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ARBSTRACT

The purpose of this paper is to explore how the
optimal level of water guality might be established in  an
economic context. A canventional Arrow—-Dehbrey type model of
Fareto optimality isg developed in static equilibrium., It is
modified to show how pollution caused by industry (in this
example) can lead ta market distortions. The model is
compared with several others that have appeared Iin the

literature.

The standard result is then established, that
governmeant intervention, either in the form of taxes or
guantitative controls, might be appropriate. A number of
weaknesses in the model, such as the assumptions of pure
competition and the availability of information, are  then

discussed in the context of current literature.

In the final part, the model is extended into the
dynamic framework, which has not to my knowledge been done
with a model specitically oriented towards environmental
problems (and the particul ar relationship between externali-
ties and public goods that this entails). The dynamic
madel , which is developed in goods space, is shown to be

bal anced throughout the procedure.



SOMMAIRE

L objet de ce rappotrt est d*étudier comment le
niveauw optimal de la qualiteé de 1°eau pourrait etre &tahli
dans wun contexte economique. Un modele conventionnel de
l7optimum de Fareto du type Arrow-Debreu est developpé en
gquilibre statique. VDans cet exemple, 11 est démontrs gque
la pollution peut créer des distortions dans le marché, Far
la suite, le modeéle est compare aveo guelgues autres de &

Parus dans la littérature.

I1 est établi que le résultat standard {interven—
tion gouvernementale sous forme de tawe ou de rationnement
quantitatif) pourrait etre approprié, Quelgues faibleszes
dans le modele, comme les hypothéses de concurrence par%aite
et la diponiblité des informations nécessaires, sont
discutées par la suite, dans le contexte de la littératures

cCouwrante,

Dans la dernieére partie du rapport, le modele 4
éeté amenéd & 1 état dvnamigue. £ ma connaissance, il n'a pas
été fait avec un modeéle spécifiquement orientd vers leg
probl émes de lenvironnement (et les relations particuliéres
entre les externalités et les biens publics gue cela
impliques., Il est démontrs gue l=z modéele dyrnamgue, qui est
developpé dans l"espace des biens, est balancéd en  tout

temps.,



r — INTRODUCTION

Follution first became a major issue about fiftesn
Years ago. In surviving the tests of time, it has proved to
be more than a fad. in fact, a guestion of continuing impor-—

tance for citizens and policy makers alike.

Surprisingly, economics, often seen as the villain
of the piece, has contributed to the durability of this
l1ssue, in particular as it relates to air and water pollu-
tion. In part, this is because pollution fitted neatly into
neo—classical economic theaory in the context of externali-
ties. It has been demonstrated that pollution is bound to
cause ‘'"economic inefficiency”, which economists generally

would like to see bpurged from the earth.

S e e Dt e o e 2 e e D e 2

Before pursuing the analvysis, it is essential to
be clear about what we mean by variousg terms, such  as
economic efficiency, externalities and public goeods, as it
1s my intention to present a fairly rigorous exposition of
these issues. A very hbrief historical sSYyNnopsis of the

development of the concepts is also presented.
Economic Efficiency

Econaomic efficiency describes a situation in
which resources are allocated in an "optimal " way. The most
common definition of optimality is one developed by Fareto,

which states that an optimal allocation iz one for which no



one can be made better off without someone else being made
worse off. In effect every individual has a veto on any

change.

This has led to the development of the compensa-—
tion principle, introduced by kEaldor and Hicks. By this
principle, the gainers must be able to compensate losers
(even if they do not). Otherwise the basic definition is

respecteasd.

The definition of optimality and economic efi-
ciency has a major weakness in that it is incapable of
evaluating the merit of questions involving the distribution
of income. If 99% of the world's resources were controlled
by one person, no Fareto optimal reallocation could leave
him worse off than bhefore. Whenever applied to a real warld

situation, therefore, this system tends to support the

status_guo.

In the context of pollution of the 2nvironment,
distributional issues have been much discussed in the con-
text of property rights. Is there a right to pollute, aor a
right to a clean environment? Are there acquired rights to
pollute? While these topics go beyond the scope of +this
Raper., praperty rights have been a maior topic of discussion
in the economic literature, in particular in the comparisan
of taxation and subsidy zschemes. I will make clear at what
points in the discussion different assumptions about inmnitial

distribution of rights could vield different results.
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Externalities

Externalities in gconomics are of two basic tvpes,
pecuniary and technolegical. This distinction goes back to
Marshall <1920, though he did not use these 2¥act terms.
(c+. Laffont <1977 po. 14-183. He credits Meade T1RFZ: for
the clear cut distinction between the two.) Fecuniary
externalities are those which manifest themselves through
the price svstem. The standard example is scarce resource
inputs in an industry, such that eupansion causes the price
of the input to rise. As a result the whole industry supply
curve is not equal to the simple sum of individual firms”
supply curves (which are constructed holding other things
equal , a condition which does rot hold when several or all
firms expand at the same time). Since pecuniary externali-
ties work through the market, they do not distort the allo-

cation of resocourrces.

The concern af this paper is  with externalities
which do cause a distortion in the allocation of resources,
thereby causing inefficiency., in that a different allocation
can  be shown to produce greater satisfaction. In the case
of pollution, this is one of the principal demonstrations of
the next chapter, where efficiency is analvrzed in a static

Arvrow-Debreu type model.

AN external ity may  be said to exizt  when tha
utility (productivity) of one consumer (producer) is

affected by the activity of another agent. This mav gJive



rise to endless possibilities: Arrow <1969, in a much
cited article, develops a model in which each consumer’®s
utility may be affected by every other cansumer ™ s

consumption of =ach good.

He draws two implications from this: first that
the pricing mechanism requires at least the possibility of
excluding non-buvers from the use of the product, which may
be prohibitively expensive. He cites pollution as his main
example. The second implication is that the market in
effect dissolves: each "commoditv" has only one buver and
one seller, and one cannot rely upon competitive equilibrium

to establish optimal pricing.

Laffont <1977 has an even more complex model in
which every producer is also atfected by the production of
the Dthers; It is also possible to i1magine consumption
atfecting production and production affecting consumption.
The model that will be developed here however is relatively
confined: consumers” utility is affected hyv externalities
associated with production. The rationale for itsg exact

formulation is discussed anon.

Monopoly is the standard example of Fareto ines-—
ficiency. The studvy of the allocative impact of moncpoly
antedates Fareto's work, going back to at least Edgeworth
{ecf., Arrow <1269 %), Enight <1924 was one of those respon-

sible Ffor producing a more rigorous analvsis. My interest



externalities analvsis, relates to the question of what
happens when there is pollution in an economy with monopoly.
Faced with two distortions, it is no longer a zimple matter
to determine whether intervention is warranted. While not
mathematically analyzed with an extension of the model, this
question is discussed in the context of the current litera-—

ture in chapter III.

Figou <1932 may not have been the first +o use

environmental examples in his discussion of winat are now

termed externalities, but he is generally credited with
proposing state intervention to rectifty the resulting
distortions. As Coase <1940 points out in detail, Figou’s

analysis is not rigorous, but has led nevertheless +to a
"Figovian tradition" and "Figovian taxes", by which +the
state restores an aoptimal allocation. Hesides Meade 195255,
Flott <1966 added considerable precision to the discussion.
The form that these tares might take is presented in  the
model towards the end of chapter I1: however as there are
many misgivings, a discussion {(in narrative formy is pre-—
sented with regard to several principal problems that have
emerged in the literature. In this regard the impact of
certain assumptions, presented with the formal model ,

should also not be taken lightly.

Public\Eoods

A certain amount of confusion arises in  the

discussion of public goods relative to externalities, at

u



least as far as environmental quality and externalities are
concerned. In his discussion of externalities Arrow L1949,
for example, called on Musgrave's exclusion principla

1959, which is normally seen to apply to public goods.

There has been much discussion in the literature
concerning the essential nature of a public good (Samuel son
1934, 1933%, Davis and Whinston 419875, Bradford TIRT7O s,
Milleron <1972: and Head 219773 Two characteristics stand
out: a public good is one for which the consumption by one
individual does not reduce the amount available to anather
(non*rivalnese), and the impossibility of price exclusion,
which induces the "free-rider" problem. Head introduces a
third criterion as well, non—rejectability, which he attyri-
butes to Shoup. This is in sense the corollary of the last.
Each individual is obliged to consume the good at the same

level as averyvone else.

There has been some attempt to rescue the reputa-—
tion of Lindahl, who published in German on the subject in
1919 (see, tor example, Johansen <1963 and Foley'{1970}).
Nevertheless, Samuelson’®s rigorous analysis may be said to
have put the analysis of public goods on a new footing with
the publication of his articles in 1954 and 1955, In these
he set up the conditions of optimality in the context of the
Arrow-Debrey model . and clearly presented the problem of the
free rider {the non-—-paving user). This model 15 easily

recognizable in current microeconomic teuts,
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There is abundant choice for the structure of  a
model] involving environmental variabless, as  environmental
gconomics  has virtually become a field of its CHATY The
confusion as to whether the model relates to externalities
or public goods is campounded here. Just as 2xamples, Flott
119446, Baumol and Oates T1971, 197%: and Teitenberg 197 Za,
12736 prefer to talk about externalities; Suchanelk 1977,
1979 uses public goods; meanwhile Montgomery T1RT2,

Tulkens and Schoumaker 19735, and Hamlen 1977 hedge their

bets and use both.

In fact these models show striking similarities.
If, for the sake of comparability, we  restrict the
discussion to the four general 2qulibrium models included
above (Teitenberg “197Z2a, 197Zbx, Baumol and Oates 1975,
Hamlen <19756> and Suchanek <1977 and 1979, we find the
following:
i) All treat an environmental guality variable as = factor
affecting consumers’ utilitysy
ii) Two (Teitenberg and EBaumol and Oates) consider snviron-
mental gquality also as an input factor in production, while
the other two do not;
iii) All consider pollution generation to kBe sxclusively
the result of productive activity:
1v) Al zae anvironmental auality as the z=imple  sum  of
pollutant emissions, except Teitenberg who introduces an

exogenous vector of "nature-determined inputs” as well.



The confusion over terminolagy, to my  mind,
revolves around the fact that environmental quality itsels
i3 basically =a public good by the definition above, wheresas
the pollutant emissions are characteristic of 2xternalities,
They are “ternalities of a special type in  that i+ 15
producer activity that affects consumers or (in two of the
above rases, at least) consumers and octher producers., Thera
are also numerous examples in the literature o¥f pollution
externalities (generated by firms) which atfect only  other
firms, such as Davis and Whinston T1H2 0, Flott <19&8&6% and

Mestelman <1982,

In the light of the above, my formulation of the
problem is fairly conventional. Follution generation is
associated with production, but it is only consumers that
suffer a loss of benefits, My environmental guality equa-
tion is not very different either, in that pollution
detracts from some pre-existing state~cf-nature to vield
present quality. This hardly impinges on  the analvsis

mathematically, but it is perhaps a little more realistic.

An important difference between the usual model

i}

involving public goods and ones involving the environment i

i

that the public good is normally produced, where as
environmental guality is diminished v productive Aactivity,
Masimization oFf grnvironmental quiality  would require the
shutting down of all industries for which total polluation

control would be too costly to consider. This structure is



perhaps realistic. i€ maximizing snvironemtnal quality were
the chisctive. and explains =s0me of the rhetoric 1N the

debate over tapyviranment versus jobs'.

It should be clear. however . that the approach
taken in this paper is intended to help eztablish aptimal
water quality. rather than to mawimize it. I+ i=s implicit
that some pollution would persist: put social utility or
satisfaction would be maximized. 1 must make clear however
that the analysis (both static and dynamic? 15 short  run
only, and therefore cannot be applied to any substance which
the natural environment cannot absorb and simply accumu=

lates. such as certain man-made substances 1ike polychlori-

nated biphenyls (FCEs).

In chapter II. I present the bazirc model in static
equilibrium. Chapter III is a narrative discussion of some
of the limitation of Figovian taxes {or their dual, quanti-—
tative controls). in chapter IV, 1 develop a dynamic ver-
sion of the model,. which I have never ssen done despite the
abundant work 1in static analysis. Finally., in chapter V. I
bring together a number of conclusions based on this work.

a11 the works cited are listed i chapter YI.




IT — THE sSTaTtTIcCc MODEL.

This part is divided into three sections. Im the
first section the conditions of a Faretp cptimum are estab-
lished in an economvy in which water pollution (effluent) ig
a normal "by—-product" of the process of producing private
goods. Frivate goods are such that the person consuming
them receives the full benefits of consumption. However the
effluents degrade water guality, which is, together with the
level of private goods consumption, a determinant of

individual welfare.

The less the water is polluted, the more satisfac—
tion people get. The gquality of the water may be considered
a "public good®. The "use" of water by one person has no
effect on the quality available to another, unless the uzer
pollutes the water. Frice exclusion is not possible, and
there is one level of water quality which evervyvbody

receives.

At the end of the tirst section the marginal
substitution rates between goods that would result in  a
Fareto optimum in the =conomvy are established for consumers
and producers. This is done for all goods in the 2CON0MY ,
including water quality and effluent levels. Az a Fareto
optimum is & state for which no other state canm be found

that would be preferable to it, given initial resgurce

U]

"

technology and distribution. It must also be an 2quili-

brium. an equilibrium is a situation in which no agent is

10



interested in altering his consumption or praoduction

choices, given the decisions of others.

In the second section, the impact ot A price
system based only on private goods is studied. This might
be seen as the "pre-control" situation. where Ffirms are
permitted to dump effluents into the environment without
costs or limitations. It is shown that an eguilibrium may
be established., but one that is non-optimal, in that it is
different from +the one in which all goods figured in the

calculation.

In the third section there is an  analvysis of what
the government would have to do to restore the optimum
conditions in an otherwise private market economv. Syztems
of ("Figovian") effluert taves or guantitative limits 59—

gest themselves.

AN economy consists of I consumears and J producing
firms. The firms produce & varieties of private goods,
while generating L different wastes. The conzumers may be
individually identified by the index i (i = 1.2,0...1)3 the
producers by the indsy ioti = 1.2, d) the private goods
by the index k (k = R P E and the effluents bv the

index 1 (1 = R I

Consumers receive zatisfaction from their consump-—
tion of private goods and the quality of the water. For anv

individual, this may be characterized as:

11
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-~
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Py

Wb o= gyt 2y where

and =z = (34.37,.,..23‘...,3L) ol
¥y 1s the amount of good k consumed by individual i. and gz
is a vector Fepresenting the quality of the environment in I

dimensions. Every type of waste defines a parametaer of

water quality, €.3. mercury content.

Froducers are assumed to be technically efficient,

and are constrained by the production function:

FIlw?, ~r3) = 0 where yJ = (yi.v%.,...yg....,yi)
and 7! = (ri,rg.....r{.....rﬂ) 2
vi defines net outputs of producer i of each good k., as in

conventional neoclassical nomanclature. Megative guantities

indicate inputs. This explains the negative sign of  +tha
second term 7, which is the amount of the various L efs]lu-
ents produced by firm . In the literature, effluents are

sometimes considered as inputs, sometimes as joint outputs,
As inputs they Carry a negative sign (as a guantityy, but as
outputs they have a negative value. The former treatment ig
perhaps more appropriate, in that thev are not « desired
output., but a (perhaps) necessary input. This approach also

permits a simple treatment of the question of environmental

quality,

The vector e (@ = (91,53,...,e1,,..,eL)} repra—
s@nts  the ‘'statse of nature" in the L dimensicne of  the
various effluents, (Thus there mayv be natural ly existing

concentrations of mercuwry in the water.) Hence:



‘

ri where 1 = 1.2,....0L

Z is a vector representing the actual level of water guali-
tv. It depends on the pre-existing state of nature and the

sum of all the effluents of the J producers.

Finally, to complete our characterization of a
simple econoamy, we must suppose that total consumption can

never exceed production plus initial resources:

Yi T ow, where Lk = 1,2,...,kK S

W represents the initial resources of the K private goods.

Before going ahead it is worth summarizing the
mare important assumptions implicit in the model . One is
the assumption of convexity in  the production and consump—
tion sets. For the firm convexity implies that if a given
output can he produced by either of two sets of inputs, then
it must be possible to produce the same  output  with  an
average of the two sets of inputs. For the consumer, the
same reasoning applies tgo his utility with regard  to  two

bundles of goods.

While the convexity of the production and con-—

sumption sets is g widely used assumption in economics,

there ig considerable concern over whether it shaould he ag—

sumed to apply where externalities are involved. Starrett
w1972, Baumol and Bradford w1FT7E, and Slater <1975: in
particul ar demonstrate the weakness of this proposition. A



simple “ample is thresholds of water guality abaove which
new water uses are possible, such as fishing or Swimming.
If there is more than arne such threshold, the convexity
(established by the second order conditions) 1s violated,

This assumption is., however, retained in the model developed

here.

Another assumption is that there are no con-

sumption or production externalities {evcept for the pollu-
tion externalities under study)., For example the pollution
generated by one firm is assumad to have no impact on other

producers. Davis and Whinston L1962 explore some of the

implications of this assumption, whereas Beavis and Walker
“1979>  study the impact of synergistic effects between pol -

lutants.

Another important assumption is that transaction
costs  are nil. Imitially, no institutional framework is
introduced, thus the nature of the process that might l=ad
to the optimum ie unconstrained but unknown. ANy instituy-
tions, such as the market or a centralized planning svstem,
are bound to manifest transaction costes. As these may vary

with the type of transaction, one would suppose that +the

be different from one where theyv ars not,

Returmning to the mods]l, the conditions $or an
optimum are established by manipulating the partial deriva-—

tives of the Lagrangian expression. Setting these equal to

14



zero defines the maximum, given the constraints specified in

the equation:

I Jd
L= I axrurur,z) - = L Y RN

1=1 i=1

L J K I J

+ Z x,{e;, - =z, - = iy o — Z ¥, { Z Hm R v o= w3

1=1 i=1 k=1 i=1 i=1
where = x}.x;....,x},...,x}), R I T
and r? = (rf.rg,...,ri,...,rﬂ) S

The first order conditions are:
A_ = otdut -y, =0 &
By B
L = -#72f2 + ¥, =0 7
3vi Avq

I

b= I ataul -, =0 8
Az, 1=] 3z,
—-BL__ = ¢ _Bf? - n, =0 7
3l—ri) 3{~-rji)

These basic relationships can be transformed into
the well known marginal rates of substitution (MRS of
consumers  and rates of technical substitution IRTS) of
producers between different goods. These substitution rates

characterize the optimum. Setting k=1 as the numaraire,

from <& gragr = ¥, RN
S

SR 2 ot Byt
~=BEe = ¥, = MRS, 1o
ot aut ¥y

B}

From <75 $73f£2 =y, SF

y3



$7af?
TE o+ g7 - BYe = ¥, = RTS?, K B R
#72E2
3y
¥y
From <&'> gt = aux
B f
Substituting intp <8 I v, au
L oAagr . ez, = Ay
1=1ax}
Therefore I Ayt I
32, = A, o= I MRS}, 12
i=1 a3yt ¥, i=1
3 F
v
From <7'% 43 = at?
ayi
Substituting into <9 by _Af2
B2 . 3 (-ri) = Ay
3y,
—_at?_
Therefore Blzrd) = xr, = RTS?2, T1E
af? ¥y
ay?

Between the various K private goods, the results
are strictly conventional: MRS, , = FTS,,, for all I consu-
mers and J producers, However there ig a distinct diffepr-—
ence in the results for water quality and effluents, Opti—-

mal conditions are met only when the sum of all the consy-
mers' MRS relative to A given environmental Parameter e,

egual the RTS for each producer.

If the system is normalized by satting %, = 1, the
interpretation of the lagrangian multipliers Yo oand i, 10
10N, 1l <123 and “13r becomes straightforward. They are
the implicit prices (in terms of k = 1} of the remaining

Private goods and all of the pollutants. Thus x, is the

16



value of a marginal change in z, (and i) to consumers (and

producers) .,

With the Lagrangian multipliers Ay Interpreted as
prices, Teitenberg <1973>, and Dasgupta and Heal L1979,
among  others, have shown that the solution to a similar
model represents a stable equilibrium, given competitive

behaviour. I will not make that proof here,

The apparent simplicity of the mathematical formu—
lations hides a number of problems, such as how these rates
are to be discovered and applied. The latter guestion will
be dealt with first. The former question is essentially the

subject of chapter IV.

At

only

At  this point no institutional structures such as
markets, prices, planning agencies or whatever have been
used in the model. Nevertheless the terms of substitution
between any two goods, public or private, for consumers and

producers, have been established for a Fareto optimum.

In the world, two principal methods of 2Conomic
organization are used, which are commonly known as Capita-—
lism and sccialism. A capitalist 2COonomy  uses primarily

markets and private ownership +to aliocate resources, while

the socialist model Uses planming and public ownership.

The next guestion is, does there exist a system of

17



prices (for private goods) within the context of a capita-
list economy which would be an equilibrium? The interest of
such a question lies in the evolution of the market ecoro-
mies. Frivate goods were priceds externalities (such as
effluents) and public goods (such as water guality) wera
not, The impact of such a sttuation will now be

demonstrated.

The economy retains its basic structure {equations
“1% to <4 above). An additional assumption must be intro-
duced., and that is that firms behave competitively and
accept market prices. It is clear that a non—optimal allo-
cation would result i+ this were not the case (Buchanan

“1%4% 5, Asch and Seneca <1975, and Lee <1975,

We now suppose that the consumer has an income of
B (without worrving about its source). His problem is to
maximize his 'utility Wa given a vector of prices p 4p =
(D,,Dg....,pk,...px)}. with a price corresponding ta each of
the ¥ goods. This may bhe expressed as:
k.

L= wulx) - p¢ = By, — R

where x = R R 140
The second term constrains his expenditures to his level of

revenues.

As  far as the consumer 1s concerned environmantal
gquality is an exogenous variahbhle, hence he 15 wunable to
adjust it +o improve his utility. Thus the remaining first

order (maximizing) conditions are:

18



AL = du_ - pup, = O C15
CEA Ay
Therefore 3L_ = B = up, TléE
A, A,
15 + <16 Au_
Ay = Py = MRS, , 17
Au_ P :
My

For his part the producer attempts to maximize

profits and is constrained by his production function:

L =X p,y, - PLF (v ~r) 3 where y= (Y s YinenaYunnoa¥y)

and r= AR TR AT RN ol 18

The first order conditions are:

AL = p. — ¢23f_ = 0 £19
BY Ay,
B __ = ¢__3f_ =0 R0
Bl—r,) B(—=r,)
From <19> +3f = p, 21
3Y 4
219 + 221 $af
~2Y%% = Bu = RTS,, L2
¢af_ Py
Y,
But <20x + 221> ¢_pf LRI
Blzry) = 0 = RTS, |,
+af Py
Ay,

A price system defined by the vector D will estab-—
lish equilibrium conditions throughout the economy, however
from <23% it is evident that this egquilibrium will not  be
optimal, unless Ay = 0 in equation <13, However this

A o

possibility is excluded by the form of <1> and

19



It is implicit in the model that the producers
suffer none of the loss taused by their pollution: thus
they will poliute up to the point where there iz no further
profit to be gained. Such a point will not be infinite,
since there will be decreasing returns on other inputs.
Meanwhile consumers will be gxposed to extensive degradation
of environmental aquality. As an egulibrium, it is not very

enticing.

We now suppose that our market oriented society
has recognized the pollution problem and found it expedient
to create a governmental Authority, empowerad to impose

tares or output constraints on consumers or producers,

There are a variety of ways in which the Authority
could respond +to the above situation: it could  ta the

producers directly, or it could tax consumers and use  the

proceeds to bribe the producers. There is considerable
debate about the symmetry of these two solutions: sae
Famien, Schwartz and Dolbear T196b and Faorter <1974:%:
Dewees and Sims w1978 Folinsky <1979, and Mestelman
w1982 5.

I will only elaborate on a tax on a2ffluents herea,
as well as its corocllary, a parmit market. Naturally the
tax will in fact be a vector g {q = QyaOsamnnalyneenaid, T

with a different taux rate for each of the L effluents.

20
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The producer's problem may now be characterized

as:

IS

L o= z Pe¥Ye — 4’{'{:(‘,‘/*—"—)} - Qa1
k=1 1=1

Where v=y, .y, ey nenayx and P g al s al g nenyt, 424
With respect to the first order conditions, T19 5,

21 and 422> are unchanged. Let us focus on the effluents:

3L = a, - ¢__2f__ =0 LES
A=) Bl—t,)
283 = 421 $__af
~2lzra) = g, 26
¢af _ =
Ay,

Now if g, is chosen such that:

91 = a X, LR
Py ‘P,.
where a" is some constant.
We have, as required, re-established the condi-
tions necessary for a Fareto optimum (see eguation <133) ».

It must also be that the consumer's uwtility is maximized
through his choice of x and the z resulting from the Autho-
rity's choice of (n 8 since r and =z are codetermined by
equation <4, Any r that respects <13% can only exist with

a z that will respect <12,

Rather than set z tax level Qs » the Authority

might choose to fix the total allowable guantity of emis—

sions i and establish a market for effluent permits.

1
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Some of the reasons it might choose to do this are discussed

in section IV.

With a permit market, the problem for the producer

will remain the same as expressed in 24, It must still
choose its effluent level based on the cost, which is no
longer in the form of a tax, but a permit price. A con-—

straint has been introduced, however, and that is that:

ridg,) = F, 1= 1,2,....L 28
1

b G

3
For any given (o each producer will choose its aptimal
level of effluent production. The sum of all producers'

discharges must equal the level established by the gover-

nment. Since

It

ri varies with q,,. there is onlv one .
i=1

that can result in Fow If 7, is set at its optimal level,

then the g, which results must also be optimal.

We have assumed that the cost of acguiring infor—

mation is nil. Since g, and ri depend on each other in a

1

LU 5 I o)

3
typical demand relationship, the same information is re-
guired to reach the optimal solution regardless which one is
fived and which is left to the market to establish. This=s
information is considerable, as all outputs depend indi-
rectly on the cost of generating effluesnts. More—or—-less
complete production functions of all firms must be known.
At this point there is no gaving in  information costs

associated with letting the market "do the work" of allo-

e
ol al



cating the permits. The government might just  as  well
assign all the r1i, as a number of authors propose (Weitzman

“1974, Rose-Ackerman <1977 and ~ohe <1981 ).

We will see in the neuxt chapter how, under more
realistic conditions concerning information availability,

market mechanisms might offer substantial sgconomies.

e
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I I — CRITICISMS OF GCOVEFRNMERNT

INTERVERNTION

While nearly all esconomists agree that, within
the confines of a simple model such as the one presented  in
the previous section. some form of government intervention
may be reguired. many have delighted in finding situations
in which intervention would be ill-advised. A number of
other economists such as Baumol and Dates <1973 recognize
the value of the contributions of these authors, and have
responded by improving simple models to take account of

these situations.

In this chapter three issues that tend to limit
the application of the corrective tares approach are
discussed: spontaneous negotiation, monopoly., and informa—
tion problems. They are presented more or less in the order

thaﬁ they emerged in the literature.

In 1960 Coase published a much cited article chal-
lenging Figou’s conclusion that wherever there is evidence
of externalities, the state should intervene to correct the
resulting misallacation. What has come to be known as the
Coase theorem resolves into two basic points: under the
critical constraint of zero transaction costs. Coase argues
that voluntary 2xchange will result in the zlimination of
gxternalities and achievement of Fareto-optimality,

regardless of property rights distributions and secondly,

24



even in the presence of transaction costs Fareto-optimality

may still be achieved without government intervention.

While the first issue has been much discussed in
the literature. the herocic nature of the assumption renders
it uwninteresting on a practical level. As  Baumol 1972:>
points out, even where there is a small number of polluters,
the number of pollutees is freguently very large (in the
millions of people). Thus the hypothesis that transaction
costs are zero where the externality is a pollutant is
unsustainable. However, it may be noted in passing that
this solution continues to be a relevant possibility in many
experiments on public goods and externalities which deal
with onlv a small number Df.SubjECtE. (e.g. Folinsky <1980

"

Frudencio <1982,

Much more important in the real world setting is
the suggestion that the optimum sclution mayv be non-
intervention even where negotiation is impossible, It ig
readilyv  understood that government intervention is alszso
costly: it is easy to imagine a case where a small amount
of pollution causes a small damage. and where the costs of
government intervention would greatly exceed the welfare
g&in. There is anothér issue as well, however. As Baumol
puts 1t

Coase’s central argument appears to be the following:
Every social cost is inherently reciprocal im  nature.
The nearby residents who breathe smoke spewn by a
factory must share with the management of the factory

the responsibility for the resulting social cost.
True, i¥f the factorv were closed up the social cost



would disappear. But the same holds for its neighbors
——were they to move away no one would sutfer gsmoke
nuisance. (1272 p. FTO8)

Thise approach 1s reminiscent of Tiebout L1FS55 5,
who argued that people would prefer to reside in communities
that offered an appropriate mix of municipal services. Such
an analysis was first extended to environmental amenities by
Anderson  and Crocker <1971, though they credit Lancaster
L1946 and his derived demand using "characteristics" more
directlv. They studied land values as a measure of air
pollution, the hypothesis being:

That a portion of air pollution damage to artifacts and
organisms is capitalised negatively into the value of
land and immobile durable improvements thereon. It is

readilv demonstrated that if air pollution is itself a
source of disutility or i+ it negatively modulates the

utility obtainable from other goods, and i+ dosages of
pollution vary over space, then land rents will VAary
inversely with air pollutant dosages. (Anderson  and

Crocker <1971>, p. 171.)

In such an analvsis it is implicit that consumers
adjust to the damaging externality, thereby avoiding some of
the damage. Coase’s argument is that this may be the least
cost solution to the externality problem. Baumol s <1972
response  was twofold: continuing damages should still be
subiect to tax, and, furthermaore, he asks who should be
paving the cost of pollution control ., the polluter or +the

pollutee?

Shibata and Winrich <1983 mhave attempted +o

resuscitate Coase’s Argument in the context of a conven—

tional model . They elaborate on the point that the least



cost control method may not be control at source {by the
polluter), but by those offended. As Baumol pointed out,

this does not obviate government intervention., but given the
cost of intervention, 1t probably reduces the number of

cases when a net welfare gain may be expected.

Monopolvy, or other deviations in market structure
from perfect competition, also gives rise to misallocation
of resources. Buchanan <1949> isg generally credited with
highlighting the fundamental "second best" nature of this
problem. If there is more than one departure from optimal
conditions, correction for one such departure may or may not

lead to an overall welfare improvement.

Asch and Seneca <1975: elaborated on the BRuchanan
model . evaluating empirically the welfare costs associated
with monopolistic power and environmental externalities in
the automobile industry. They find that:

It is always desirable ta correct for both monopoly and

externalities, but to treat only one of theseas

characteristics mav worsen welfares, Indeed, the

relevant comparisons suggest that if either "antitrust®

or "environmental" policy is advantageous alone, the
other may well be inadvisable. (<1975, p.78.)

Misiolek <1980 expands upon their wark, first de-—

fining the optimal tax formula, which may incorporate a

subsidy depending on demand elasticity (but not market con-

centration per =ze). He

oes further, noting that asch and

fis}

Seneca and Buchanan all posited a fixed relationship bhetwesn

external cost and output.
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Using a madel with two differant production
functions (with different external effects) he concludes:
As long as the optimal emissions taw can be calculated
for each productive process avalilable to sach firm and
political factors do not interfere with the pavment of
subsidies wheres appropriate, this approach results in
the attainment of efficient output levels for affected
industries. (£1980>, p.10&)
Thus, while the existence of monopolies should not
prevent any attempt at correction for the misallocation of
resources resulting  from either the mornopaly o the

pollution, it 13 clear that the calculation of benefits and

appropriate taxes is somewhat more caomplicated.

It was noted at the erd of the previous chapter
that the cost (to the Authority) of acauiring information
relating to consumers?® preferences and firms® production
functions was assumed to be nil. Meanwhile this information
was essential to enable it to establish the optimal taux

rates or guantitative effluent control s,

In fact. masses of information would have to be
gathered and processed, an argument which has often been
wsed against "market mechanisms! of control as opposed to
direct regulation (Roze—-Ackerman <1973, Euchanek <19793:),
Froblems of information collection and manipulation have
plagued all centrally planned economic systems, and =scono-
mists proposing partial central planning {(in +the rcurrent

case only for enviranmental commodities!) must also confront



this issue. (cF. Malinvaud <1967, and Arrow and FRadner

w1279 500

With public goods, the problem is complicated by
the fact thaé. in order to achieve Fareto optimality, those
who are to be taxdd must declare truthfully their prefer—
ences. This was demonstrated by Samuelson ~ 1954, 1955 .
For private goods this does not matter:s by definition
the purchaser captures the full benetits of consumption,
therefore he who is unwilling to pay does not receive. But
with public goods, the consumer still receives the benefit
of what others purchase, introducing an incentive to under—

state one’s valuation of the gaod.

Ignoring this for the moment , let us assume thar
agents are strictly honest. It would still be veky
difficult to evaluate consumer preferences. Since our model
relies on the market for the distribution of private goods,

the Authority is only really concerned about the wvaluation

of the public goods, perhaps in terms of some numeraire

good.

BSurveys have in fact often heen used to esvaluate
consumer  "willingness to pav" to save ar re-establish some
environmantal amenity. Davis <1967 was perhaps the first

to do sa, but FRandall., Ives and Eastman 1974 established a

stronger theoretical anal vsis, relving on 2arlisr work tinm

i

other fields invalving public goods) by Eohm L1970, 1971 5%

and Bradford <1970,



Studies have been made on willingness to pay,.

willingness to accept compensation, behavioural or
expenditure adjustments, or combinations of the above. Nao
single standard has vet emerged. The purely hyvpothetica
nature of the problem has often been offered as an

explanation for the differences between estimated WTF and
WTA. Enetsch and Sinden summarize a typical argument:

(Mhese survey results have all been based on hypothe—

tical sCenarios. Respondents may consequently have
been free, and even encouraged by the nature of the
questions and interviews, to engage in deceptive res-—

ponse strategies in the hope of posszsible personal bene-

fit or otherwise to give unreliable evidence of what

their actual behaviour might be if confronted with real

payment or compensation options. (knetsch and Sinden
“1984x, p. 509.)

Enetsch and Sinden themselves are inclined to

accept the experimental data., even though it throws into

question such basic economic dogma as the reversabilitw of

mavements along indifference curves, but we will not go into

that here.

In short, the data gensrated are not usuallw VL=l
consistent, whether because the theory iz £1awed or simply
because the selfish interest of agents is at plav, or both.

What chance is there then for the Authority to learn the
true nature of all consumers® and producers’ preference and
cost functions? In the face of this problem sconomists have
tried a variety of approaches:

1} Abandon the problem and s@arch out alternative toch-

nigues such as direct regulation, based on whatever informa-—

tion the Authority hass



ii) Set an arbitrarvy standard of environmental guality., and
attempt to minimize firms’ costs of meeting this standard:
111) Attempt to develop tax Rrlans which are cheat-proof: and
1v) Construct a regulatory tramework such that firms®
interests will coincide with those of the collectivity.
These are not all mutually exclusive, as, for example, ¢(ii)

and (iv) could be used together.

Direct regulation

The first is not of much interest in the context
af this paper, though it may be noted in passing that
Buchanan and Tullock “1973%, Rose—-Ackearman L1977 . SBuchanek
T1979%  and Yohe <1981% have all attempted to defend direct
regulation as being, in effect., as efficient in its results

a5 any market hased scheme.

Standards and charges

The second approach, uwsually referred to as
standards and charges, is credited to RBaumol and Dates
L1971 =, though Hass <1970>, building on earlier work by
Deninger <1945, used the same approach for a zimulation

based on the Miami Fiver in Ohio.

This approach could lend itzelf easilyv +o  +he
problem as stated in the model in this paper. Instead of
relving om consumers  and mroducers to provide data  foae
calculation of the true optimum levels of various wabter

quality parameters, the Authority dictates a standard.

=1



Needless to savy, this could onlv by chance be aptimal, but
the Authority is not prevented from using whatever informa-

tion it can get ite hands on.

The method distinguishes itsels from direct
regulation in that it relies Hpon a market system to divide
up the available sffluents among producers. In the Baumnl
and Oates scheme, producers are assumed to be competitive.
It will be seen below {(re point iv) that +this hvpothesis

need not be maintained.

This approach continues to find favour, A% & num-—
ber of authors have helped to refine the model. Teitenberg
©197Zb*  introduces zones so that the marginal contribution
to pollutant concentration need only be the same for all
emitters in a given zone. Where the zone coincides with A
centralized sewer system, this would in fact he the CAaABe.
Revesz and Marks <19872% also introduce river parameters,
specifically temperature and flow rate, to make it more

realistic.

Cheat-proof tax schemes

The third approach is to develon cheat-proof or
incentive-hased +tax schemes (mainly aimed at COonsumers) .
This burgeoning literature is one of the main foci of +the
current public goods literature. While it is for the most
part in partial equilibrium, thers have been a number o

significant advances. It is alsao, notably, set in a dynamic

ey
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Context. This is necessary, as it is impossible for the
Authority to know the location of the optimal solution if it
does not krnow consumers® preference functions. It is not
likelv either that consumers will know each other’s prefsr-
ence functions. Thus the optimum can only be achisved

through a dynamic learning process.

The development of incentive mechanisms goes back

to Vickrey <19&13:, but his work was not followed upn For
nearly a decade. Malinvaud <1%971> and Drére and de 1a
Vallée Foussin <1971 are credited with development of =

class of dvnamic procedures now known as  MDF  processes.
(These are in fact used axtensively in the next chapter, in
which the dvnamic model is developed, although truthful
Feporting is assumed in my model.) In these models consu-
mers are assumed to follow a minimax strategy, that is, sach
consumer assumes others will make decisions that are the
least favourable to him. The stopping point, however, also
represents a Nash equilibrium, that is, Enowing the outcoms,

agents are not interested in changing their decisions.

Groves and Ledvard <1977 produce a general egui-

librium model which induces truthful revelation. However
they assume competitive behaviour by CoOnsumers, which
Hurwicsz T1972% has shown is ot individually rational (rot
in the individuals® bast intaerest). The baszic Groves arnd

i

Ledyard mocde ] is very similar to the one piresented

M
Uy

f

f:n 3R q
though theirs was not specifically conceived with environ-

mental guality in mind.
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More recent woark has attempted to find procedures
by which truthful revelation is the consumer’s  dominant
strategy. Laffont and Maskin <1983 prove {(in partial equi-
librium) that, although no MDF procedure meets these
reguirements, there are nevertheless a large class of such
processess that are Fareto optimal., balanced, and

individually rational.

In all, there has been considerable progress in
weakening the necessary assumptions concerning consumer
strategies in public goods models, This all depends,
however, on  the idea that consumers know, or sven want to

know their own MES.
Taxes and licences

The last approach bears a cerfain similarity to
the previous one, rcept that the orientation is towards
tirms rather thanm consumers. Initially the two approaches
started out on different footings, although Dasgupta, Ham~

mond and Maskin <1980 have integrated them to some extent.

The equivalence of effluent taxes and licenses as
means of achieving optimal environmental guality Was
discuszed {(albeit briefly) at the end of chapter IT. This

equivalence i1s however based on certainty of information.

Suppose the Authority incorrectly esstimateos the cost
functions: as Raoberts and Spence point out
Effluent charges brimng about too little cleanup  when

cleanup costs turn out to be higher than expected, anrd
they induce excessive cleanup when the caosts of cleanup

T4



turn out to be 1ow. Licenses have the apposite

failing. Since the level of cleanup is predetermined,
it will be too high when cleanup costs are high and too
low when costs are low. (119786, p.194.)

Which svystem iz better depends on the curvature of the cost
and damage functions (in the area of the optimum). As noted
by Dasgupta and Heal , a mixed scheme may not merely be
better in general, but can never be worse than either scheme

used in isolation (1979 >, p.407).

While Roberts and Spence were warking in  partial
equilibrium, Kwerel <1977 sxtends their work by developing
it in a general eguilibrium analysis and by demonstrating
that it works as well even when it is recognized that firms

may wish to deceive the Authority.

Dasgupta, Hammond and Maskin <1980 are  guite
critical of the Kwerel model. (This is a little surprising
zince the same Dasgupta with Heal <1979% make abundant use

of the original Roberts and Spence model, presenting it more

clearly in fact than the original authors.)

In particular they are concerned with the
limitations of perftect competition, separability of
pollution effects and convexity of the damage Ffunction.
They claim to do away with, or at least weakern, all of these
assumptions. They introduce a complex taw formula which iz
not  developed in their paper, but is a “"simple adaptation®
of the mechanism developed by Groves TIFTE ., Their +aux
system is "sufficient to guarantee the existences of taves

for which truth—-telling is (locally) optimal for firms and

Lo
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leads to optimum pollution levels". (1980, p.B&O)Y.

In his two papers <1977 and 1979, Suchanek com-—
pares tax and guota schemes, presenting these as  '"duals".
Care should be taken however, as  the models are not
symmetrical. The quotas are not sold to the firms but are
assigned, as one is likely to find in most conventional
regulations today. Thus they are not identical counter—
parts. This may account for Suchanek’™s conclusion that Tin
general, mechanisms designed to compute emissions’ charges
dual to optimal quotas ars not individually incentive
compatible"” <1979, p.1125%, which appears to be in direct
contradiciton to the guotation above from Dasgupta, Hammond

and Maskin.

In this debate the original tax/license schems
proposed by Roberts and Spence seemns to have been forgotten
in favour of an analysis of incentive taux schemes designed
for industry. Either way, the purpose is g2azentially the
SAMe , to produce a regulatory framewari by  which +firms
would be induced to be honest, thereby helping the Authority

to achieve its goals.

It may be noticed that the property rights
question might affect the Authority’ s preferred approach,
among the four outlined above. Those who are Ooning to  be
asked to pav for the cleanup on the basis of the information
they give have a much higher irncentive to lie. While

information fraom the other side, the T"owners" af the



environment, is still necessary in order that x true optimum
be obtained, sach individual agent has only a minimal impact

an his own welfare.

Information from consumers, who are much mors
numerous, will be much more castly than that concerning
producers, Thus a system like that of Baumol and Oates (ii,
above) has a certain administrative convenience about it,
although it does Rresuppose that it is the consumers that

have the right to a clean environment.

7



IV — THE DyYyNamMICc MODEL.

Im the opreviocus chapter I introduced certain
aspects of  the information prablem, in particular its
costliness and the unlikelihood that agents will both  krow
and want to give the Authority correct information concer—
ning their substituticon rates between goads. In this chap-
ter those problems will be once again forgotten {"aszsumed
awav'") while we focus on a third and critical aspect of +the

information problem.

In the model developed in chapter II, it is expec—
ted that the use of various inputs and outputs will Vary
with the level of the tax applied in order to restore the
optimal conditions. The "optimal tax” will thus he Ass0C—
iated with optimal levels of output and consumption as well,
and many of these will be different from their original

level s,

The problem is summarized by Baumol and Qates:

The optimal tax level on  an external ity gensrating
activity is not equal to the marginal net damage it
generates initially, but rather to the damage it would
cause if the level of the activity had been adjusted to
its optimal level.

If there is little hope of estimating the damage that
iz currently generated, how much less likely it is that
we can  evaluate the damage that would gcouwr in an
ootimal  world which we have rever experienced ar  even
dezcribed in quantitative terms. (C1271 % p. 4300

This highlights cre of the valuable a

-

peEcts o

the general

1

eguilibriuwm  approach: the model permits prices and gquarti-—
j
ties of all goods to vary. difficult as it may be +o predict



the outcome. Intuitively, it iz obvious that that the
prices and outputs of those goods that are most inextricably
tied to polluting processes will be the most heavily affec-—
ted when commensatinq taves or effluent rationing is  intro-
duced. In fact, the extent of this impact depends on

—
7

various elasticities. (See for example Yohe <197&2).

The problem is not merely that the final outcome
is not known:

Much  of the investment that will be made in any pollu-—
tion control program will take several vears to plan
and complete and will be largely irreversible once in
place. Thus the response to all subsequent policies
will be heavily dependent on previous history. Indeed
the cycle time may be so great as to prevent conver-—
gence, since the "correct" solution will be constantly
changing. {Roberts and Spence L1978%, p. 19300

It is important, therefore, to arrive as quickly and pain-

lesslvy as possible to the optimum level.

The MDF model, mentioned at the end of the last
chapter, has been‘extensivelv developed by Malinvaud <1%70-
71, 1971, 19725, Dreze and de la VYallée Poussin 1971
(referred to subseguently as DVF and Champsauwr, Dréze and
Henry <1974: (referred to as CoH) . The fundamental impor-
tance of this model is the dynamic processes involving
public goods which it illustrates. Malinvaud et_al. us= a
t&tonnement model. an approach first suggested hy Walras, in
which the demands and supplies of all goods  are aradual ly

adiusted, permitting the attainment of the true ootimum. Mo

exchange actually takes place until the solution is found,
No one., to mv knowledge, has adapted such an approach
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to externalities, per_se, although Tulkens and Schoumaler
L1975 have studied externalities in & "mon—tatonnement "
madel . A non—t&tonnement model is essentially one in which
exchange is permitted during the search for the equilibrium.
This mav result in a redistribution of income during the
process as a result of changing prices, and therefore it

generally leads to a result different from the t&tonmement

procedure (Negishi <196%23%).

The Tulkens and Schoumaker model is limited hy the
fact that it reduces to a two person/two  good ¥change
economy (no production). Their primary goal is to analyre
distributional impacts of a Figovian ta, a subiect that

does bevond the scope of this papar.

There are certain differences between the various
tatonnement-type models developed in the articles mentionad
above. Malinvaud <1970~-71%, DVF  and CDH have onlv one
producer., Wher only public goods are concerned., this allows
tor direct comparison between the firm*s RTS and the sum of

the consumers MRS to establish "distance" from the aptimum,

at which point the two are equal . This is the hasic ap-
proach of the latter two: CDH use a two part Drocedure,
while DVF have onlv one pDrivate good. Malinvaud <1970-71,

1982% resarts to averages where private goods are concernad,

as [ do below for both private and public goods.

Another difference lieg im whether the model
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haintains feasible outcomes at every stage of the process.
On the whole the above authors are able to achieve this only
by  working exclusively in goods space. Malinvaud, in the
second (taw? model presented in T1970-71 5, and also in
“1972k,  ventures into price space at the cost of balance
between outputs and allocations during the process, though

of course feasibility is re—established in the end.

Malinvaud®s 1972 approach is particularly appeal -
ing. in that he relies on prices for private goods and
quantitative controls for the public goods, much as I did in
the static model. In the model presented below, however, I
have opted for a well-behaved model that respects feasi-
bility throughout. To do this I have limited the analvsis
to goods space. The Authority assumes a greatly expanded
role, therefore, becoming in effect the "Bureau du plan',
responding to consumers® and producers® preterences with
cansumption and production targets for every good and every
agent. This a far cry from the free market, but it illus-~
trates the essential characteristics of a dynamic adiustment
process, I have also taken inspiration from Malinvaud
“1982%, though in that dynamic model he has neither produc-

tion nor publie goads.

The same basic model is used, as defined by sgqua-~
tions <1» to <45, In addition the guestion of distribution
of income must be resolved. To Malinvaud this guestion is
of critical importance (Malinmvaud <1967 and < 1970-71:),

though he cannot control it directly. Real income, as
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‘perceived by the consumers themselves, 1s not  known  in
advance, as it depends on their personal preferences. The
Authority nevertheless has three tools with which it affects
the distribution. They are the imnitial distribution, the
weighting of marginal utilities, and the shares of the gains
in welfare made at each stage of the t&tonnement process.
Malinvaud contents himself with the following:
assume that the procedure starts with an  initial
situation considered as satisfactory from the
distribution point of view, and verify that the
revisions progressively made in the situation treat the
various individuals equitably. ({1970-71> p. 1892.)

In the context of the water quality model, it
might be useful to think of the initial allocation as the
status_guo_ante, i.e. the market equilibrium established
above in the subsection "A price system for private goods
only". As  for the weighting of preferences and shares of
the welfare gain, I have, for simplicity, made the threes
vectors of weights the same, all defined by R*, This im-
plies that the owners of the polluting firms will experience
an  increase in welfare, along with evervbody else. This
need not be the case., but concerns relating to the distribu-

tion of income, or "property rights”", go beyond the scope of

this paper.

With regard to the weighting of preferences., it is
also necessary to involve the producers in  the collective
decision making. The conditicons of Fareto optimality are
only met when (for private goods) all MRS} and all RTS] for

each k are egual, and (for environmental goods) when the



sum  of all MRS} is equal to  each RTS3. Froducers are
assigned weights R?. A fifth equation now completes the

definition of the 2Conomy.

The (Flanming) Authority must start the procedure
by suggesting initial consumption and production levels far
all Private goods for each consumer and producer, and the

level of public goods (water guality), as well as dividing

effluent rights among the producers. Malinvaud calls these
suggestions "initial indicators'. These indicators must be
feasible, that is they must satigfy <2, TE3x and <4, We
have:
J
B _CE vl o+ 0 S T |
Rt o= J i=1 k= 1,20 0.0k TG
1- £ R?
i=1
I
B CE ) - e i= 1,2,....43
Yi® = I i=1 o= 1,2,....K 31
1- T R
1=1
.__.....Ei_._(el - E4 ) i = 1.4,
“rif® = I I = 1,2,....L IEZ
1- Z Rt
i=1

These indicators are likely to be inspired by the
existing market equilibrium, but the Authority mav wish to
anticipate increases in the desired levels of public goods.,

by implementing a certain reduction in effluents.

It is worth noting at this point that a relative-
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ly strong assumption is required with respect to the produc—

tion function <2, This is that it is caonvesx and is contin-—

uously differentiable. Its derivative must be positive with
respect to the numeraire, that is, af > 0,
Ay,

This assumption is necessary in order to maintain
feasibility anywhere in the production set. Malinvaud
11970-71 demonstrates that one could alternatively reqguire
that all goods be necessities (restricting thereby the

utility function:.

Consumers and producers respond with "pDroposals”.
The consumer expresses his marginal rates of substitution
(MRS) for the various private goods and water quality para-
meters in  terms of the numeraire (the first private good,
k=1). For simplicity, we define marginal rates of substitu-

tion as n¢ and ¥}.

Aul
Mg

mlk o= Byt b= 1,20, ..,k LRI
B}
ault
Az,

i3 = 3y’ 1 = 1,2,...,L DR
A}

When <ZZ: and <343 are compared with <10> and <123, it will

be remembered that at the optimum T 13 not only the
RTS¢, . but the price of any k relative to the numeraire. It
is only the sum of the ¥ that will give the relative prices
of any 1. This will have a bearing on the subseguent

devel opment.
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The producers's proposal consists of his rates of
technical substitution (RTS) for the various private goods
and the effluents, all in terms of the numeraire. Again, we
define ni as the rate of technical substitution between good
k and the numeraire, and ¥ as the rate of technical z=ubsti -
tution between effluent input 1 and the numeraire, both for
a given producer j.

af?

ayi
n] = af? B o= 1,2, .,k SIS

3y

11 = af? I = 1,2, 0., <36

This completes the first exchange of information.
The Authority calculates new indicators before inittiating a
second exchange. Each exchange of information occurs at a
given point in time t (t = 1,2,0...T). It is only at the
end of the procedure, Ta that the Authority defines the
final program, and the goods are traded or distributed.
This aspect characterizes the "tatonnement" process. The
final program identifies itself when no further changes can
improve the welfare of the society. This will be developed

presently.

All the wvariables should now be egxpressed as
derivatives with respect to the dynamic wvariable ¢, Al -
though the real variable (time) will he notationally
suppressed in what follows, it is important to remember that

all variables are now defined for a given t.



Consumers and producers have responded to the
Authority's initial indicators. Mow it must revise them.
In its search for a Fareto optimum, the Authority will want
to do several things. It will increase allocations of
particular goods to those consumers that have shown the
highest marginal wtility far them, by taking some awav from
those who value these goods least. To do this it must
determine whether the indiwvidual consumer or producer valuss

the good above or below the average.

The Authority will also attempt to induce a higher
production of those goods showing the greatest difference
between average MES and average RTS, and discouwraging the
production of those that are the least valued (relative to

their cost).
Revision of private goods indicators (other than numeraire)

The Authority must first establish the weighted
average of the MRS and RTS with which it will compars each
of the individual consumer's and producer's proposals. The
weighted average #, depends in part on the welghts arbitra-
Fily Sfixed in <29, as well as the individual MRS and RTS
themsel ves, For the private goods other than the numeraire

this would give the tollowing results:

I J
o= I Rmp o+ I Rig? ko= 2.3, ..., 237
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The interpretation of this is relatively straightforward.
Individual cansumers or producers that have been awarded

larger R* or R? will have a greaater impact on the average.

The next step is the actual comparison  af the
individual MRS and RTS with the average, in  order tg
determine whether the allocations should increase or
decrease. The heavier the weight, the greater the change.

iy = b, R*(np - 7, )

where i = 1,2,....1 and k = L S 4 SS
dyi = bR (%, - mil
where ; = LaZhwvesd and b = e S % GED

b is a vector of positive coefficients, one corresponding to

each good.

To determine the tptal change in % and Y the
Authority sums <3I8> and IR =, for all i and all 3=
respectively. The results are shown in TA0E and T41 .,
I
de, = b,¢ = Re*(mn}r - w, )
i=1
I
where dx, = I dutr and ko= b R 4 w40
i=1
J
dy, = b,{ £ (7, - ngli
=1
J
where dy, = = dv] and k = . R 1 R
.=1
a

To determine whether the procedure is balanced, that is, i+
the transfers sum to Tero, we may subtract <41 from T40 0,

getting:
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I I J J
dity — dy, = b,( = Rtny - Z R*A, + = Rimg - I RIfi,0

i=1 i=1 =1 i=1
whare k = U S 4 A Sl
Using <29> and <37% this easily reduces to zero, therefore:
dix, = dy, o= 23 ... K R

Thus, for each private good other than the nume-
raire, the procedure has the property of conservation of
resources: the net change in consumption will be equal to

the net change in production.

Ad justment of the public goods (water quality parameters)

The Authority must also revise the determination
of level of the public gonds, . and divide up the sffluent
rights. As might be expected, the Authoritv's formulation
of the problem is somewhat different than that for private

goods.

Before calculating the weighted average of the MRS
and RTS, we observe that it was the difference between this
weighted average and the individual MRS and RTS that told

the Authority whether the allocation of a particular private

good should be increased or decreased for that agent. This
was modified by the individual 's welghting factaor to
establish the change in his alloration. (SBee <39  and
A S50 it is as well for the firms' effluents, which

behave much 1lite any ohther input:

RI(E, - 1) I = 1,2,...,L 44
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Summed across all producers, this gives:

where dr, = dri and 1=1,2,....L w45

It is evident however that the same approach can-
not be used for the water quality parameters, which, first
of all, are the same for all individuals and  cannot  bhe
summed. Secondly, it is the sum of the individual MRS that
represents  the implicit price of the good, and 1t is +this
sum that must be compared to the welighted average (which we
have vet to define). However the change in water quality
still depends on the total weight of the consumers in  the

BConomy ., represented by ¢
i

R+, This is also true, in ef-
1

okt

fect, for private goods. Thus the change in a given water

quality parameter is defined by:
I I
dz, = ¢, ( T R*)( iy - T 1 = 1,2,....L b
Now let us look at ¥, the weighted average. The
guestion arises as to what weights should be attached ta thea

terms i and I R2¥7. Again it is clear that the first

1 =1

I ]

term must be modified by the total weight of Cconsumers 1n

the economy, i+ TEFr is  to be respected. Therefores:
I I J
T, = (T RY)y = iy + I R7%Z 1 = 1,2,....,L 47
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We may now compare the net change in z with +that

of r,. as they are directly related by <45,

I I J
dz, —dr, = c,{( T R¥{ = iy - 7)) - ¢, TR (7, — ¥4
i=1 i=1 =1
I I I J J
= cy {0 ERM Z 3} - (Z R*%, — Z RIT, + = R731> <485
1=1 i=1 i=1 i=1 i=1
reorganizing and using ©47::
I J
dz, = dr, = c,{f, - ( T R*» + = RI2T,% 48"
1=1 =1
which by <29> is g2qual to zero. Thus:
dz, = dr, D
This proves that the procedure has the property o+t
conservation of resources  on  the public goods and
#ternalities accounts as well.
Welfare gain
Before it can distribute the numeraire, the

Authority must first calculate the total welfare gain (W)

for a given round t.

The welfare gain for a single individual is:

du ® (o L
At = I midug + I iidz, + du} 1 = 1,2,....1 LS
B, b=2 1=1

Replacing n} and f o owith (op - 2y + ngoand (Fj - 335 o+ i3,

respectively, summing for all i and i and remembering the

special maening of ¥} when summed, we have:



I J ¢ J L I
dw = T E I (np - mRddxyg + EOE (E ¥} - ¥irdsz,
i=14j=1hk=2 i=11=1 i=1
J ot J L I
+ E I nmidwl + Z 0= Fiz, + I dy E1
i=1lk=2 i=ll=1 i=1
Taking into account <33 and “4¥.  any feasible outcome will
be defined by:
I J ¢ J oL I
dw = T I = (my — middu} + T ZE ( % mi = nmirdsz,
i=14=1k=2 i=ll=1 i=1
J ok J oL J
+ £ E nmidyl + T = Fidri + I dvyi S92
d=1k=2 i=il=1 =1

Noting that the total output of the numeraire is defined bv:

J J b J L
Zdy] = - X =z nidyi — £ I #idr? 5z
i=1 j=1ik=2 j=11=1
this reduces to:
I J & J oL I
dw = £ I I (np - mEpddey) 4+ EOE Z (¥ - ¥i)dz, 54
i=1=1k=2 i=11l=1 i=1

This equation defines the welfare gain +or +the
I
whole economy. When n} = n? and I =92, these terms

both reduce to zero. At such a point it is obvious that the
welfare gain should be zero, because a Fareto optimum has
been reached (MRS = RTS). This being the case, the current
indicators become the final program, and the Authority mav

actually distribute the goods.
Distribution of the numeraire

The Authority is now  ready to calculate the

changes in the allocation of +the numeraires., For esach



individual, this may be described as his share af the
welfare gain. net of the gains he has already received in
the redistribution of the other private goods and the
changing levels in the water auality parameters, Ha may as

a result receive more or less of the numeraire than before.

This may be characterized as follows:

K L
did = Rdw — I mpdu} —~ I 4idz,

2 1

o
“

However, the numeraire account must also be balanced. Sum-—

ming across i,

I I ¢ I L
Ldufy =dw - I I omidxy - I I ildz, 356
i=1 i=1k=2 i=11=1
Using <545,
I I J K
Zdud = I Z Clmd — wiydu} - mads
i=1 1=]1j=1k=2
I J LU
+ I E I {(F) - ¥Ddz, - Fidzyd
i=1 =11=1
J ook J oL
= = I IE nldu}p - 2 = iidz, 57
j=1k=2 i=il=1
By <4Z% and <49> this can be written:
I J K J L
Zdeiy =~ E I mjdyl - I I %idr} SHB
i=1 j=1k=7 j=11=1

But this is the same as LEHE Therefore,

di, = dy, LG

The Authority has indeed balanced the production

and consumption of the numeraire as well.



Malinvaud <1970-713% and L1972 goes on to estab-
lish the convergence af his model. Champsaur, Dreze and
Henrv <197&> also demonstrate the stability of similar

models involving public goods.

To summarize briefly, the Authority would be able
to direct production and consumption of all private goods,
using what Dréze and de la Vallée Foussin rall "minimal"
information from the producers and consumercs 1971, p. 139,

The same cannot be said for the cost of communication and of

the computations that this information would reguire,

The tatonnement process, it will be rememberad, 15
designed +o balance demand and supply at a single point  in
time. Changing tastes, new production processes, not to
mention a changing population, would require a new process
at frequent intervals. For this reason, ] more decentral -

ized process might be desireable.

It was pointed out at the beginning of this SeE -
tion, however, that a dvrnamic model defined in the goods
sSpace demonstrates fairly clearly the nature of the adiust-
ments that must occur, though only offering a zingle example

of how this might happen.



VoO— CONCLUSION

My basic objectives in this paper have bheen
threefold: to present a relatively standard Arrow-Debreu
type model dealing with environmental variables in static
equilibriums; to discuss some of the limitations of the
mode] 3 and, finally, to extend the model into the dynamic

context.

The overwhelming majdrity of models presented in
the literature that address pallution and environmental
quality are restricted to static equilibrium analysis, The
standard conclusion is that pollution causes a non—-optimal

allocation of resources (in the Fareto sense).

This conclusion is replicated in the simple madel
that I developed in chapter IT. The aquality of the
environment affects consumars’® satisfaction, but in &
traditional market 2Conomy, producers have no incentive to
reduce their effluents even where the social cost is greater

than the benefits of the production.

It iz often argued that this situation justifies
government intervention, usuwally in the form of tares, as
proposed by Figou. It is demonstrated that either such
action or guantitative controls could restore the 2Conomy ko

a Fareto optimum.

A number of important simplifications render this

conclusion guestionable. Several of these are discussed in



the context of current 2Conomic literature, namely
transaction costs, monopoly, and information problems. In
the model it is assumed that transaction costs are nil,
there is perfect competition, and the necessary information

is available and torthcoming.

In the first two cases, while the point is well
taken, these problems do not necessarily obviate anvy
intervention; but they do probably reduce the number of
situations where it would be appropriate. In the case of
transaction costs, no models have been developed to account
tformally for the problem. In the case of monopoly, however,
the conditions which would have to be met, if intervention
were going to increase rather tharn decrease welfare, have

been fairly well identified.

The information problem is complex. The model
Hses  a substantial amount of information about consumears”
and producers’ marginal substitution rates for various
goods. It is not at all certain that consumers have this
information, although efficient producers can at lesast be
assumed to want to know their own substitution rates for
goods  in relation to their production functionszs, Neither
group, on  the other hand, should be counted on tao reveal
these preferences honestly, it they krow they will be taued

on the basis of this information.

In the face of these problems, I have identified

four different approaches in the economic literature:

o
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firstly, forget about optimality and go to direct

regulations: secondly, adopt a system of standards and
charges, whereby information relating to consumer preftersnce
functions is no longer requireds thirdly, develop cheat-—
proof tax schemes (for consumers) ; and fouwrthly, attempt to
induce producers +to provide correct information through =
combined effluent tax/permit system. To some extent the
fourth group overlaps with the third, only producers are the
target group. A system combining the second and fourth
approaches might turn out to be the most practical in a real

world situation.

There is another aspect of the information problem
which is completely ignored in the static context: how the
economy 1is supposed to move from a4 non-optimal situation to
an optimum. The effluent tavxes that bring about the optimum
are after all dependent not on original outputs and prices,
but on those that have themselves also been adjusted to

optimal levels.

Walras hypothesired the market worked by a saort of
"tatonnement " process: this has been modelled tor economies
with public goods by Malinvaud and others. No one, to  my
knowledge, has published such a madel for an 2CONOmMyY speci—
fically designed to portray the environmental problem, as I
have done. It is interesting that, as the government is
expected to intervene +o restore optimal conditions, this

analysis highlights the Enormous role the government must



play as an information manager . While this realization need
not discourage intervention, it certainly suggests that such
plans be carefully thought out to demonstrate they will
actually result in an improvement in welfare. and not  in

costly blunders.
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