UNITED NATIONS EbucAnonar, SCIENTIFIC AND CULTURAL ORGAN'ZATION
e,

INTERNATIONAL ATOMIC ENERGY AGENCY ﬁy
@ INTERNATIONAL CENTRE FOR THEORETICAL  PHYSICS

M Koo, SR iy Ty oo
L T

LCT.P., P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

SMR.840 - 45

THIRD AUTUMN WORKSHOP
ON MATHEMATICAL ECOLOGY

(14 October - 1 November 1996)

“Economic Theory and Exhaustible Resources”

Partha Dasgupta
Faculty of Economics and Politics
University of Cambridge
Cambridge CB3 9DD
United Kingdom

These are Preliminary lecture notes, intended only for distribution to participants.

o TR Ay e, Ty o Nty o Gy bl SEOVIV G AN 0 TE ot T Py amcere Ters e oes e
Eaeom o Ny gy 1. B



Fane oyt an) G freat

54 LECONOMIC THEORY AND EXITAUSTIBLE RESOURCES

Strictly from a formal point of view our cxample suggests that,
8o long as all costs in running an institution are nil, a tax equilibrium
and & competitive equilibrium with markets for externalities are
equivalent.® And yet one should not accept this suggestion without
investigating whether the result is robust. Again, from a formnal
point of view we noted that, since individuals transact in named
goods in markets for externalities, the number of commodities
purchased and sold by an individual is considerably larger al a
Lindahl cquilibrium than the number of conumodities purchased
and sold at & tax cquilibrivin. To be precise, in our example indi-
vidual ¢ participated in 2(¥ — 1) externality markets {g,, (h 1) and
grith £ 1)} each of which was wssumined inoperative at the tax equilib-
rium. At the tax equilibrium each individual assumed the quantities
of the public good purchased Ly the others as given. They were not
quantities over which Le had any control. Our general discussion of
the existence of o competitive cquilibrinm i Chapter 2 should now
draw our attention to the (ollowing point:s nanely that, if the
existence of an cquilibrium is to be wssured, cach individual s utility
function will have to be quasi-concave in the space ol those com-
moditics whose yuantities the individual can conteol. Inour example,
of course, the utility function of the representutive individual was
strictly quasi-concave {in fact strictly concave) whether or not
named goods were introduced. But intuition sugpests thal it may
be sitnple to construct examples where the convexity asswnptions
fail to be satisfied if naned goods are introduced but where they are
satisfied if named goods arc not introduced. In such cases 1t is
possible that, while w tax equilibrivn exists, a Lindahi equilibrium
does not.®

In fuct it emerges that sucl possibilitics can arise rather generally
when externalitios are of a detrimental kind, like noise or poliution.
They arise in an interesting form in the case of free access Lo a
common property known widely ws the problem of the common.
We touchoed on this when discussing the problem in establishing
property rights for neighbouring oil men. The implication ou the
rate of depletion of a common ovil pool we defer to a later chupter
when we have introduced time into our analysis. In the following
section we analyse the problem of the common in some detail in

* For general propositiona slong these lines seo Foley (1970) and Starrett
(1972). Wo cruphasize the fact that such an equivalones doponds cruciully on
institutional costy boing at least comparable (1n our exainplo, strictly zero).

¥ For a goneral discussion of this peint seo Starrett and Zoeckhuausor (1871).
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those situations where the intertemporal aspects of the problem
can be ignored, without our losing sight of the essential structure of
the problem.
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4. Common Property Resource, or the Problem of the
*‘Comumon’

{i) The problew: lmagine o body of waler, such as o lake or the
open scas. It will be supposed that the body of water derives its
value from the marine life it sustains. While the open scas may
appear al first siglht to be foo bge in surliaee area for the common'’s
problem to be refevant, the recent Ieclandic fishing dispute should
remind us that there are various kinds of agquatic life, like cod and
laddocl, that are relatively non-migratory in character and are
thus localized in different parts of the scas. We are concerned here
with o specilie species of wquatic life, localized in a speeific part of
the open sea. 1n other words, we arc concentrating our attention
ou a specifie lishing ground. It will be supposed, as is actually the
case, that nobody owns the fishing ground in the open sea. Con-
sequently everyone has an cquad right to fish. There is thus free
acuess o the fishing ground, Qur interest in focusing attention on
aquabic lile in discussing the problem of the common lies in the fact
that while such specics are self-renewable i€ the size of their popula-
tion is large enough, the chance of & given specics surviving is
severely reduced if the population size gets below a certain threshold
level. This threshold level varies greatly from species to speeies and
depends as well on the environment in which the species exists.
What is known as the "biotic potential” of many kinds of fish is so
large that the threshold level associated with it may be *very small’.
On the other hand, for land animals the threshold level is often
large’. The analysis that follows pertains not only to fishing from a
comuon fishing ground but as well to hunting or trapping for
animals {from o common ground. The main point is that given a
positave threshold fovel, the rate of total cateh is crucially important
in judging whether a particular species is eudangered.

Suppose there to be N [shing firms =1, . . ., N) assumed
identical. We shall regard fishing as o production activity in which
the catch is the output and labour and fishing equipment are the
variable inputs. To simplify, we shall aggregate these variable inputs
into one and regard this single iuput as ‘vessels', assumed perfectly
divisible. If 8 is the size of the fshing ground and if there are X
vesscls on the fishing ground, the total catch, Y, is assuined to
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satisly the constraint ¥ < #7(X, S) where £1 s a production function
with constant returns to scale in the two factors (X and 8) with
positive but diminishing returns to each factor. Suppose also that
{0, .5)=0. Now, the fishing ground is fixed in sizo. Denote the size
by 8. Because of constant returns to scale we note that HX, 8)=
SH(X/S, 1). Sinee 8 is constant for onr problem we may as well
normalize and set S =1 Now wijie HIN 1) FIX). By assimption
Fi)=0, F(Xy>u0, FN <, andd Firthermore, KXY s bounded
above (presumably by the size of the ot stock of fish). Notice
that these tssuinplons iy Lhad,

FIX X
(X\) > F(X) and that  lim *@l =0

(see Diagram 3.1 below).

The assumption of diminishing returns (i.e. F(X)<0) is crucial
to the excrcise and it reflocts the fact this is & fixed arca of the sea
which the particular speeies under consideration inhabits, There
is i eflect a crowding of yvessels, Given that X is the number of
vessels on the sea, F{X)X s the iwverage cateh per vessel when
the vessels wic efliciently manncd. 1F the it firm owns x; of these
vessels it will be supposed, for simplicity, that its catch is o FX) X,

N

But XY=}, | o It follows that, since thoe wverage product F(X)/X
5 a diminishing function of N the vadely aceruing to ¢ is dependent

F(X)

F(X)
F'(X) Tx

Diagram 3.1
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not only on ¢'s input x;, but as well on the nuraber of vessels intro-
duced by the other firms. Given the diminishing returns it is also
the case that the externality that others impose on one is of a
detrimental nature; that is, unlike the earlier example, we are in
the realm of externad discconomics. Write

‘\',\‘—L = ;
e
and denote by g Lhe it firm's cutel ol fish. We have therelore
supposed that
o < BN+ 1)

i =

4.25 -
’ Ly + 2

Assume that the markets for both boats and the catch are perfectly
competitive. Choosing the catel as our humeraire good, let p be the
rental value of a vessel. Firms are profit maximizing and our first,
task is to compute the market equilibria. Given that firms arc
identical the womputation is simple cenough, As in our carlier
example let fitin ¢ suppose that each of the other firms will introduce
£ vessels. It follows that ¢ wants to choose x; with a view to maxi.
mizing

LN — 1)E + x)
(¥ — I+,

3.20 ;.

Tt follows innediately that it will cliopse x; (provided x,>0) at,
the solution of this eopuation

3.97 (N LEF{(N — 1) + £}

SFUN — 1)E + )
W-nivzr — * i

N -1E+s P

At this market oquilibrium witl free aceess to the fishing ground,
condition 3.27 will hold for all t, and by symmetry z; =2 for all 1.

Thus the equilibrium number of bouts, 2, per firm is the solution of
the equation

3.28

N ) 1 [F(¥Na)
Nz N

—"A? - F’(N.’L)} = P,




b5t ECONOMIC THBEORY AND EXNITAUSTIBLE RESOURCES

In other words at this market equilibrium the total number of
vessels, X, on the sea is the solution to the equation

3.29

X N

F(X) | [F(X

Equation $.28 {or, cquivaleatly, cquation 3.29} is the fundamental
result of the problem of the common, and the question arises
whethcer o positive value of X satislies 3.29. It is simple to see that
the answer is ‘yes’ if we were Lo assume in addition the innocuous
condition #(0} > p (for if not, then it would not be worth anyone's
while undertaking to catch the species). The question arises whether
the aliocation at the market cquilibrium as implied by 3.28 is
Parcto cllicient for these AN firms. Again, the answer, as in the
previous example, is ‘'no’. To obtain the symmetric Parcto-efticient
allocation for these N firms, one needs Lo choose x so as to maximize
the total net profit

3.30 F{Nz) — pNz,

and then dividing this profit equally between them., In other words,
the N firms Ly their joint collusive action ‘internalize’ the extoern-
alities that have resulted as & conscquence of the fact that the
fishing ground is an unpaid fuctor in production. Maximizing 3.30
readily yiclds the condition that x oughit to be the solution of the
equation

3.31 F'{Nx) = p,

or equivalently,

3.32 FIX) = p.

Equation 3.32 is, of course, widely familiar and reilects the ctliciency
condition that the marginul product of vesscls ought to equal “heir
rental price. Denote by & the solution to 331, and by X the solution
to 3.32. That is, £ =i Oune can confirn as well that the allovtion
implied by & is in the core for these N firms, for no coalition of firms
can guurantee a profit fevel as high as that implied at the Pareto
eflicient ontcome with symmetric division of the total profit. 1f it
attempts to block the allocation, the complementary coulition of
firms can introduce a ‘large’ number of vessels (since there is no
legal limit on the number of vessels a livm can introduce) wud thereby
push the average product of vessels to a level equal to p.
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Denote by X the solution of equation 3.29, and let X =NZ.
Using equation 3.29 one has that

3.33 p— F(X) = (N—N_—” {—(AA-) - F'(X)} > 0.

Using 3.32 and 3.33 it follows that
Y <X

It follows that at the free aceess tmarket cquilibrium there are too
many vessels and, therefore, too large a catch; in the sense that
cach firm’s profit could be raised il the firms were to undertalic a joint
decision to reduce their fishing activity and procure u smaller catch.
Notice as well that at the market equilibrium cach firm malkes a
positive profit. To see this one notes from equation 3.29 that

{or Z < £).

2y
X

3.34
and indeed that wt the equilibrium each finn’s net profit, =, is

N P
3.35 7= (P = XFE) > 0.

and thus that the average produet strictly exceeds the rental price
of a vessel (sce Dingram 3.2),

1t will be noticed that, contrary to what is often claimed, the
problem of “the common’ and the resulting sub-optimality of the
market cquilibrium are net formally identical to an N—person version
of the prisoucr’s dilemma game. The key feature of the prisoner's
dilemmiv game, or so we noted, is not onty that its unique Nash
equilibrium is Pareto inedlicient, but ulso that the Nash equilibrium
is characterized by dondinant strategios on the part of cach agent. It
Is a stmple mabter Lo confivm in the foregoing formulation that firms
do not possess dominant strategios in the common’s problem.
Indecd, & s the prolit maximizing number of vessels for the re-
presentabive lirne only when the remaining firms introduce (N — 1)
vessels. It is only for pedagogic reasons that in section 2 of the pre-
vious chapter we illastrated the prisoner’s dilennma game by means
of an artificially restricted problem of the common. Nevertheless,
the above formulation implics that it is in the interest of ecach firm
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Diagram 3.2
{unlinited numbor of tirmns)

to come to an agreement to restrict its input to level &3 indeed this
allocation is in the cure while the warket cquilibrium alloeition is
not. But it is not in the firms’ interests to do so in the absence of 4
collective agreement. While for this simple symmetric model it nay
seem that an agreenmient to indroduce only & vessels can casily be
reached, whether or not it will be complied with wili depend on
whether or not the agreement ean be enforeed vasily. Enforcement
may he costly to administer. Plainly its costliness will vary from
conbext o rondext,

The faet that the nuwket cquilibrinn allocation is not in the core
and in particular that there is excessive {ishing at the equilibrium
may appear u bit paradoxical sivee we have not introduced Ly
wonopolistic elements in the macket Tor boats and cateh, But it is
not difticult to see why the result comes out the way it does. The
introduction of an cxtra bouwt by o firm alters its cateh, of course,
but it also indlicts a diseconomy on the other firms in the sense that
their cateh s reduced. Gruded that i & s large this external
disceconomy on cach of these other lirms will be negligible, But the
sum of these negligible quantities newd by no mwans be negligible.
We demonstrate this by deciving the special result that follows
when ¥ is urbitrarily large.

Given that p is a constant we may regard the total number of
vessels X given by the market cgailibrinm condition 3.2 as siinply
u function of A, The question arises about the functional form of X.
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Notice first that if ¥ =1 then from equations 3.29 and 3.32 we have
£=F and consequently there is no problem of the common, The
problem that we have been discussing arises, s our arguments have
shown, only when N> 1. Thus write the LHS of equation 3.29 as
G{X, N). That is

5 F(X 1 (#(X n
GLE, N) = -i\_) - v {1—(‘;3 - 1«"(‘\')} - p

To keep the wrpument, simple regacd N (2 1) as a continuous variable.
From equation 3.29 it is immediate that

oG
of N
N~
X
Routine calculation now yields that
ox o
v 7

In other words, X is monotonically increasing in N(¥ 2 1), But it
must. be_ bounded above, since, if not, then given that by our
assumptions regarding ¥ onc hag

lim G(X, ¥) = g,
A oo
Naw

c_qugt.ion 3.29 would be viotated. [t {ollows that X tends to u finite
.hmlt, as V>0, and thus that at the narket cquilibrium each firm
introduces an ‘infinitesimal’ number of vessels. But at this limit
equation 3.29 reduces to ,

PLX)
3.36 k.

X

or, in other words, that in the large numbers case the average product
of vessels is equated Lo thejr rentad price at the free neeess cquilibrium

{sce J.)in,gr.'u].l 3.3) 1 Tollows that in the cise of large munbers the
profits are diluted to zero at the free access equilibrium.
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p 1 I
I I F(x}
[ ! X
l |
i | F(x)
o X X X

{unlimited number of firms)

Diagram 3.3

The conscquences of such over-exploitation of aquatic iife at the
free access cquilibrium can be serious, and possibly disastrous. For
suppose that the total population size of such a species is Z, and
suppose Zill< 7 < Z)is the threshold population size such that below
this size the entire species is seriously threatened with extinction.
It is entircly possible that

3.37 FINT) < Z - 7 < F(ND

Granted that the arguments leading to 3.37 have relied on firms
being singularly myopic in concerning themselves solely with one
period's profit. One might wish to argue that firms will not over-
exploit if the species is threatened with extinetion, since this would
cut intoe future profits. Quite apart from the question of whether
firms are as far-sighted as some would like to believe, the intro-
duction ol thne will not necessarnty alter the essentials of the argu-
ment. Restricting its catel in order to hushand the resource will not
really help aficen’s future profits woach i the competing firms decide
to ke akialling at one go wnd virtwadly wipe out the species, Thas if
each firm were to fear that the total catel of all the competing Grms
will brinyg the population size below the threshold Z it may find it
most profituble to join in the rampage and get as much in the first
period as possible, and tius despite the firm having taken future
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possibilities into account.® In other words such fear could be seli-
fulfilling, leading to a market equilibrium in which the species is
over-exploited in the first period.

In our example we have not imputed any value to tho species
other than the value that the catch fetches in the markes. To put it
loosely we have imputed only an cconomic value to the species. An
environwentalist’s reaction to our example could be that this merely
proves the profit inotive of firms to be incompatible with the environ-
mentalist’s poals. But inequality 337 indicates that il is not quite
as simple as that. b is i e interest of each firm Lo agres Lo restrict
output if that is the only way Lo get the other firms to do likewise.
Profits would be higher by this means. If 3.37 holds, maximization
of total profits leads to a cateh that is not inconsistent with the
environmentalist’s goals, In our example if condition 3.37 holds, the
guilty party is not the profit motive per se. Rather, it 'is the
economic and legal environment in which the profit motive is
allowed free play.

So far we lhave interpreted the inefficiency of the market equilib-
rium with free uccess as being due to the externalities that each firm
inflicts on the others in their production activities. An cquivalent
way of interpreting this incffieieney is to recognize that the open sea
is an asset that is not owned by anyone in particular. Consequently
no rental is charged to the different firms for the right to fish, Under
common property the sew is a free good for the individual firm.
Indeed it is for this reason that we have been referring to the
resulting market cquilibrinm as a free access equilibrium.

(1) Competitive markets for named vessels: Now our carlier dis-
cussion of the problems of establishing competitive markets for
externalibics would suggest that so long as the fishing ground is to
remain common property it is doubtful that competitive markets
for ‘named’ vessels would develop. Specifically, points 1 and 2 (see
pp. 48-50) would seemn very relevant for such doubts. But there is
in fact an additionat reason why one would not wish to rely on the
appearance of competitive markets for named vessels. For so long
as the fishing ground remains a common property recall that the 7th
firm's production possibilitics are represented in 3.25. Recall also
that an obvious route in suech a situation would be to have competi-
tive markets for ‘named’ vessels, Thus write

' In fact total oxhaustion of a putentally renewable resource can rather

sasily arise oven if firms aro assumed not to fear that their compolitors will

be involved in wholesale rumpuge. In Chapter 5 we shull explore such pos-
sibilitios,
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L=y fore, =1, N,

Conscquuub]y 125 can be expressed as

N
.\_: ‘rl'j
=1

e . : ‘ . :

The idea then is that firm @ can cuter into a transaction with firm J
supplying ¢ with zy; whicluis wninput, in i production y,. There are
in ctf?-ct. 4\: ‘mpu@ _{‘”i;" J=1, .., .N)in the ith firm’s production
function. The critical fquestion: now is whether the production

Diagram 3.4

possibilitics open to s sabisly the convexity conditions thut we
assumed in the deseription ol ghe private ownership ceonomy. 1 is
casy to verity that the answer is ‘no’. [For consider sowe A( i) und
hold all i fixed with j#4. Then one confirms readily enough that
¥; a5 a function solely of Ty is o deelining one (see Dineram 3.4
below). With our assumptions regarding ¥ the cury :
the horizontal axis but approaches it gradually. lu any event the
underlying region is nen-convex an one suspeets that a Lindahl
cquilibrivim may not exist. ‘That this may indeed hs
b_e argued. Reeall that, at o Lindah] cquilibrium that we are en-
visaging here, there wiill be o price py, that § must Py’ A for b
supplying cach unit of the named commodity x;,. Can py, be negative

¢ does not cut

VpPCn can casiiy
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(the case where & actually pays ¢ for the right to introduce a unit of
z,)? Not so. Ior if it were, then @ could set x;;=0, close down pro-
duction and demand an unlimited quantity of z,,. This would yield
an unlimited profit to z even though ¢ is not actually undertaking
any fishing activity. But at a positive price that A is required to
pay s, firm & will hardly be willing to supply an unlimited quantity
of z;),. Demand and supply of ;, will not match when py, <0 and
S0 Py, caunot be negative at equilibrium. Can p;, equal zero at
cquilibrium? Again the answer will generally be ‘no’, for if Py =0
then ¢ wili not demund any positive amount of z;, (since Ty ds
detrimental o i's production). But with no payments required,
firm & will gencrally wish to introduce a positive quantity of x,
(=) at its profit maximizing production plan. Aguin, the supply
and demand for the named good x;, will gencrally not mateh. The
argument is strengthened further i we were to assume that Pin > 0.
The source of the problem lies in that so long us a resouree is common
property the production possibility set of the representative firm is
non-conveX i the space of named commodities.

{iii) Optomum  regulations: Now cven though a competitive
equilibrium with markets for ‘named’ vessels is a most unlikely
outconie, there are a number of other avenues that we might wish
to cxplore towards achicving an efficient allocation. Analytically,
the most dircet avenue would be to parcel the fishing ground into
N 'plots’ of equal size and allow cach firm to have proprictary rights
over one and only one such plot. By this means the fishing ground
ceases to be common property and, as we shall sce, 80 does the non-
convexity vanish. We have alveady noted that for cortain resources,
such as oil underground, this is techuically siinply not possible. Qur
present cuse of fishing fromn a body of water raises similar problemms,
because while by this scheme firm © will not be allowed to fish on
firm j's plot (that is, not without puying a competitive rent to j) it
will presumably be abic to utilize techniques to entice the fish under
J's plot to drift into its own. Kven so, for the sake of argument let
us suppose Lhat private property vights to the Plots can costlessly he
established wind cuforeed in the catchment area. Recall that we
began this scetion by supposing that efficient cateh, Y, is a function
of the total number of vessels, X, and the size of the eatechment area,
§, and that there are constant returns to seale. Thus Y=U(X, 8).
But the total catelanent aren is fixed in size at 8. Now if the fishing
ground s parcelled out and if it is costless to protect one's property
rights, liem ¢ faces production possibilities given by Y < H(z,, S/N).
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But given that {1 is a function with constant returns to scale one

has
5 S Nr, S Nz,
i =)= = H{— = - F 1,
(x1 N) N ( 5 1) N ( S )

As before, we may as woll normalize and set S =1. 1t follows that i
is concerned with choosing ¢, with a view to maximizing its own
net profit, /N BN )—pa,. Consequently x; will be chosen at that
level Tor wlich

3.38 FNz)=p, i=1,...,N

But conditions 338 and 331 are identical. In other words, the
allocation nnplicd by 3.38 is Parcto cllicient. Thus if symumetric
property vighls are established 1o what was originaliy @ conion
propetty fishing ground cach firm will introduce precisely & vessols,
and cach firm will eapture a profit cqual to F(V.8)/N —pi whicl, in
turn, will emerge as the competitive reut per plot on the fishing
ground. In other words, by assigning property vighls on what was
originally a common property resource (i.c. the fishing ground) the
problem lakes on a conventional {orin.

But given that for many cuses it is siply too costly (il not
impossible) to devise and euforee private property rights on certain
resources, the foregoing avenue is not really u universal way out of
the problem. (Lmagine the difficaltios in enforeing cieh citizen's
right to a clean air-spuce dircctly over his private propeety) Cone-
sequently one is encouraged to look clsewlere.

In the case of the open seas, where the body of water (and con-
sequently, the aquatic lile under i1}, is not owned by anyoue, the
firms (countrios}) may agree jointly to wnpose on themsvives a
quantity control (that is, & quota system), limit themselves to &
vessels per firm (and hence F(NVE)/N units of catch per finn), and
introduce a poelicing system Lo ensure that no individuad firm cheats.
This is often termed the pure quota scheme. If, on the other hand, the
body of water is a lake located within a well.defined national
boundary, there arc at least two other schemes that the goverment
might wish to cousider in cnsuring an eflicieny outcome, The idea,
in cach case, is for the governmmnent 1o tuke charge of the conunon
property resource and to introduce reguintions aimed at the attain-
ment of allocative efficiency.
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The first, which is often called the pure licensing scheme, consists
in the government issuing a fixed number, X, of licences for the
total number of vessels that are allowed to be introduced into the
catchment arca. A market for these licences is then allowed to b_e
developed wmong the firms. If, as we have been suppqsing, N is
large, it is plansible that the market for these licences is more or
less competitive. Let us suppose that this is so. Denote by‘ P the
competitive price of a licence when X is the total number of licences
issued. 16 follows that cach finn now fauces a rental price p-+p per
vessel, Whato is done with the government revenue gencrated by
the issuc of these Heonees is o distribational question that we do not
go into at this stage. For our actual example, we might, to fix our
ideas, wish to consider the firms jointly issuing the total number of
licences, X, allowing a competitive market to develop for them; and
then dividing the resulting revenue cqually smong themselves. We
now construct the market cquitibeium. If the #th firm were to
assume that each of the other firms will introduce T vessels, its
profit. wiil be defined by

2 NN — Dz + )
N - 1z + 4,

- (p + Pz

Consequently &, would be chosen so us to satisly the condition

W= DR = i 4w} YUY — 12 4

3.39 (N = r + = F (N = )i + 7,

If condition 3.39 is to lead to an equilibrium one must have z;=7%,
given that firms arc idendical. It follows that 3.39 reduces to

(& - HxF(Ny) F'(NF)

3.40 Ny 5

=p 4+ P,

where Ni=X, the number of licences issued. But presumably the
government issues procisely X (= NZ) licences, since it is concerned
with sustaining the Parcto-citicient allocation. Heeall equation 3.31.
It tollows that 3.40 reduces to

(N — DYEF(NE)  F(N#)
(V) MY

= I"(NE) + p
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and consequently
) . WY - )[Ry

J.41 P = T {T\?j— -~ F (i\r.n‘:)} >0

where p denotes the equilibrium price of a licence when X licences
are issued in all. 1t follows that if & is the total numnber of licences
issued by the government (regulatory agency) the equilibrium
price, 73, of a licence will be siven by 341 and fieed with this price
cach firm will find it most prolitable o indrodues provisely & vessels
il it is supposed that the other firms will purchase (V= 1)# licenoes
i all. In other words, the rovernment’s problens consists solely in
the choice of the total number of lievnees it issues.

An alternative tegulatory devies, often called the pure tex scheme,
is in some sensc & mirror inage of the pure licensing scheme. Tt is in
fact the Pigouvian tax notion discussed in scotion 3 in the context
of external cconomies. The idea Lero s that the government (regu-
latory ageney) imposes u tax por vessul (that is, o licensing fee per
vessel) introduced by each firm. As in the cuse of the pure licensing
scheme we do 1ot concern ourselves b bhis stage with what is done
with the tux revenue. As before, we niight like to suppose that Lhe
fivis impose o specilic tax on themsclves il edivide the resulting
revenue equally among themselves, 11 this ix soand 1t we e show
Bliat there exists o tax cquilibrium that is cllicient i the sense that
eacl firm finds ionost profitable to limit itscll to ; hoats, wlhien jt
assiunes that cacl of the obher s will it tbseelf Lo ¢ broils, then
the pure tax seheme and the pure licensing selume cavisiged varlicr
woutld be identical,

Denote by ¢ the speaitic tax inposed on el vessel, 11 Lhe )
firm were to assome thid ench ol the other firms will ingrogd e x
vessels, its profit will be delined Ly

LN — 1)E + x,)
i —(p + ),
v =1+, PTG
Consequently z; would be chosen so a8 to satisfy the condition

(N - LrF{(N — 1z + z;}
{{¥y - Lz + x 2

(N = 1)7 + 1
(N = 1)z + z;

=p + L

SR e

TR
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H this is to Jead to an equilibrivm one must have z,=X given that
firms are identical. Tt follows that

(¥ ~ 1@F(NE) (V)

3.42 NP + ¥

=p + ¢

But we want to choose ¢ S0 a5 to ensure that z,=3 is a possible
equilibrium valuc. In other words, if cach firm supposes that each
of the others will introduce & boats then & would be jts profit maxi-
mizing input Jevel Towards biis seb ot I where

) N ) (RN .
4 e A 1Y
543 ‘ N N FAD

Using 3.43 in the 12413 of 342 il sebting k=4 one obtains the
condition
FUNE = p
which is precisely what is desired. Comparing cquations 3.41 and
3.43 one notes Lhat F={and, therefore that ab the optimum for our
problem the competitive price of the licenees is equal to the Pigou.
vian tax per vessel that the soverment selects, This might suggest
that the pure licensing sehenie and e Pure tax scheme are identica).
For our present, problem the results obtained by the two schemes
are the same. N(!Vl!l‘“l(:l(!.‘ih‘, the selicimes are different in spirit. We
have noted that in Lhe pure licensing seheme ghe governiment
dictates the nuniber of licenees pormitted (that is, the total number
of vessels allowed) and the price syston developed for this fixed
number of licences allocutes Lhese liceners mony the ¥ firms, In
the pure tix scheme fhe rovernnent does not dictate directly the
total humber of vessels allowed o the lishing ground. 1-rolit maxi-
mizing firms decide on how nany vessels bo introduce as a response
to the licence foo introduced by the government on each vessel,
While for our present problem the pure Guota schene, the pure
licensing sclieme and the pure tax scheme emerged ag being identical
inimpact at, the optimun, we shall note iy Chapter 13 that this is not
always so.
Notice that at the tax equilibrium the total tax revenue, R, is

3.44 R = Nail = @-N;i) {F(NZ) — NzF'(Nz))
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N -1
N

{F(X) - XF(X)).

For large ¥ one has from equation 3.44 that
3.45 R~ &= F(N$) — NaF'(Nz) = F(R) — RF/(8),

where £ is defined in cquation 3.45 as the rent that ought to be
imputed to the fishing ground. 'l‘!mt is, f is the arca of the rectangle
ABCp in Dingram 3.2, Lodeed £ would have emerged as the come-
petitive rent of the fishing pround had it not been a common
property. Since £ < £l when N is finite, it is the case that firms
would make a positive profit at the tax cquilibrium even if the
entire tax revenue were expropriated by the government and not
returned to the firms on a lump sum basis. The question arises
whether firms are better or worse off at the free access equilibrium
than they are at the tax cquilibrium if the entire tax revenue is
expropriated from them by the government. Rather surprisingly,
perhaps, it is casy to show that they are unambiguously betier off
at the free access equilibrium. To sce this, note that at the tax
equilibrivin if the entire tax revenue is expropriated, the total net
profit (expressed as ¥Nw) made by tho N tirms as a whole is

N#=FX&)- & - pX.

Using equations 3.43 and 3.44 in this expression for N7 one has
-~ l W\ nll
N#= E—{F(X) - XF Xy
and thus that profit per tirm is
- 1 g I
3.46 = IT,Z{F(A) — X8y

Comparing equations 3.35 and 3.46 and noting that £<# one sces
readily enough that #> 7.

One can see the nature of the corrective speecific tax 3.4% more
heuristically as follows. Recoll that the catch obtained by the ith
firm is represented by 3.25. Now the marginal loss in catch imposed
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on ¢ by the addition of an extra boat by some other firm is oy,/
0X y_;, which routine calculation shows to be

O w . FX)
axﬁ._i"X{F(‘”_ X |

The corrcctive tax that nceds to be imposed on a given firm is
plainly the sum of all the marginal losses in catch that are sustained
by all the other firms when this firm adds an extra boat to its active

3.47

flect.” Thos tf the 2l G adds o exten ot bhe total mvarginal
loss, M ;, Lo oll tirms is obtained Irom 3.47 as
X . F(X)
3.48 M, = =82 (X) —
L X { (X) ¥

Since M ; <t} it is indeed o loss that is being inflicted. When X = Nz
a glance b 3.43 and 3.45 shows that {=|M |, where [} | is the
absolute value of the loss.

Now the marginal benefit, A g, to the ¢th firm when it introduces
an extra bout is plainly (dy,/0x; —p), which from 3.25 yields

Mg

Diagrain 3.5

" Compare this with our oxample of external economies.
that the corractive subsidy thut was needed to bo unposed of
8 unit of the public gnod by an individual was the sum of the
enjoyed by ull the othor individuals s a conseyuenay.

Thero we noted
n the purchase of
marginal bonofita
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FX) + ') s 8(X)

3.44 My = 5 3z

Examining the diflerence between &y, and (A1) from 348 and 3.49
yields

3.50 My~ M= #(X) - p

Given the assumptions that hive Leen made about # there is a
unique value (N£) of X at which expression 3.50 is zero (sce Diagrams

Nz =X Nx =X X (=Nx)

Diagram 3.6

3.5 and 3.6). The tux system is designed to locate this value
of X.

The link between designing a tax system that will force profit
maximizing firms to operate al what is collectively the desired level
of operation (i.c. N3}, and vonducting a social cost-Dbenefit analysis
to locate this desired level and therehy to impose o pure licensing
system, can also be brought out by this example, Social cost—
benefit analysis will <ignal the need for expatding the level of
fishing uctivity, X, whenever M p> [ ] or equivalently, whenever
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the fofal net benefit curve B~ L is increasing.® To be precise, if
Mpy>|M,|ata given level of activity then a marginal project AX
(when AX>0) will show positive net social benefits, since
(Mp—|MDAX >0. It will be worth undertaking., One would wish
¥ go on aceepling such marginal projects until M, =|3 |, Like-
wise, if at o level of ackivity one finds M, < |4 ;| then a marginal
Project AX will be judged desirable only when AX <0, since only
for such a ‘project’ will net social benefit (A ;)M )AX be positive,
In this casc as well one wouald wish Lo continue to choose such
‘projects” until My=10,|

5. Some Examples of Common Property Resources

We have anslysed the problem of the common in the context of
individuals hunting for aquatic fife from a body of water that is not
owned by anyone in socicty or, to put it equivalently, when the
fishing ground is o common property resource. Several other
examples would scem to fit the general texture of the arguments
that we have developed from this specific context. We have already
mentioned that a similur problem oeeurs wheon oil men drill for oil
from a common underground reservoir and when the rule of capture
prevails. The case of hunting or trapping for animals in a common
ground is another example. On most oceasions the pollution of the
atmosphere is also such an instance. The ubmosphere’s capacity to
absorb pollution is, while large, clearly finite. Bus if individuals are
not charged for disposing of pollutants into the atrmosphere they
enjoy the benefit of a free service, numely the service that the
atmosplicre performs in absorbing pollutants. Our formal analysis
bas suggested that this benofit can i fact be largely a mixed blessing
in that there is a tendency for the market equilibrivm to sustain
too much pollution in a sense that cup be made precise. In those
situations where the individuals can be regarded as roughly iden.
tically placed (suel as o community of motorists emitting noxious

! Wo aro colling this social cost-bonotit snnlyss even though bonefits and
cosis are being monsured in tors of tho profits of the differont firms. Thore js
10 consumoer surplus to bo teken into sceount in the exercise sinco the market
for the catch has beon assuined perfoetly competitive, The torm social cost—
benofit snalysis could, howover, bo mislending for this oxoreise 1L one wants
to imputo w viduo Lo the wquikie Lifo self on environmental grounds. Woe aro
here restricting aticntion 1o the ceuninic valus of such animals or rather to
the vaiue of tho eatch. b ctfoot thin wo aro tiscussing tho optimum soeial
management of & common Property resource when tho resourco jg socialiy
valued sololy in torim ot tho viduo ol the eateh.
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fumes from their cars and ot the same time preferring clean air to
polluted air), our formal analysis of the common’s problem will
carry over directly. The problem of the common arises as well in
the case of individuals drawing water from a common underground
reservoir. Under what is known as the ‘riparian’ doctrine (whicl is
similar to the rule of cupture in Lhe case of oil vxtraction), cach
owner of a parcel of Land is allowed Lo extract as mucl water as he
desires without regand to its elfect on the owners of neighbouring
parcels. Thus the doctrine provides no protection to a well-owner
from the lowering of the water table caused by his ncighbour's
action. If in addition, an exeessive drawing of water causes salt
water intrusion, the ground water basin may well he destroyed. In
this cvent we are confronted with a problem exactly akin to the
problem of common property fishing. The grazing of cattle or sheep
in o common land hus similar features as well, and the free access
equilibrium would imply an over-grazing of such property. To the
extent that such over-grazing deteriorates the yuality of the land
(as has happened, for example, in some ol the arid grasslands o the
Middle East) the curtailment of the totad size of the herds grazed
is not merely in the cconomic interests of the grazer but adso in the
interest of the environmentalist. The problem is analogous to those
that our example has already brought out. But our formal analysis,
while suggestive, has nevertheless been dimited in scope. We have
analysed the problem in an entively static context. This limitation
prevents one from deseribing sharply the Gt Lhat common property
resourees are olten croded graduadly vver time, bneertadn cases the
fotid crosion ean happes in o nmatter ol few decades as in the cse
ol the American bison i its naturad hidhatad, bt others take o longer
time. The Negev Desert wis nob ereated overnight. 1t s ouly wheit
we introduer time expticitly into the apalysis that we shall be ahle
to analyvse the general guestion of Tisbanding potentialiy renew-
able resowree. We shadl go into this in Chapter 5,

The fact that common property resources tend to be exploited ab
an excessive rate has been recognized for nlong time. It would
appear that historically propuerty rights for the common property
resotree were often diliicult to establish lor w varieky of reasons.
Here we have emphasized the purely teclinical difficaltics that can
often arise, as in the case ol oil or water i an umderground reservoir,
or in the case of a hunting resourcee that migrates over large avews
of land, or indeed as in the case of the atmoesphere whick is i a
constant state of diffusion and movement. But technical difliculty
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is of course only one possiblo reason. Custom can play its part.
Oft..en the notion of private property rights may be alien to the
society in question, particularly so when the resource is vital to its
members. Thas, for example, in the medieval manorial economy in
England the domestic animals were privately owned bot the land
the animals grazed wius a common property resource. On cccasion
the problem can be o direet political one s, to take an example,
'\\']u-n diflerent nadions arve involved i exploiting a resource from
international walers,

Generally speaking, when the problem of over-exploitation of a
common property resource lias been recognized and when the
resource las continued to remain a common property, attempts
Iha.vc lJL‘,'L‘-Il male Lo regulate its exploitation via quandify controls.
Thus, for example, in the United States after years of oxcussive
drilling in the states of Oklahoma, Texas, Culifornia and New
Mexico, the Conully “Hot Qi Act of 1935 was a culmination of two
decades of attempts at regulating production of oil via controls on
the number of wells deilled, theie spabial distances, and even on the
quantbitics extracted.® Ollen, when agricultural land is communally
exploited, claburate quantity coutrols arce devised to prevent over-
utilization. Thus, for example, in medieval England the manor
would regulate the grazing of domestic animals in the common land
by limiting the number of unimals grazing, as well as the duration of
grazing. 'Y More recently, in the Usited States the Taylor ‘Grazing’
Act .ul' L34 was designed procisely 1o “stop injury to the public
grazing lauds by preventing over-grazing’ of the open grangelands
of the Cascade Range and the Sierra Nevada Mountains,®! But on
oceasion the problen is sighted a bit too late. The American whoop-
g crane is now extinet. It is also possible that the bowhead and
the right whales have saffered a similar fate.

'ljhc problems of devising and enforcing such regulations are
plainly acute when nations vie with one another for o common
property resource. The *‘Cod War’ between Leeland and Great Britain
i3 still unresolved. And it can hardly be said that the International
Whalix?g Qommission has been spectacularly successful. Established
in 1946 with seventeen member countrics, the Commission’s task is
to proteet whale species by setting maximum animal cateh limits,

* For 8 thorough discussion of
se6 MeDonald (1971).

1 Oun thiy, soa Lipson {194Y), p- 72

1 Boo oss (LG, p. G1.

petrolourn rogulations in the Unitod Statos,
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designating arcas closed for hunting, and setting minimum popula-
bion size limits below which the specics are considered endangered.
But the Commission hag ncither inspection nor enforcetent
authority, Consequently ignoring the Commission's recominenda-
tions appears Lo have boen § e sinrle systematic policy lullowed by
some of the nember countries. ' Ng much so that despite the
voneern ex pressed by miry over the years, the blae whiale spocies
Wis pretby close Lo extinetion Ly the carly Mls. A main problem
ol wrriviag wan areed upon weaulidion s opposed o euloreing it)
s Lhat anlile tle lortad odel Lhar w,e hiv e studhied, Clirins' ex.
Ploibing o vomimon Property vesomrce e goencradly ot wlentical,
For leeland cod tisliing is o najor industry; for Great, Britain, it is
not. Devising o fudr regulation i suck instances is understandably
dufticutt. “I'hen again, problems arise whenever there are disagree.
ments abont technological possibilities. leeland argues that excessive
catehes in the pust have brought the cod Population olf its Lerritorial
waters down tu a dangerously low level. (reat Britain does not
believe the gloomy statistics 3 Begulations are dillicult to arrive at
when the fuetual Lasis on whicl, the regulations are to Le Luilt js
not agreed upon,

These are, of course, atmung the woee spectiwealar examples.
Regulations are, understumlul:l_)-’, casier Lo inbroduce if the ‘firins'
exploiting the common property resource do not form o poweriul
block. Big-game Lunters ny find a government's assessment of
the threstiold population sjze n of given species tog high. But il they
do not furm a powerful political lobhy, strong regutations ean ju
fuct be enacted, And they olten are,

Qur simple model describing NV identical firms exploiting o comn-
lmon property resource suggests that there e several ways of
meeting the problem of over-ubilizabion ab a ree wecess equilibrium,
We noted that quantiby restriction (i, specitying the input level
£ per firm) s identical in ikt Lo introducing an optimal tax on
ach unit of the inpat iitradueed (which i turn is identical in
impact to the Prre licensing seheric), so long s the tax revente is
distributed evenly o Lhe N ivens ™ A Yhivd sehermne thist we
have explored would he 4o legislate privige property righits to the

13 0n this, seo MeVay {1966).

3 On this, sco Shapley (1972,

" Wo shall noto luter tlmt_. this equivaicnen belween o quantity mode of
rogulation and o prico inede of regalution does not hold il the central nuthority's

knowledgo of technolopical and veononue possibilitios 18 imperfoet and when
the regulalion is Plausibly corcanserthed, Sou Clugster 13,

X

=
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resource. This last, as we have noted, is simply not feasible if the
resource is oil or water underground.

But it is certainly feasible with arable or grazing land. When this
scheme is introduced the resource ceases to be common property
and the problem is solved at one stroke.' Lt wonld appear that even
in early socictics huid was as often s not privately owned ; and even
in those where there was free acecess 4o lud thore were often claborate
regulations co-ordinating their utilization by the various members
of saciely ' But while it is Leve thid n froee aeeous cquilibrium s
n”()(.‘aLLiulx:l.Ily inclhieient, i el by e iweans T Lhotgbit Wl Gl
ntroduction of propuerby vights on wlial wiws orgiadly o common
property resource is necessarily o move towards radsing welfuro. We
have seen that when & is finite cacl firm makes & positive net pro-
fit at the free wccess equilibrium. Introducing the tax that we analysed
would certaialy be in the interests of cllicicney. But we have noted
that if ot w penny of the tax revenue is paid back to the firms, they
are wll worse off even though they still make positive profits. "Then
again, it what was originally a communal property is suddenly
expropriated by an “outsider’ who proceeds to exact the full reit
from the propecty aceruing 1o it at the profit maximizing level of
activity N2, cach of the firms is yet worse off since in the other two
cases, they were making o positive prolit at least and now they are
not. This exproprintion of a4 common property resource, while
blessed at the altar of clficiency, can have disastrous distributional
consequences. ‘The point that is being ruised is analytically, of course,
a trivial one, but it lias Lboen argued by some that it iy neverthe-
less historically ruther muportant. Thus, for example, during the
fifteenth and sixteenth centuries the enclosure movement swept
the English countryside, thereby putting an end to communal arable
land. In its wake it seems were lofl literally thousands of im-
poverished peasants whose simple  means  of livelihood  were

I* Thess difforing schoines, for our modeti, are identical so long, of courso, us
the costs involved in sustaining theso schones are equal. In our exampls wo
have supposer that such costs nro nil, Bui, 6010 should bear in mind that thore
are administrative costs in ostablishing and enforeing taxes. At tho samo timo
there are costs of policing private propurty rights {0.g. foncos that separate
one’s grazing ground from one's neighbour’s). Whon contemplating altornative
institutional aystoms such cost considerations wibl presumably matter. For an
excollont discussion of such mattors, soo Dales (1968),

* For oxampio in Greco-1toman times lund was usually privately ownod by
a few landlords (sce Llinloy {1973)). We aro by no means suggoesting that
private ownership of lund is prompted by recoguition of the problem of the

common; simply that whore land is communally owned rogulations toward
its utilization ofton scem to appoor.
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wrecked and who had consequently to scarch for  industrial
employment.

‘Communal property . . . was an old lentonic instibution which
lived on under cover of feudalism. We have scen how the forcible
usurpation of this, penerally accompanicd by the turning of arable
into pasture lund, begins atb the end of the [fteenth and extends into
the sixteenth century. But, at that time, the process was carried on
Ly means of individuad acts ol violenee against which legistation,
for a hundred and Lty years, tought i vain ... The parliamentary
form of the robbery is that of Acts for enclosures of Commons, in
other words, decrees by whieh the Lusdlords seant thenselves Uie
peuple’s laud as private property, decrees ol expropriantion of the
people.'??

A remarkable feature of the problem of conunon property resource
is the variety of examples that one can rather readily constraet in
exemplifying it.® While the generad nautare of the prohlean wppears
in each such example, one's reaction to Lhe varicus means of copng
with 1t no doubt depends on the example in question. 1 tho tax
proceeds [rom big-game hunting are expropristed cutirely by the
government, the resulting distributional impact will not usually
stick lnone’s throut. Not so, presuinably, it the firms’ happen to be
individuals eking out an existence from a common property resouree.
While we have focused attention ouly on the inelliciency involved
in the cxploitation of u& common property resource, the distribu-
tional consequences of alternative mechanisms of removing this
inelficiency should certainly be borne in mind when exsninmng any
porticular case,

6. Asymmetrical Externalities and the Multiplicity of Tax
Equilibria
We have analysed the problem of the common at some length
beeause of the importance of the problum and wlso because of the
simplicity of its underlying structure. A distinguishing fcature of our

¥ Marx (1961), p. 724. Tho Marxun thesis regarding the distributional
impact of the enclosure movement ol the filtconth and sixteenth conturies
bas boen systemalically challenged vver Lhe years (see, for vxamplo, Keeridgo
(1969)). For a rocent rovival of the thess seo tho interesting pupor by Cohon
snd Weilzmman (1974). )

18 For illuminating carly diseussion of tho problom of the coinmon, sge
Gordon (19564) and Milliman (1956). Govdon emplusized the common tishery's
problem and Milliman those of emoton water resources. For n popular and
dramatic statomont of the problem seo Hardin (LGS},
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model of common property resource is the symmetric nature of the
externalities. An implication of this assumnption of symmetry is that
the tax cquilibrium is unique. To state this another way, the sym-
metry assumption implies that the marginal benefit curve (M5)
cuts the marginal loss curve (17 1) at n single point (sce Diagram
3.5) or, equivalently, that the net benefit curve (£ —|L]) as a function
of the total number of vessels (X) is single peaked (see Diagram 3.6).
This is an amiable property for the problem to have. We noted that
marginal social cost-henetit anatysis allows one to locate the number
of vesscls ¥ that orght ideally to be utilized.

Unbuppily o groat vieny exanples of external discconomics do
not have this simple structure. Consequently b is entirely possiblo
in such cases for there to be a mattiplicity of tax equilibria. In other
words it ix possible in such cases that the net benefit curve hag
multiple peaks, some of which are merely locally the greatest in
value and not globally 0,19 Marginal social cost-benefit analysis in
such cases can be trewcherous sinee, depending on the level of
activisy from which social cost—benefit analysis is begun, the analysis
may quite easily lead to o mere local optimum and miss out the
global one without anybody Leing the wiser. We shall illustrate such
a possibility by means of an example. The exuinple will also enable
us to discuss a nuwmber of further issues that wre relevant in dis.
cussing the theory of externalitics.

Suppose that industry o consists of identical firms, i =1, .. ., N,
all located upstream of a river. Firnn @ utilizos two variable inputs,
{;and z;, to produce a homogenconus product, ¥, For simplicity we
take it that production pussibilitics open o @ are represented by

351y < et b >0 and a4+ b< |; t=1,.. N

The production process, however, consists as well i the creation of
eflluent, ¢, which 1o Le specilie, is o transformed product of the
put, o This cllluent, i, is supposed, can only be deposited in the
nver. A detailed account of production possibilities would have us
take e the Jact that the quantity ol efiluent ean often be con-
trolled (suy, by breaking it down into relatively harmless molecules)

" Stating tho poing in Yot wnother way;

1 the motivation for devising o tax
systemn 18 0 allow the cconomy

tu fiadd the optimum of the not bonefit curve
{assuming, of course, thut the goverinent hey o clear assessiont of how to
sggrogate individunl benelits and costs it socinl henefits and eusts). Formally
lp-eakmg_ tho txed wre cotaputed from (e first, order eonditions pertatning to
the maximumn of Lln_) net benofit curve. 1 follows that every loend maximum
aad overy ioeal mininiuen enn bo vstublished as o tax vguilibrium.
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with the help of furtlLer resources. Here we shall wish to _k.ut_:p the
analysis simple. Consequently, we ignore s_uch poss@nhtws of
treating the waste and suppose simply that ¢; is proportional to z,,
and, i particular that

3.52 g€ = My, > 0,2" 1= l, ey RS

Industry g consists of Jf identical firms (J=1,... 40, all lo‘cu,t,cd.
downstream of this river. For simplicity we suppose that firm J
utilizes a variable input, vy, wid a fixed quu.ntib_y- of water to prod.ucc
a homopgencous product, ;. But while the quantity ol‘wut.l-r required
is fixed (because, sy, the plant size s {ixed), its u.\‘..t'ililllcs.\' depends
on the quality of the water and, in particular, it Is s.up.poaud .lil('l.tv
the less contaminated the waler, the more productive it is. Apain, o
detailed treatment of production possibilities would have s take
into account the fact thut the comtaminated water can often be
purified (at least up to a point) by j with the help of furthprI resources.
Once apgain, we shall wish to keep J's ))I‘Ul]li('!.i()n. [ms’slln{nlws in a
sinple form. Thus we ignore such possibifitics. ‘\\’I'ILU P :L,\l_ ¢, for
the totad quantity of efiluent in the river, Then we talku il that
production possibilities open to j can be represented by the form

k(v;)
R T
N UER AT
3.53 where
k(0) = 0, v > 0, E(v,) < 0,
RO) = 0, and A(E) > 0.

As m the carlier sections of this chapter we shall be interested in

the notion of an equilibrium outcorme for these two indhustrices,

¥ To give ouly an oxample of how ono miny wish Lo cuplure the et that
trontment of the wnsto s pussiblo by 1 ono coubl suppose Lt £ can utilize n
furthoer resvuree z; to control Lhe waste v tho production conntriunt

J=14i ..., M 1

c >_L‘3£'_
R
= ‘(= . 3.5% s that ¢(2,) =0 for all z,.
whero ¢{(0}=0 and ¢'(z,) > J. In 3.52 1t is supposod i3, ]

u AJsimpi.n |!Nll.’lll[)ll‘) of how wno may wish to capbure the fact that j s
copable of purilymy the river water for its own use woild be uy fu[lovy'u.
Denote by m, tho level of pollution of the wator netundly used by j in it
production of U linul good. Let 2, donote w varablo mput iy water puri-
fication plant. ‘Then we could suppode that

hils) ki)
Ti%
ond 3, < L+m,

where r(0)=0 and r'(8,) > 0. In 3.53 wo ar supposing that such purification
poasibuhition do not oxist and, therelore, that r(s,)=0 for all a,.
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Again, as in our carlior examples let us cushion these two industries
from the outside world by supposing that they trade with the rest of
the world at fixed prices. Thus denote by py, p; and p_ the prices
of the single output and the two variable inputs involved in industry
® and by p; and p_ the prices of the single output and the single
variable input involved in dustry 8.

An important feature in which our Present example differs from
the example of the common’ is the asymmetrical nature of the inter.
action between the two industries. There is a temptation to say that
80 long as MY, ¢ >0 industry o imposes an externality on industry
B and not the other wany arownd, and common parlance would
describe the interaction in precisely such a manncr. We shall note
preseutly  that the matlber s solewlatb  more ambignous Lhan
common patlance would sugwest and Liab it depends critically vn
the precise specitication of Property rights. Liven so, it, iy plain that
4 distinguishing feature of yhe present example is the asymmetry
i the interaction

I both & wnd 4 wie reasonably large it may seem plausible to
contemplate vnce agabn the notion of A market equilibrium whicl,
we introduced in section 1. We shall compute such equilibria in
what follows. Given that firins are prolit maximizing cach firm will
produce clliciently. Consider firm Cinindustry o Lot 4 (v congtant)
denote the cost that ¢ bas to buar on its lixed capital. Net profit for ¢
can thien Le denoted ay (Boli—pli—por;— A), which, on using 3.51
can be cxpressed g
3.54 plie — pl, — Pt — o,

Firm @ is voncerned with maximizing 3.54 by choosing i und z,.
The critical question Petbains to the admissible st of values of these
wwo variables. Now so [ur as {; is converned, presumably it can take
any non-ncgative value thay z chooses. But what of £ ¢ Hor note
3.52. The admissible tange of values for 4y will plainly depend on
the law pertaining o vhe amount of pollution that i is allowed to
deposit into the river, Jor example, if industry B has u right to pure
river water then iy the absence of any negotiations between firm ¢
and industry 8, + will have to be set ag zero. Now s we ave con-
sidering the market cquilibrium in the sense that we have defined
it we take it by definition that there &I'¢ no negotiations, The
equilibrinm that we are studying is ieli-co-operative one, It is,
therefore, informative g sippose that ¢ chooses {; only, and to
express ¢'s maxXimized profit, =& as a function of the quantity of
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pollution, ¢; {=px;} that it deposits into the river. This procedure
will enable us to describe the set of market cquilibria as a function
of the precise pollution rights specified by law. Thus write

Tl
3.55 wi{e,) = max (Eﬁbc' - pd, - pr‘ﬁ - A).
ti K K
Given thit by assumption ¢ +b < 1 (see 3.51) it is simple to checek
that o (e;) is & concave function. In Dingram 3.7 a typical Tunctional
form of =} is presented. The dingriun also contains the resulbing
form of the marginal profit funetion da (e )fde,.
Consider now firnw J inindustey g0 1 swe were Lo Lake it that the
total level of pollution in the river is £, its net protit Lpaz;— pov;),
can, on using 3.53 be denoted as

klv.)
3.56 L pw
v P iy — P
(We assume, for simplicity, that j incurs no fixed cost.) Firm j is
concerned with maximizing 3.56 by a judicious choice of v;. Denoting
by =} the maximized value of profit we have, by definition

Diagram 3.7
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)
TTB(E)

Diagram 3.8

Diagram 3.9
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T . P:k(vj} . .
3.67 n(E) = J;La.\ {1 A Pyl r

It is immedinte from the RS of 3.57 t.lm.t. nj?(l;} Is a dcch.m;u?r
function of . But it can never he ncgutlive, since j n.l\my.s hil.h Llu,
option of setting =4 and 1.|wriv.l)y ‘(slosmg flu:vu .I‘L.‘-‘. (.)‘pq:.t.:t-‘l((l)n’.l‘hl:
Dingrams 3.8 wnd 3.9 4w plausible l(.n':us of w’,:, :Lr;. })l:h;'ll![:;l‘y. e
dingrams also depict the l'()l'l'l‘&:}‘)()l-l(llllg ﬁh;.l,])(t.\ OF () {d i,
marginal et of £ on s masimized profit tevel. N

I Dingram 3.8 it is supposed that up o the pollution tevel f ,

or O * his wh==0, Diagram 3.9
n}, I8 concave and taab {or wll > one has mhe= g

h{E)

| I |
O £t E

Diagram 3.10

portrays o more inberesting situndion. [{L:cu_[l 3.53. z\!)u.r.t-l ll-r(fm
agserting that A(0) =0 wel R(E) >0 we h':wu [‘:[L. the luu'ctmn.l:' ;11'12
of & unspecified. In many h‘iLLuLL.l'()H.S it [ pl'd:l:a'lbll.: to :-:uppnljbt,b ‘m.d
A(£) has the shape depicted in Diagram 3.10, The HlL.lliLtllU‘II, clu.;l:: u;ﬁc
by Disgram 3.10 is one where up to L Lotal p.olih.ll.lmn. L-\Ld tl
water impurity does not alliet ])[‘Udlll:t[(;lll'IJQSSHJIIILICS.IH m ulb l}(f’lﬂ
by much. Ln other words, up to Kok (/&)‘IS 1‘;1.1‘.hu' lu.\\ .(t, lUlll?;
positive). Over the range £y Lo &5 the ‘.\'u..l,t'l' Hipurity l’u"gm.\.to at u,
production possibilitivs in industry 8 quite seriously. ‘I lIiLt. .IS].LO h‘-l-y
ALY is "large’. Beyol £y s supposed thal & mu[-'{f m: l_v-t..: IL::LLtlfos
out. Most of the damage has already bu:.n 'duluc. L\.g\x il .t-{ )31;.;
the form depicted in Dingram 3.10, then it is inmediate from 3.
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that 7 &) will have the form drawn in Diagram 3.9. Up to a level
of pollution &, maximum protit, s, declines very slowly. It declineg
dramatically gver the range &) to £, during which the marginal
impuct of 4 is great. Beyond £, maximum profit declines slowly,
Bossibly 1o zero Jor Lurge cnougl values ol & (say for £ &3). In cither
case (.. Diagrams 3.8 or 3.49) 74 is & non-concave function if the
entire non-negutbive range of £ iy corteinplated. In what tollows we
shall, to be specilic, tuke it thag (&) has the functional form
depicted in Diaggram 3.9,

We huve deseribod the profib lunetions ol the representative lirms
in the two ndustrics aud it feimaing L characterize the market
cquilibrin. As o0 uight be inclined 1o guuss, the structure of the
market cyuilibria depends criticull ¥ on the specification of pollution
righis, Suppuose, to take an exbretne example, that in this ceonomy
bhe law recoguizes Dollubor’s righits by, nob thie rights of the pollutees,
That is 1o Buy, suppose that industry 8 has no legal right 10 pure
water. Recall thag we are atlempting to deseribe an equilibrium
that is characterized by an absence of liegotiations between firmg,
Since by law firm ; can pollute as mucly as it likes without, penalty
twill come 1y pollute up 1o the level é (sce Diagram 3.7) at which
me(e;) is maximiged. Total pollution jn the river will therefore he
Né, Turning 1o wdustry 8, so long as Né < £y (see Diagram 3.9) firm
J owill find it profitable 1o undertake Production. e juteresting
situation is ong where this is indecq s0. Thus in the cage where the
pollutor has the right to pollute iudulinit.cly the market cquilibrium
I5 characterized by a total poltution level ¥eé. Topal prolit for the
bwo industrics taken toguethier ab the cquilibrium ear be read off
from Diagrams 3.7 ung 3.4 and can bo Cxpressed ag

3.58 w{¢) = Nadigy 4 11117;(1\/&).

We shall Presently compare =(é) witl, maximum totyl brolit lor the
two industrivy bisken together; hat 5, with g Puruto-eﬂiciout
allocation. But jor the moment, consider gy altered legal structuro,
one where there gpe Some rights for g pollutees as well, |4 is
SUpposcd that the fogy teeoguizes Lhat i ust not cmpower he
pollutee wip) tw right 10 pure river wyter (ie. £=0) since in the
absence of Hegobintions (thug 15, ab a market, cquilibrium), industry
a will bu forced 4 close down and absorh a totu loss Vd. Con.
sequently thie [yw spowers the poliutes with only partia) rights, in
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(>0) with impunity. In other words, e* is the benchinark level of
pellution per firm in industry a.?® Now if 0 <e* <& (sce Diagram 3.7
and if, as we are supposing, there are no negotiations between firms,
then i will deposit precisely ¢* units of pollution, sinco o
increasing ol e* 3 [ follows that ad womarket eqailibrinm total
pollution will be at the level Net. Conscquently Lokal pralit for the
industries taken togethoer is

1.560 m(e*) = Nu'(r*) + ,111:';1[1\’(:*}

(see Diagrmns 3.7 and 3.9} Notice that ai(e®) / mi{), mele®) £ i),
and in general that m(e*)+# w{¢). Notice also that the lower the
benchmark level of pollutiow, ¢*, the more the equilibrium distribu-
tion favours industry 8. We conclude that at a market equilibrimu
both the total profit for the two industrics taken together, as well as
the distribution of this profit hetween the two industries, depend on
the specification of pollution rights.

In what follows we shall be concerned, for simplicity, with thoe
size of total profits {swn of producers’ surpluses). in other words,
we shall be concerned with Purcto-cllicicut wblocations. It is rather
plain that a market cquilibriun will be Parclo inefficient unless, by
fluke or design, e* has been chosen so as to support a Pareto-etlicient
outcome. So the first question to usk is whether a Lindahl equilib-
Fium v esist for this probleme T faet il s eather casy to check that
it does not. For recall that o Lindahl equilibram wall consist ol
competitive markets for named commodibios, ¢, where in equilib-
rium

3.60 €, = €4 i=1,.. & und j=1,...3

To say that firm @ in industry has heen empowered by law with a
benchmark level of pollution, e*, is a wuy of saying that ¢ has an
initial endowment, e*, of pollution rights. Denote by p;; the price
that firm # in industry « has to pay lirm j in industry § for a unit of
poliution that ¢ deposits into the river. Thus, in fuct, if ¢ deposits

32 W e supposing Phad Ot s costless Looonitor the quanetity ol eilfaent
gonernted by exch liem in hudustry o

3 1{ e* > ¢ thon i will doposil precisely @, sinen my is nodechining function
boyond .

P hiv fonturo iv, of courso, traa as well i the case ol Lthe prublom of the
common. We dul not omphasizo it in Ui diseussion of the eommen’s problo,
howevor, beauusn the problom there s chacactorized by a sonplo naul un-
smbiguous et of property rights; mupely thal eneh ficny has the ryghtl Lo
exploit tho conunon proporty to uny extent it chooses. That s, the lew aseribes
full rights to the puilutor.
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e, (=e;) units, its neb payment to § is py(e; —e*). Now it is plain
that at an cquilibrium p;; cannot be positive. For with p;;>0 firm
4 will be cncouraged to undertake little or no production activity
but to carn all its profits by selling pollution rights to +; the more it
sells, the Ligher its profits. But ¢ will hardly wish to purchase an
unlimited goantity ol potlation rigiits, most certainly nol boyond
the level ¢ ab which #l= — A (sce Diagram 3.7), and actually at a
level fess than e Demand and supply ol ey; will not mateh, and con-
sequently wn equilibrivm cannol be sustained with pg > U. Notice
next thad g cannot be zevo inequilibrivan sinee in blis case Lhere is
in fact no cash transfer between @ and j. Consequently j will demand
.that e;;=0 while t would wish to supply e;; at a level é. The argument
is reinforecd if pj; < 0. One concludes that a Lindahl equilibrium for
our problen does not exist. The source of the problen, us one would
be inclined to guess, is that in the space of named commoditics firm
j's production possibility set is non-convex. This can be readily con-
firmed by considering 3.53. Holding constant v; and all except one
n‘amed cowmodity e;; one can describe production possibilities ag
circumscribed by the curve in Diagram 3.11. The set is, of course,
non-convex.

The question that arises next pertains, as in our earlier examples,
to the kinds of regulatory measure that will ensure that o market
equilibrinm sustaing an cllicient allocation. Now it can be checked
that given our characterization of production possibilitics for the

2]
///
7
/’" //;/// ,: ///////
Yy
/4//////// ,
O

Diagram 3.11
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two industries the pure quota rule, the pure licensing scheme and the
pure pollution tax scheme will all in principle work for this problem.
To illustrate this, consider for cxample the pure tax scheme. The
regulatory agency, would wish to impose a specific tax, ¢, per
unit of eflfucnt, ¢, (20) that ¢ deposits in the river. (Given {, i's
profit will read as

o el 4wl
b i (B
nnd consequently @ will be concerned with selecting £, wnd ¢; oplim-
ally, with no constraini on either variable. The regulator's problemn
conxists in choosing the covreet value of £, where, by a correet value,
we mean one that sustains a Parcto-eificient outcome. This is pre-
cisely what was aimed at in the previous cxatmples, However, a
source of worry for this example is that unlike the problem of the
common there may be computational difficultics in locating an
eflicient regulatory measure. This 15 a point we raised wb the very
beginnung of this section and it is time to cluborate on it. In order
to do this it will be useful to simplifly the exunple and suppose that
N=M. Given that firms in a given industry are identical, one is
concerned with those allovations in which firms in o given industry
behave identically. Recall Diagram 3.9, Denote by

d
My = o Aml) <o,

the marginal loss to firm j due to an increase in river pollution and,
therefore, by N, (£) the sum of the inarginal losses to the tirms in
industry B (see Diagram 3.9). Denote by N|M ,(£)] the absolute
value of this loss. Using Diagram 3.9 the general shape of this can
easily be protrayed, as in Diagram 3.12.

The benefit to industry « due to extra pollution is also sinple to
deseribe. As firms are identically treated let eanch tinm poilute at o
level e. Total pollution is & = Ne. Write

N Y
BE) = X mie) = Noyfe) = N, (fV)
i=1

for total profit for industry o when the total pollution level is Ne,
and by
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d
My = BE) = 2 {N'rra (;)}

the marginal profit to industry «. From Diagram 3.7 it is readily
checked that this last is monotonically decreasing and cquals zero
at the level of pollution Ng.

In Diagram 3.12 the points Ky, £, and E; denote three levels of
pollution, #, at which the curves M, and NIM ;| interseet. In

£, E, N& E, C(Ne)

Diagram 3.12

Diagram 3.13 they denote the correspondin
resulting net benefit curve B—-N|L|.%
maximum argument of the function (
eflicient, level of pollution in the rive

¢ ‘turning’ points of the
Plainly £,, being thoe global
B—N|Ll, denotes the socially
r, while £, is a local minimum

* Wo aro Jasuming that not socinl benolit jg mercl
the net profits of tly two industries. Notico that in
drawn tho curve 0 that D~N{LI<U at
fixod cost, V., fop Hulustry

to elamour for n 2o pollutio

v tho algebraic sum of
Diagram 3.13 wo have
/ : =0. Thus it is supposed that tho
a ;s I;lxrfi,;) . In st]xch & sibualion it would be sitly
nlevel, (o might wig i

should 1ot hinve Loon allowod o bo locnl,odgupstrm}:::tloiﬁrfll:g lt’li}::tt ”;1(';1:;"%':
without knowing the nature of industry « ono can make no s‘uEh cl;)imL:i

h P tr 1spart coy 4] Y
I orhaps n: ta for tho in t. 0 H mn stry are low at this
puts and utput of du,
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and E; is a Jocal maximum without being globally so. Each one of
them is a tax equilibrium but, of course, £, is the desirable one.?
Now suppose that in the absence of any social management of the
problem the market equilibrium has resulted in a level of pollution,
E, that is in excess of £, (because, say, the law ascribes rights to
the pollutor so that the market equilibrium level of pollution is Né
(> Lg)). IN now an attempt is made to manage the level of pollution
via a sequence of marginal cost-Dbenefit analyses, then the system
will eventually find itself i resting place at B, since each move in
the sequenee is made with a view of climbing the “loeal bill” whose

|
I
I
|
l
I
|
E

m|— — —

E{=Ne)

-

e - = — —f— — — —

5 Ne™

Diagranm 3.13

peak is at k. 1t follows that social management vin marginal social
Lenelit: cost analysis will lead the ceonomy to the local maximum
Ky which, while plainly better than the market equilibrivin wevel of
pollution, is stitl far removed from £, There is consequently a
definite sense in which there is over-pollution atl &g, but one would
typically not know that this is so. The reason is that at £ whether

* Actually the point £=0 18 a tax cquilibrium as woll whore industry a is

taxed at such o prohilitive rate for the clheent st discharges that ibois foreed
to close down entiroly.

AP by
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ot the margin one increases or decreases the level of pollution there
1s a drop in net benefit. The problem really concerns the availability
of global information. If the government really knew the techno-
logical and economic possibilitics in their entirety, so that the entire
net benefit curve B— N|L| was known, there would be no problem.
The authoritics would merely glance at the eurve, pick out £,, and
legislate it, or equivalently, choose that rate of taxation on industry
which would support E,. The crux of the problem lies in that
typieally the net benefit schedule over the entire non-negative range
of the level ol pollution is not hinown to the government, "Uhe regulator
picks up the problem at the market cquilibrium point. Ty pically it
contemplates marginal moves (it obtains only local information
about B—N|L| from the firms) and continues supporting these
moves 50 long as net benefit 21— N|L| is incrcasing at each move.
If the market cquilibrium level of pollution bappens to lie to the
left of the point B, (say because the benehmark level of pollution ¢*
is small) there is no problem, since social management via cost—
bencfit analysis will unerringly take the system to . But as we
have scen, if the market equilibrium level of poilution E happens to
lie to the right of Eg this procedure merely takes the system to B,
which, while superior to the market cquilibrium, still supporis too
much pollution.

The upshot of this discussion is that Pigouvian taxes for socially
managing cxternalitics are not necessarily reliable. There may be
multiple tax cquilibria. Likewise, o simple ‘gradient process’ for
locating the oplimal level of pollution will not neeessarily work
because the net benefit curve can on occasion have multiple peaks,
The source of the problem that Las arisen here lics in a scuse in the
fact that cxternal discconomics, like pollution, often imply non-
convexities in technological possibilitics. But we do emphasize that
this is so only in a sense. For recall that in the problem of the
common, while individual firms inflict disecconomics on onc another,
the symmictric nature of such infliction resulted in the net benefis
curve being single peaked (sce Diagram 3.6). For external dis-
economics in general the case that we have just analysed is more
likely to be the rule than an exception. The prablem of pollution
control is a difficult one to solve.r”

¥ Recontly some atlempis huve boon inade to doviso search procodures
that will locato tho glubal eptitium even in the face of non-convexitios in
technolugienl pussibilities {sou in particular 1leat (1973
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7. Conclusions

The examples analysed in this chapter appear to suggest the
following conclusiong 2

(1) In the presence of externaliies o market, tquilibrium may
well be Pareto ineflicient,

(2} Externa isceonmmics in production ofte, imply non-con.
vVexilies it Space of e Comnnodities, Lhis eon vhsure Lhat
Leotnpebitive cquilibeing, Harkets for externalitio simply does
ot exst.,

3y A tompebitive cquilibe g with minrkets fop exlernalities,
when it exists, is Pareto clficient,

() Ifa competitive cquilibrinm with markety for externalities
eXists, so does 4 tax cquilibrium exist, Muruovcr, every cempetitive
equilibrium allocatjon with markets for externalities can ag woll be
established as an Appropriate tax cquilibriym,

(8)  There are casps (¢.g. the problem of the common) where even
though a tompetitive cquilibrium wit, markets for « xternalkities
may not exist, there existy 5 unique tax equilibriym which is Parcto
efficient,.

(6} Lven ignoring income effeets, both the size of total net
benefits and jtg distribution amony different agents 4, o market
equilibrium depend on the specilicalion of legal rights for generating
externalitics.

(7) Even ignoring income eflects, diflerent schemes designed g
produce the optimun, levels of externalities have diflerent, distribu.
tional implications,

(8) In general when production Possibility scts are non-convex
in the space of named comnoditivs a tyx equilibrium is not uniguo,
and each Jocal minimum and ewcly local maximum of the net benetit
function will be supported Ly a tox equilibrium. In syeh situutions
the government will need to conduct gylobal cost-benefit, analysis to

By, craplisize (it wilh 1 by eNecplun ol 3, G0 7 wnel 0 (Lo tonciusions
arce wll gualifiy] by an UMistental quantitior, And yel sueh rahificd con.
clusions: wiyel, P e phes sapport . e wortl sty explivitiy boeagye.
they indicate the Eenernd fondeneus [y ST oo e with exteraal).
tes. One eag Certidnly eotst pigey Uxples where ] keaceal tendeneneg
Uro viodaled, |or example, Jo oy sirely ol g imphewion of 1y beciase, for
exwinple, egme clivet< muy e Treeverse'. Hat vern i the ahiseg e of meone
offocts 10 oan by untene wt ot el edtications e for example,
Buelinniwng g ISartoptis CI963Y s Digniong and Mirrloey (1730, Jor
general argumnen s leading (o conclusions 2 and 5 see Foley U701, Ntarrerg
(1971, 1973} nnd Bergstrom (1974),
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compute the optimal allocation und thus calculate the tax structure
that will support it

{9) If there is a Presumption that competitive markets for
externalities will not Lo cstablished, the production of external
economies ought 4o be subsidized and the production of externa| dis.
economies ought to be taxed.

(10) An fiplication of () is e presumption that ab o macket,
equiibrium with  cxterualibies there s an under-production of
external ceonomic and vver-production of external diseconomios,

Notes on Chapter 3

The literature op extornulition 18 wimply huge. It would be wlinost
impossible to EIVO 0vVol o rousonably cuinploty biblivgraphy for it. Qur account
of the problumn of oxtornahibics in yenoral and Pigouvian taxos in particuluar
1 basod un the writings of Mypeou {l932), Moado (1952), Samucison {1954),
Musgrave (1U54), Arrow (196Y), lioloy U970) and Starrett (1972, 1974). For
& wore dotailed expositiun of the subject sco  Malor (i‘JH_), Mowde
(1973}, and Bauwmol gy Outey (1975). An excollont troatroent of common
Proporty probloms is i Daley (1972) and Clhesty Jr. and Seoty (1972}, 'the
termmology ‘numed” Bouds is tukon from 1aly, (1971} who used it iy g dilloront,
context,

The problemn of the SOOI was brought Lo Liye attention of non-ceonomisty
ma widoly cited wrt el by dluedin (LHS), The artiele is vigorously weilton aud
i5 charucterinnd gy tueh by loose analyses us by incorreet, conclusions

So far n8 wo know Our presentetion of the problun of tho cominon iy now,
The hiternturo usually douls with e cuso when thero is frec eniry Lo tho
common property by potontial firmg (sco, fur oxuample, Gordon (1U54). Firne
8r6 assumod to continue o wuter s long as thorn are positive profits to be
made. iy oquilibenny, thoreloro, firuis 1l e profit, and tho BVOIrnEY pro-
duet of vosyola Hoogqual by the peng! priee. \Wo hpve, 1tsiond, kUpL tho nuentbor
of firrns lixud ut ¥ ni huve invostignied the nubion ol an oquilibrign wher
tho cotnmon Property resouceo (i.o. thy lishinyg Jround) is freo to oach of thein,
Stating 1t wnothur way, an tho convontiogal breatinent of tho problem the
number of Girng oxploting the connnon Proporly resource i endogenous to
tho nuelyyis, Ly our presuitation it s given vXuptiiousty. Given a lixod nutuber
of firms, N, wo huyva shown thul firn huko a positive prolit at the markes
equalibrium, but tht, 1), SIZ0 08 thoe profit s sl 1 Nidlarge. Positive prolit
for euch firan iy npliod at the iarket cqullibriun for gur problom so long ws
In deciding how many vessoly 1o mtroduce, euch firn, § Lakes into wecount the
offeet of its Heot of vossoly, & o0 the svornge product of vessols on the fishimg
grouinl {oyuation 327} Suppose thatead, that oyen thougly N iy finite vach
firm ¢ pretends that the averuge product #{X )X g ndepondent of Lle nubor
of vousels, x,, that it ntroduaces. Ingtegd of equetion 3,28 the Bytninetric
market oquilibriag condition will they, read as & N Newpoand, therelyro,
thal, in oquilihriun, thoro are 1o rofita ty b made by firms, "Ihis lost jg a
sonsiblo notion of .y, oquiibrium s, long ns it g sonsible for each firmg to
8upposo that it cunnot, Intluenen the UVCrago product of vossaly, But pre-
suniably thiy will by o, rossurnble postion for g fipy, to tako 80 long na & g
largo. It iy for tluy ooson thut wo Jigve enalysod the more gonoeral condition
of squilibrivun ag ombudied g tqustion 3.28 and hpve obtuined the zero
profit caso gy u Iuniting vne when N tonds to ndinity,

e




U4 ECUONOUMIC THLEURY AND EXHAUSTIBLE RESOURCES

As we have remarked, there are o pumber of ways one can present the 3
problem of the common. For a fuli generul equilibrium treatment of the 8
problem {i.e, where the input price—in our cofe, p—is dotermined within the
systemn), soe Cohen and Woitzinan (1375). Unliko Cohen and Weitzman, who 38
are concorned with modolling an ontire cconomy in which tho single fixed §
factor {land) is coinmunally owned, wo havo been concornesd with n comimon 3
property roesourco that appears in only ono sector of tho eennomy. A partial £
pquilibrimn approvch with the number of firma givon exogenocusly scome bost "
guitod for this purposo. 1t coables us te Liandle the diverse examples discussod @8
in section b.

An important question that we have not touched on i our discussion of J3
aptimal regulation of oxternalitios s the ono rogsrding incentives drsigned to @
ko nponts rovend thor Leas proforencos ropar g tho supply of oxtornalities. 3§
We have tneitiy supposod thet tho true prefurences are rovenled. For firms 3
this 18 not an absurd assumption, given thint the oxternnhiies are of o toch- £
nologienl naturo, Ther offecty enn, an principle, bo dolormined. But the
assimption that the govornment. ean ehat the true prefirences of consumors B
{o.g. tho oxample in section 3) needs justitication. We have not provided one. g
For & discussion of tha rango of questions sen, for uxmnple, the recont cons oF
tributions < 0 Groves wd Ledyard (1977), CGreen aiud Lafont (1977) and
Markin (1977). -

Uur discussion of extornahtics—though not our dofinition of the concopt— 3§
has focused attention on what s ususlly, but somewhat micadingly, called
BOTL-POCinry oxternaliticn. A sharp distinetion hetweon pocinry and non
PUCHUDLULTY oxtarnadil ios w diflicult to ke, For discussions on this point 808}

Soitoveky (1964) and Starrett (1974).



