | ingnesses-to-pay for changes in environnmental quality. Consi der, for
exanpl e, an air pollutant which reduces the yield of an agricultural crop
One expedient method to assess the economc value of a quality inprovenent is
simply to ask individual producers and consuners what their nmagnitudes of
dY/dQ_ are. Thi s approach, probably because of the ready availability of
price, yield, and location data, has not to our know edge vet been used to
assess agricultural damages fromair pollution. Under the |abel of “bidding
ganes” or “contingent valuations” it has been widelv used to val ue environmen-
tal quality inprovenents where there is little or no historical experience
with the potential inprovemrent and where directly observable price and
quantity data are unavailable to either the researcher or the individua
producer and consumer. These circunstances aptly describe many aesthetic and
health effects of air pollution. Schulze et al. thoroughly review and
eval uate several of the existing contingent valuation studies, and provide a
listing of many nore. Brookshire and Crocker (forthcom ng) provide further
di scussion of the real-world circunstances under which contingent valuation
approaches are especially appropriate. Al'though the natural science
infornational requirenents of these nethods might appear to be mininal or
nonexi stent, all commentaries insist that great care nust be taken in
describing the state-of-the-world to which the interviewee is to be asked to
r espond. O herwi se, biases can be introduced that nake intervi ewee responses
uni nt er pret abl e. Thus , although natural science information is not an
integral part of the analytical exercise involved in contingent valuation
methods, it does play an inportant role in establishing the scenario that is
to be val ued.

If agricultural settings have seen but infrequent application of the
contingent valuation nethods that capture the right-hand-side of (14), they
have experienced nunerous applications of nethods that focus on no nore than
the mddle term £P (dA /dQ % on its |eft-hand-side. Exanpl es are Benedict,
et al. (1973) and M%lle%an 1976) . When the P, are readily observable, the
role the economist need play is mniml; the role of the natural scientist
dom nates because, by assunption, only the activities change in response to
changes in environnental quality. Thus the natural scientist nmust translate
alternative air pollution states into changes in plant growh, and changes in
this growth into changes in useful yield. Gven that crops and crop varieties
display different tolerances to pollution, numerous dose-response functions
simlar to those established for alfalfa by Gshima and his colleagues (1976)
may be required. Having obtained these dose-response functions for the |ist
of activities in question, the determination of dY/d0_  is a sinple matter of

multiplying the changes in yields by the observed or inferred narket prices

If the scope of the analysis extends beyond yield effects upon existing
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cropping and location patterns, the role of the econom st for evaluating

P .(dA_ /dQ. ) need not be quite so limted as the previous paragraph inplies.
I pé}ticular, a change in pollution nmay make alternative cropping and

| ocation patterns nore appealing. Economic contributions are then useful in
specifying those anmong the set of feasible grower alternatives that are worthy
of detailed investigation. Nevertheless, the core of the exercise remains the
estimation by natutal~scientists of the yield responses of individual crops to
pol lution under a variety of environnental conditions and in a variety of

| ocati ons.

Two terms remain on the right-hand-side of (5) that we have not yet
discussed: IA dP /d0_, the change in the price of the ith activity due to a
change in the environmental quality paranmeter; and dX/dQ@, the change in
expenditures on the conposite commdity due to a change in the quality para-
meter. Here the relative inportance of the roles of the natural scientist and
the econonmist is reversed fromthe earlier discussion. Cropping and |ocation
patterns are treated as being utterly unresponsive to changes in the quality
par anet er. Al adjustnments to variations in the quality paraneter are
reflected in inferred or narket prices al one. Thus, for exanple, as Johnson
and Hough (1970) and Crocker (1971) have done, one mght estimte dY/dQ by
hol ding the levels of all agricultural activities constant, the prices of al
other comodities except land constant, and the nmagnitude of expenditures on
ot her goods constant, and then estimate the effect of variations in the
quality paraneter upon the narket prices of agricultural sites. In this
extrene case, the only role of the natural scientist would be to identify the
sites that are subjected to a variety of levels of pollution. If th, number
of activities whose price responsivenesses to pollution was of interest were
to be expanded for studv purposes, the natural scientist’s role would continue
to be limted to specifying the existing levels of these activities. Just as
with contingent valuation methods, the natural scientist’'s expertise on the
behavi or of organisns under stress has no role to play.

The inportance of considering these dP,/dQ, and dX/dQ, terns is readily
percei ved by considering a sinple analytic%f“noéel of "price determinati.on
frequently used by agricultural econom sts. Specifically, the equilibrium
price of agricultural conmodities, in the aggregate or individually, may be
derived fromthe intersection of the relevant supply and demand curves. The
effects of air pollution nay be viewed as a supply phenonenon, shifting the
supply curve. Gven the generally inelastic demand for agricultural com
nodities, the supply-demand nodel indicates that shifts in the supply curve
will translate into rather large shifts in the equilibrium price of food.
Thus, following fromthe nature of the demand-supply relationships, one may
hypot hesi ze changes in commodity prices if air pollution affects the position
of the supply curve

12



The significance of these price novenents is that agricultural prices
cannot necessarily be assumed to be static or stable. Further, changes in
agricultural prices do not occur in isolation but rather work their way
through the svstem, affecting the welfare of consunmers, producers, input
suppliers, resource owners, and other parties. For exanple, given the gen-
erally inelastic demand for agricultural comodities, reductions in supply nmay
actually increase farners total net revenue, as the attendant price rise my
be greater than the percentage reduction in quantity supplied or produced.
Conversely, the increase in prices froma supply reduction will reduce con-
suners’ welfare. Thus, if air pollution alters yield of a substantial pro-
portion of a given crop or causes a reduction in planted acreage of that crop
then the overall change in supply nay result in changes in the price at the
farmlevel which will ultimately be felt at the consuner |evel. Alter-
natively, if farmers enploy mtigative nmeasures to adjust for the presence of
air pollution, then any additional costs of such nmeasures may al so affect
consuners through shifts in supply caused by changes in producers’ cost
functions.

Fortunately, the alternative nmethods available to assess the benefits of
controlling pollution such as acid precipitation are not limted only to those
whi ch ask hypot hetical questions of supposedly know edgeable interviewees,
consider the activity effects but not the price effects, or consider the price
effects but not the activity effects, of a pollution change. Consi der the
followi ng quadratic progranm ng nodel, with which Adans, et al. (1979) have
recently assessed the economic inpact of air pollution upon southern
California agriculture, as an exanple of the ability of many econonic nethod-
ol ogies to capture both the price and the activity effects of pollution-

i nduced damages. Again, however, the viability of the methodology is utterly
dependent upon the availability of accurate dose-response functions

Assume that the effect of acid precipitation upon a set of annual agri-
cultural crops in a nunber of regions is of concern. The markets for each of
the included crops in each region operate so as to solve the follow ng
probl em

T T T
Mx: 7 = CO + 1/20DQ-H O (16)
Subject to: AQ <D
Q>0

The symmetric matrix D in the objective function is negative definite,
and the constraints are convex. The terms of (16) are defined as follows.

Ais amx n matrix of production coefficients indicating the
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i nvariant anount of each of a variety of inputs required to produce
any single unit of a particular output.

0is anx 1 colum vector of crop outputs

Dis amx mmatrix representing slope values of the linear demand
structure for’thé fourteen included crops.

His an x 1 colum vector of invariant unit costs of production
for the included crops.

Cis anx 1 colum vector of constants.
bis amx 1. colum vector of inputs
As advocated by Harberger (1971.), = is the sum of ordinary consuner

surpl uses and producer quasi-rents. The supply functions for all producer
inputs purchased in the current period (seeds, labor, fertilizer, etc.) can be

assuned to be perfectly price-elastic. In addition, one can invoke Willig's
(1976) results and presune any differences between ordi nary and conpensated
consuner surpluses to be trivial. Since neither incone elasticizes nor

ordi nary consunmer surpluses or expenditures as a percentage of incones are
likely to be large for nobst crops or other entities affected by acid
precipitation, this invocation seens reasonable.

The |eft-hand-side of the objective function in (16) can be stated in
ternms of observable by introducing a price forecasting expression:

P=C+ 1/2 DQ, (17)

where Pis a n x 1 vector of farmlevel crop prices. In matrix form the
objective function may then be expressed as:

PTQ - HQ = cTo_ + 1/ 2 QTDQ - HTQ (18)

In order to capture the inpact of acid precipitation upon crop yields, we
define a variable. Z* (0<z*<1) for each included crop in each region. The Q
terms in (16), (17), and (18) can then be stated as:

o (- 1Yy (19)
wher e

@ is anx11colum vector of yields of the n crops in the presence
of acid precipitation.
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zkis an x 1 colum vector of indicies of yield reduction for the n
Crops.

| is anx 1 colum vector of unity.

Lis anx1colum vector of the |land acreage used for cultivating
the n crops. The total |and area available for all crops can be
assunmed to be fixed

Yis an x 1 colum vector of yields per acre of the n crops in the
absence of acid precipitation.

Gven L and Y constant, the value of Q varies inversely with the val ue
of z*. Thus regions with higher acid precipitation will have higher val ues of
Z* and consequently |lower values for Q*, The yield price effects of these
reductions in O are then predicted by (17), the price forecasting expression.
I mpacts of these predicted price changes upon consuner surpluses, producer
quasi-rents, and cropping patterns within and across regions can then be
calculated by solving the quadratic programm ng problem

The immediately preceding fornulation is meant to be illustrative of what
econoni ¢ analysis can do in assessing the benefits of controlling acid
precipitation. It by no neans exhausts the techniques that night be applied

to the various aspects of the acid precipitation issue, although it is
representative of the nost robust and economically neaningful of the available
t echni ques. Wth the sole exception of contingent valuation techniques which
enpl oy stated answers to hypothetical questions as data, all these techniques
use observed decisionmaker behavior as data. The economic interpretation of
these data on observed behavior is generally unable to proceed unless believ-
able and,useful dose-response functions can be provided by the natural sci-
entist.> In the last chapter, we shall have a great deal to say about what a
dose-response function nust include if it is to be useful to the economi st.
For the next two chapters, we try to enploy the know edge the natura
scientist has thus far accumulated on dose-response functions to gain sone
insights into the econonic benefits of controlling acid precipitation.
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This is adapted from Hamlen (1978), bearing in mind that emi ssions
are generated in | only.

Note that this fornmulation deals with deposition of sulfur or wo,
as such, rather than. acidity. The United States - Canada Research
Consul tation Group (undated, p.11) states that this is comon to all
nodel s in the area.

See Freeman (1979) and Maler (1974) for additional treatnents grounded
upon an internally consistent theoretical franework.

Further generality can be easily obtained by introducing a tinme con-
straint. At the level of abstraction used in this section, no additiona
insights would be gained by doing so.

It should be mentioned that, at least in principle, the duality between
cost and production (dose-response) functions that the envel ope theorem
provi des neans that the economist, without any dose-response data what -
soever, can use data on observed behavior to perform anal yses of the
benefits of controlling acid precipitation. For a clear treatnent of the
envel ope theorem see Silberberg (1978, pp. 309-312). Most interestingly
perhaps, the theorem inplies that one could estimte dose-response functions
using only data on cost function parameters. This would pernmt the
services of the natural scientist to be dispensed with entirely! However,
given the sonewhat disturbing findings of Appelbaum (1978) and others on
the enpirical reality of this dualism we prefer to refrain, for now,
from stating that the research of the natural sciences into dose-response
functions is irrelevant. Nevertheless, a careful inventory of practica
opportunities for enpirical applications of duality principles to the

val uation of pollution inpacts woul d be worthwhile.
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