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Abstract

Existing literature suggests that competitive market solutions to externality

problems would result in the same (Pareto-efficient) allocation of resources

regardless of the incidence of liability. Deductive tests of these hypotheses

are made by deriving supply and demand functions for externality abatement and

establishing results of negotiated solutions. It is concluded that resource

allocation is unaffected by liability law only when both parties are producers

(who are not bound by inflexible capital constraints) and when variable trans-

actions costs are zero. In all other cases, the equilibrium output of liability

is affected by the assignment of liability. Furthermore, increases in variable

transactions costs would increase the disparity between equilibrium outputs of

externality under zero and full liability rules. For almost all externality

situations that can be expected to occur, then, it is no longer possible to

claim that selection of a liability rule affects only the distribution of income.

KEY WORDS: Externality, Pareto-efficient allocation of resources, liability,

supply and demand functions, variable transactions costs, income distribution.



ON THE THEORY OF MARKET SOLUTIONS TO EXTERNALITY PROBLEMS

Alan Randall

I. PURPOSE AND PROCEDURES

Agriculturalists are directly and immediately concerned with exter-

nalities or uncompensated side effects, in agricultural settings. Pesti-

cide residues and animal waste disposal problems can be cited as examples,

but the range of external effects related to the agricultural sector is

much wider than these two examples. All forms of pollution from industrial

and municipal sources in both urban and rural areas, externalities associ-

ated with consumption activities such as driving automobiles for pleasure,

and the whole range of externalities arising from land zoning, subdivision

and provision of utilities and community services, are of interest to the

agriculturalist because they influence the geographic distribution and the

urban-suburban-rural mix of our population.

Economic theorists have proposed that the problems created by a

Pareto-relevant externality may be solved by market transactions between

involved parties.1j These market transactions would allow realization of

1I See R. H. Coase (1960), Otto Davis and Andrew Whinston (1965) and Harold
Demsetz (1964). The term "Pareto-relevant externality" is used here as
defined by James Buchanan and W. Craig Stubblebine (1962).
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the potential gains from trade which characterize a Pareto-relevant

externality. After all gains from trade have been realized, a Pareto-

efficient solution would be achieved. At least one person would have

been made better off by the trade; no one would have been made worse

off.

This market approach to the solution of problems arising from ex-

ternalities is in marked contrast to more traditional approaches.

Usually, society has relied upon systems of standards, enforced by the

threat of penalities, to solve these kinds of problems. The prevalence

of standards in current environmental management policy can be cited as

a prime example. Air and water quality standards, land use controls,

pesticide regulations and solid waste disposal standards are all

testimony to widespread reliance on standards.

This report explores some implications of a market transactions

approach to externality problems. While seemingly novel, market approaches

are mentioned with increasing frequency in the area of environmental qual-

ity. Robert Alexander (1971) mentions cases where industrial pollution

has damaged agricultural crops. In some cases, market solutions have led

to the aluminum refining industry paying compensation to nearby agricul-

turalists. In other cases, the industrial concerns have purchased land

affected by their emissions, compensating for the externality in that way.
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On a larger scale, the use of effluent charges in water quality control.

is being seriously considered by many state and Federal officials and a

tax on leaded gasoline was recently proposed by the Nixon Administration.

These latter examples bear many similarities to the type of market

solutions discussed in this report. 2./

In spite of this increased attention by policy makers, much of

the internal logic of a market approach has yet to be elucidated by

economists. It was toward this end that the research underlying this

report was undertaken.

Review of Literature 

In his seminal article of a decade ago, Coase (1960) concentrated

attention upon externality relationships between producers. He argued

that unimpeded negotiations between involved parties would result in the

same optimum output of externality and the same allocation of resources,

regardless of the particular starting point established by liability law.

This solution would be the same as that which would be selected if the

businesses involved were merged and operated by a single management.

The only thing which would be affected by the selection of one particular

liability law in preference to another is the distribution of profits

between the involved parties.

2/
The similarities and differences between these approaches and Coasian
market solutions are discussed in Buchanan and Stubblebine (1962), and
Randall (1972).
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Davis and Whinston (1965) considered externality relationships be-

tween consumers. They found that (in all but a "Ciffen's Paradox"-type

special case) negotiations between affected consumers would result in

Pareto-efficient solutions. They concluded that 'the law, which deter-

.3
mines the status quo point, affects only the final distribution of income. —/

This seems to suggest that Davis and Whinston believed that Coase's con-

clusions about externality in production would apply equally well to

externality in consumption.

The framework of analysis in both of the above articles was static,

and assumptions of pure competition and full information were maintained

throughout. These analyses required that no impediments (legal or moral)

to bargaining exist and that property rights to all factors and commodities

be clearly specified and enforced. In particular, the law must specify a

status quo point to serve as a reference point for bargaining.

Most attacks on what has become known as the Coase Theorem have started

with the premise that Coase's assumptions, the typical assum p tions of static

micro-theory, may be unrealistic in practice.-I-'	 F. T. Dolbear, Jr. (1967),

however, has made a successful attack on the generality of the Coase Theorem

while remaining within Coase's static pure competition framework. he found

that only in special cases will negotiation between two consumers from dif-

ferent status quo points result in the same equilibrium output of externality.

Dolbear attributes this result to an "income effect" associated with the

change from one liability rule to another.

j Davis and Whinston (1965, p. 125).
j See, for example, M. C. Kamien, et al. (1966), and A. M. Freeman (1967).
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Approach 

In this report, the problem of negotiated solutions to externality in

consumption is examined with the aid of simple mathematical models. The

existence of Dolbear's "income effect", which here is called the "income

transfer effect" to distinguish it from the familiar income effect derived

in Slutsky equation analysis of consumption where no externality exists,

is considered. Supply and demand curves for the abatement of an externality

are derived and the results of negotiations from different status quo points

are established.

This analysis has several advantages relative to the Dolbear treatment.

(i) For externality in consumption, the existence of an income

transfer effect due to different liability rules is shown and

the conditions under which it is non-zero are readily established.

(ii) The use of supply and demand curves for abatement of the exter-

nality seems to be an expositional device which is more widely

applicable than Dolbear's "half-Edgeworth box", since supply

and demand curves may be used in open economy models as well as

in exchange models and in production situations as well as in

consumption situations.

(iii) The analysis lends itself to some useful extensions, two of

which are pursued here. Situations are examined in which (a)

both consumers and producers are involved in an externality

situation, and (b) transactions costs5/are greater than zero.

5/ 
Defined as the costs of gathering information, making private decisions,
making group decisions (by private bargaining, legal or administrative
decisions, or any other method) and enforcing the decisions made.
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Observers, including Harold Demsetz (1964), Guido Calabresi (1968),

and Gordon Tullock (1970), have emphasized that the transactions costs of

achieving solutions to externality problems may be large: sometimes so

large that doing nothing is the optimal solution. Yet, transactions costs

are seldom, if ever, included in micro-economic analyses. This article

makes a modest start toward correction of this deficiency and completes

the Coasian partial equilibrium analysis of externalities between two

parties, using static perfect competition assumptions.

Hypotheses 

It is possible to distill from the literature since 1960 two propo-

sitions, which will be referred to as the Strong and the Weak Coasian

Hypotheses on Optimum Externality.-
6
-
/ These hypotheses require the following

assumptions: the usual pure competition assumptions on utility and profit

maximization, perfect knowledge, secure and well defined property rights for

all factors and commodities; and the absence of artificial barriers to market

transactions among individuals and firms.

The Weak Coasian Hypothesis on Optimum Externality states that, given

the above assumptions, "market transactions between individuals or firms

involved in an externality situation will result in achievement of a Pareto-

efficient solution, regardless of the initial liability rules."

y 
The term "Coasian Hypothesis" is used in order to acknowledge Coase's
seminal contribution to the literature from which these hypotheses are
distilled. The term "Coase's Hypothesis" or "anyone-else's hypothesis"
is not used; to use such a term would distract attention toward debate
about who said what and away from the prime purpose of this exercise
which is the deductive examination of these hypotheses.
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The Strong Coasian Hypothesis on O ptimum Externality includes the

Weak Hypothesis and adds that 'exactly the same equilibrium output of

externality will be produced, regardless of the initial liability rules.

These hypotheses are tested using simp le deductive mathematical

models. Situations are examined in which

(i) the acting and affected parties are both consumers (Section II),

(ii) the acting and affected parties are both producers (Section III),

(iii) both producers and consumers are involved in the externality

situation (Section IV).

The above situations are examined initially under the assumption that

transactions costs are zero. In Section V, transactions costs are assumed

to be greater than zero and constant per unit of externality modification.

The implications of some more realistic assum ptions about the transactions

costs curve are considered in Section VI.

II. EXTERNALITY IN CONSUMPTION

An open economy model with an externality in consumption is presented.

First-order conditions are derived and Pareto-efficienc y is established for

the general case where s pecialized transactions services are required to

allow transactions to take place. Then, the remainder of this section is

devoted to examination of externality in consump tion under the assumption

that transactions costs are zero (i.e., the work input required to allow
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transactions to take place is zero). In Sections V and VI, transactions

costs are assumed to be greater than zero and the implications for

equilibrium output of externality are examined.

An Open Economy Aodel with an Externality in Consumption 

An open economy model allows the simplifying assumption that the

prices of market goods remain constant while only the bribe or compensation

price associated with the externality varies. This assumption is reason-

able, since we are dealing with pure comnetition in production and consump-

tion. The general form of the model used is presented below, with budget

constraints relevant to the zero liability case, i.e., the case where the

law allows an unlimited out put of externality with no liability assessed

against the acting party.

The following assumptions are made:

(i) Let goods q i (i = 1, 2,	 n) be available in indefinitely

large quantities at fixed prices, p i (i = 1, 2,	 m, n).

Perfectly elastic supply curves face individual consumers.

(ii) Let individual consumers have fixed incomes Y	 (1 = 1, 2, ..., k).

Let us initially concern ourselves with just two consumers,

j = 1, 2.

(iii) Let q	 be the amount of the good, n. consumed by Mr. 2. Then-n2
	

,

f(c/n2) is the amount of externalit y which affects Mr, l's level
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of utility as a result of Mr. 2's consumption of q
n2 . 

For

consumers 1 and 2, who are rational utility maximizers,

U1 = U 1 and

	

U
2
 = 

U2 '12'	 qm2' gn2 •

DU 

. of
7

	Let, for example, ----	 < 0. Mr. 1 suffers an external diseconom
/

y-
'	

1 
q

n2

from Mr. 2's consumption of q

Where institutional barriers prevent any attempt by Mr, 1 to modify

Mr. 2's output of the external diseconom y - equilibrium consumption of each

good by each consumer is denoted by q°. Now let these institutional
ij

barriers be removed, and assume that the possibility of Mr. 2 consuming qn2

only in Mr. l's absence is excluded. Mr. 1 now has an incentive to attempt

to induce Mr. 2 to modify his consum p tion of the good , n.

Since the law specifies no limit upon Mr. 2's consum ption of a	 and
'n2'

since forms of coercion outside of litigation and bargaining are proscribed,

. 1 decides to offer Mr. 2 a financial incentive, a bribe to reduce his

consumption of q
n2 and hence the output of externality . Let D be the bribe

0
paid for each unit of	 , (i.e., each unit by which Mr. 2's

	

q n2	 q 2

consumption of the good, n, is reduced from the level q0
n2 ).

f/
The case of external diseconomies is examined throughout. However,
analysis for the case of external economies would proceed similarly
and the same general conclusion with regard to rejection (or non-
rejection) of the hypotheses would be obtained.
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A work input is likely to be necessary in the negotiations which take

place before Mr. 1 and Mr. 2 agree on the bribe price pN and number of

, abatement of the external diseconomy, purchased by

Mr. 1. Similarly, enforcement of the bargain requires effort. It is

assumed that the transactions costs are borne by the purchaser, rather

than the seller.8/ Let us assume that Mr, 1 may either provide the required

transactions services himself or purchase transactions services from Mr. 3,

a professional transactor who earns his living by providing transactions

services for a price.9/ Where

0
qn2 qn2

= amount of externality abatement arranged with transactions

services provided by Mr. i, where Mr. i could be either

Mr. 1 or Mr. 3,

( 0
ixi = g q

n2 qn2 = the work input required by Mr. i to arrange these

transactions,

cN = the price charged by Mr. 3 for professional transactions serviceslg

10
\!n2 qn2

let each individual maximize his utility subject to his budget constraint.

So long as buying price is greater than selling price by the amount of the
transactions costs, it is irrelevant which party is assumed to pay (in
money or effort) for the transactions services.

The author shows in Chapter II of his unpublished doctoral dissertation
(1971) that Pareto-efficiency can be established only when the purchaser
has the choice of buying transactions services or providing such services
through his own efforts. Hence, this added assumption, which complicates
notation.

10/ In a completely general model, purchases of the market goods, 1,	 m, n,
would also involve transactions costs. These transactions costs can be
ignored with a minimal reduction in validity; since fir 	 fm, p are
fixed (i.e., the goods are supplied by perfectly competitive industries),
it is not unreasonable to assume n

 are also fixed. As will be
m

shown, the existence of transactions costs does not necessarily preclude
achievement of Pareto-efficiency.

provided to allow purchase of one unit of

8/

9/

units o
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Let m = 2.

First-order conditions for utility maximization--11/  are derived by set-

ting the partial derivatives equal to zero. Equation (1) yields five equations,

Equation (2) yields four equations and Equation (3) yields four equations.

Simultaneous solution of these 13 equations with the three following equations:

(
n2 qn =)

0
'n9 - qn2) 1 qn) 3

(0

X1 = gl q 2 - m2
1

q 0
x	 - q= 0

3	 '3 n2	 .n2)
3

12/
should yield unique solutions-- for the 15 unknowns a	 ,a	 ,a11' -12, 13	 ml	 m2

11/
It is assumed throughout the second-order conditions for maximization are

12/ 
satisfied.

- Several authors have considered the problem of achievement of unique
solutions to bargaining problems of this kind. Davis and Whinston (1965)
suggest a process similar to a tatonnement. For bargaining problems
in the absence of externalities 'Teuman (1965) has suggested methods
by which unique solutions (i quantities and price ratios) may be
achieved. Such questions are not considered in detail here. ',le can
have confidence that, provided all ngcessarY and sufficient conditions
for utility maximization are met, uniq ue solutions can be achieved when
Ar. 1,	 2 and 1r. 3 stand for large groups of peo p le each with the
same utility function and budget constraint.
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where

Equation (4) indicates that all consumers consume goods 1 , .	 m

efficiently. Equations (5), (7), and (3) indicate efficient internaliza-

tion of the externality. mr. 1 chooses efficientl y between performing

the transactions services required and purchasing them (6). Mr. 3 produces

transactions efficiently (9). In a larger model, Mr. 3 would have the op-

portunity to facilitate transactions of other types between other individ-

uals . then he would e quate his rate of product transformation between

transactions of various types with the ratio of the rewards per unit of

each type of transaction. Complete Pareto--efficiency is achieved and the

externality is internalized, but only as a special case does it completely

disappear.

If, instead, the status quo situation is full liability (i.e., the

acting party, ",[r. 2, may not produce any externality unless the affected

party agrees to permit it), Mr. 2 has an incentive to offer Mr. 1 compensa-

tion for the inconvenience suffered, in order to induce Mr. 1 to accept

some positive output of the externalit y . Mr. 1 receives p
n
 for each unit

of q	 and Mr. 2 pays	 for each unit of q
n2 

for which agreement isn2
	 -	 n

obtained through his own efforts (i.e., q	 ) and (p
n
 + c ) for each unit

.n22

of qn2 for which agreement is obtained through the efforts of the

professional transactor (i.e., q,)3 ). New budget constraints are:n 

for 'Ir. 1,	 q	 -
'	 1	 1 11 Pmgml + riDgn9 = 0.
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N 0	 (l0
(10) i.e.,	 - 	 -

1	 -1 11	 • -	 Pncin2	 Pn qn2	 qn2) = ();

for Mr. 2,-	 a2	 - 
( 	 7)

• - 13111%2	 i;ncln2	Pncin22	 Pn	 cn qn23 = 0

-
(11) i.e., Y2 - 13 1'1 12	 •• -

	 _	 ,N(l0
Pn4n2	 Pnsin22	 Pn qn2	 qn2

2

...(7

N c!),0	 (,N cN)E0	 )
n	 n 4n23	 n 4112 4n2 3

These budget constraints differ from those in (1) and (2) by the addition

of	 N0Np
n

q
n2 

and the subtraction of 
Pnqn22

	

	
p

n
 + c

n
.) 

q
n23 

, respectively. Notem 0N 0 

that0
	 0

and q
0

qn2 , qn22,	
n23 are constants, Solution of the three individual con-

strained utility maximization problems of Mr. 1, Mr. 2, and Mr. 3 by the

method of Lagrangian multipliers yields 11 equations exactly the same as those

obtained when the status quo is zero liability, and two which are different

(.D. 11
1

/9X
1 

= 0 and 3U
2 /9A 2 =	 ; these two are the budget constraints for Mr. 1

and Mr. 2. Complete Pareto-efficiency is achieved, as for the zero liability

case. The Weak Coasian Hypothesis on Optimum Externality is not rejected.

It would, however, seem that the change in budget constraints due to the

change in liability rules may result in an "ircome transfer effect" associated

with changes in liability rules. This questirn is considered below.

The Income  Transfer Effect of  Changes  In LiabJtity Rules

The Slutsky equation for Mr. 1 is derived, under both the zero liability

rule and the full liability rule. The analysis follows J. M. Henderson and

R. -1-,.-- Quandt (1958). To simplify exposition, (i) let q k be a composite good

0
( 

made up of all commodities other than q - q 	 , abatement of an external
fk2	 -n2

J

diseconomy, in Mr. l's utility function and (ii) let transactions costs be

zero.



Let Mr. l's utility function be

(12) U
1
 = f	 (a° - a

kV 'n2	 -112)] •

Budget constraints are, for the zero liability case,

(13) Y - p q - pN
(° - a ) - 01	 k kl	 n q n2	 'n2 -

and for the full liability case,

N	
= 0Y1 - Pkqkl Pnqn2

(14) Y - p q + pNq0 - pN (7° - q ) = 0.
1	 k kl	 n n2	 n n2	 n2

The full liability case is examined first. is maximized.

(15) V
1
 = f

qkl' (qn2 qn2)] +
0

Y	 p q + PNO 
- N(

0 
- q )1•1	 k kl -nq 	 pn2	 n q n2	 n2

The first-order conditions are

(16) avi.

aqkl = fkl X 1Pk = 0

3V1	 N n
(10	 )7 fnl -1Pn =3 q
n2 

- qn2

3V
N 01-; q	 pN(10	 p	 q 	 q	 0

IDX

1

	1	 k kl	 n n2	 n n2	 n2

where 3U1 -
aqkl	 fkl

3Uand	 1	 f

qn2) 
nl

n2

15
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Total differentiation yields

(17) f
klkl

dq
kl 

+ fklnld 0
qn -q) - D dX	 An2	 'k 1 =-

f	 dq + f	 d(a°	 a	 = X N
nlkl kl	 nlnl 'n2 - -n2 - PndAl	 ld'n '

NA 0
Pkdqkl Pn- qn2 qn2

N 0	 N	 (0
d	 q 	 q-dY 1	Pndqn2	 qn2dPn "I"	 +qkl -Pk	 .(12.	 2	 n.

0
Unknourilsaredqkvdq112-qraand'alld dp, dpN dY1 and dq are

k'	 n'	 1	
o
n2

held constant. The array of coefficients formed by (17) contains the same

terms as the bordered Hessian determinant, D.

D-f
klkl 

f
klnl 'k

-fnlkl fnlnl Pn

-Pk
	-Pn

Denoting the co-factor of the element in the ith row and the jth column

by Div the solution of (17) by Cramer's Rule is

(18) dk
1 =

D

E

1 12 k	 1 22 n	 n n2	 n2 n 1	  n2 - qn2)n-X D dp + X D dp N + D 
2

L7dY - pNdq0 - q0 dpN + qk dp + 0	 AN

D

D

((19)	 0- a-n2)

Now,

(20)	 qn2	 qn2) x
1D22

0

Bp
n

0	
D

32	 0 
D

32
q	 - q

n2	 n2) D	 n2 D
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and
.

(21)(
I
n2 

- q
n2 -D32 , an

(ci0
\ n2 qn2

=

D
22

x
1 .

ay
1

a_N

vri

j

Therefore
ar c?	 _ q

(22)	 \_ n2	 n2 / n2 
_

q n2
qqn2 - q

N a_N

vn
(cin2 - (1n2 a 

Y1
- P=

0
qn2

4(0  - q
n2

)\0

 ay

There are three terms on the right-hand side of Mr. l's Slutsky

equation (22) for (	 The first term is the substitution effect;
q0n2 qn2)

the second is the usual income effect; and third is here called the in-

come transfer effect. First, observe that if the budget constraint (13)

has been used (i.e., if the status quo had been zero liability) the

0

(
term -p

N
dq - q0 dp

N
would not have appeared on the right-hand side

n n2	 2 n

of the third equation in (17). In this case, the third term in the

Slutsky equation (22) would not exist, and only the usual substitution

and income effects would be found. The income transfer effect exists in

Mr. l's Slutsky equation for (- qn2only when he can expect to re-(qn2n

ceive compensation. Slutsky equation analysis of Mr. 2's demand for q n2

(not presented here since the analysis is similar to that for Mr. 1)

shows that the income transfer effect exists for Mr. 2 when the status

quo is zero liability and Mr. 2 could expect to receive a bribe to induce

him to reduce his consumption of q n2 but not when the status quo is full

1	
-P = P
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liability. The income transfer effect is found when the consumer receives

a bribe or compensation in the negotiated solution to an external diseconomy

in consumption. When the individual must pay to internalize the externality,

only the usual income and substitution effects are found.

Now, let us return to the case of Mr. 1. When the status quo rule is

full liability, the income transfer effect will be non-zero in all but two

possible cases: (i) the trivial case, when °q = 0, and (ii) when
n2

q	 /ayn2 = 0. When the income effect is zero, the income
P = P

transfer effect is also zero. More specifically, the income transfer effect

will be zero only when the income elasticity of demand for abatement of the

externality is zero.

Let us examine the Slutsky equation (22) to determine the impact of a

non-zero income transfer effect on the slope of Mr. l's demand curve for

abatement of the external diseconomy. Where it is reasonable to assume that

n
11Z)

apN
n U =

1	 1

(Coa q.	 -< 0 and	 n2
aYl

>0 ,

as it is in the cases of normal goods, it can be seen that the existence of

0 -	
N

a non-zero income transfer effect will make a q
n2  

qn2 /apn 
closer to zero,

if negative, and possibly positive and thus make the slope of the demand

( 0
curve for qn2 - qn2 steeper if negative and possibly positive. It fol-

lows that, for an external diseconomy in consumption, the demand curve for

abatement is likely to be more steeply sloped (and possibly forward-bending)
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when the status quo is full liability than when it is zero liability. If

the same assumptions with respect to signs hold for the acting party, his

demand curve for q
n2 

and hence his supply curve for q0
n2 

- q
n2 

is steeper

(and may possibly be backward-bending) in the zero liability case than in

the full liability case.

Even without assumptions about the signs of

4( 	 \

	

_)	
/ 0

	

gn2 -  gn	 and	 '(.1n2  - gn2)

\\ ail l
N	

/	
Y.

= 13U. =
J

it is possible to predict that, for externality in consumption, changes in

liability rules will affect the equilibrium output of externality unless

(la (g-(r)12 - gn2)
= O.

/P = P

Unless the income elasticity of the affected party's demand for abatement

and the income elasticity of the acting party's demand for the externality-

producing commodity are both zero, the Strong Coasian Hypothesis is rejected

for externality in consumption.

In Figure 1, the income effect, the substitution effect and the income

transfer effect for	 1 are shown in the zero liability case and the full

liability case. When ply 0, the budget constraint is AB where the initial

income, Y 1 , allows purchase of OA, units of good	 7.r. 1 insists on com-

plete abatement (point b), regardless of the liability rule in operation.
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Under the zero liability rule, he buys complete abatement; under the full

liability rule, he offers to allow zero external diseconomy since the com-

pensation price is zero. For p
N
n
 = x where x > 0, the budget constraint is

AD under the zero liability rule, since Mr. 1 must pay a bribe in order to

0
induce an increase in 	 ; essentially, he must buy abatement of

*n2	 qn2

the external diseconomy. His equilibrium position is Q on the indifference

curve I
1. 

The increase in the price of abatement has made him worse off.

The substitution effect is the movement from B to P and the income effect

is the shift from P to Q. Under the full liability rule and when p
N
 = x,

where x > 0, Mr. l's budget constraint is BC; each additional unit of qn2

consumed by Mr. 2 adds to Mr. l's income and his power to purchase q kl

The new equilibrium position is R on	 In this case, the substitution

effect of the change in	 from 0 to x is again the movement from B to P

and the income effect is again the shift from P to Q. The income transfer

effect is the shift from Q to R. The net effect of the income effect and

the income transfer effect is a shift from P to R. Under the full liability

rule, the rise in pn
 makes Mr. 1 better off. It can also be seen that the

equilibrium positions, Q and R, resulting from the two different liability

rules involve different quantities of abatement demanded at the same price

x > 0.

An Example:  Negotiated Solutions to an External Diseconomy in Consumption

Let me further amplify the effect of different status quo liability

rules on equilibrium output of an externality in consumption. It seems
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useful to present demand and supply curves for abatement of the external

diseconomy, and the resultant equilibrium, under two different liability

rules. In order to do this, it is necessary to specify utility functions

for the affected and acting party, initial endowments of the exchange

medium and prices for the market goods.

For example-13 --J, let

41/2 (- 0	 11/2 	 1/2
1(23) U = 4q11 

qn2 qn2)	 "ml' and

41/2
(24) U2 = 6q

1
12-n2 + 'Ciml

Again, Mr. 1 suffers an external diseconomy from Mr. 2's consumption

of the commodity, n. Budget constraints are

(i) under the zero liability status quo rule: for Mr. 1,

(25) 1 =
n	 nN (0	 )_ 0

111"I11 'ml rn 'n2 qn2

and for Mr. 2,

(26)
41 (1(1)12 -- D 1 a7 'm2	 1;1:1%2	 Pncln2	 qn2 = °

and (ii) under the full liability status quo rule: for Mr. 1,

(27) - i;c1	 - -1;c1	4-pN
1	 1 11	 m ml	 nq n2

13/The particular utility functions chosen have no special significance.
The second-order conditions for utility maxima are satisfied.
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and for Mr. 2,

(28)- ;
2	 1 12	 mq m2

+ p
N)
	 = 0

-n n2

For the purpose of our example, let

Y
1 

= Y
2
 = 100,= 2 and ;

m 
=

n
 = 4

-1

For each liability rule, the demand curve for abatement of the ex-

ternality is determined by deriving the four eauations representin g the

first-order conditions for maximization of Mr. l's utility and then solving

0	 \
the simultaneous set for q

n2 
- q

n2) , 
abatement of the external diseconomy .(

The supply curve for abatement of the external diseconomy is found by simul-

taneously solving the set of equations representing Mr. 2's first-order

conditions for utility maximization in terms of 
q0n2 q 'n2j

In this example the relevant curves are

(i) under the zero liability rule:

(29) DZ = pl

2D''	2pn 

	

200	 , 0 < q
o

,	 q	 < 12.39, p
N 

>•0.
(30)

	

- - n2	 -n2) ..-- n
n

	

- q
- 	 + 1
n 

(31) S Z = (10

and	
- p

N0

n2 

Y 2	 n
q
 n2	 2p

2 ; + p-	9;
mn	

n + 
1

(
(32) .. pINI q 9	

N< 12.39, p > 00.n 	 • n
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and (ii) under the full liability rule:

(33) DF =

_1\10
Y 1 	 vnsin2

2n
N	

2pm
'n

(34) (pN)r 100	 , 0 < cl	 --n2
0

2(
o 

- q	 - 11.89
-n2	 n2

and

12.39, p 	 O.
n

25

(35) SF = q
n2 

- 2
21;1

p m
P	 9

(36) .*. pN7
n	 — - — — - - - - 

11

- 4,	 02
, 0 < q	 qn2 < 12.39, p

N
 > 0.50

n 	 n
12.5 - a°

-2	 qn2

In this example, the change in liability rules is sufficient to shift

both the supply and demand curves for reductions in the external economy

(see Figure 2). A change from the zero liability rule to the full liabil-

ity rule would increase both the equilibrium amount of abatement of the

external diseconomy and p
n
 (the bribe or compensation price).

III. EXTERNALITY IN PRODUCTION

Analysis of the case where both the acting and affected parties in

an externality situation are producers and where transactions costs are

zero confirms Coase's well-known result.

Let there be two firms, 1 and 2. Firm 2, the acting party, produces

the good q 2 for sale and releases a residue qn as a result of the production
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process . inputs are q 4 and q5 . Firm 1, the affected party, produces ql

for sale using an input q
3
 and suffering an external diseconomy from q

n
.

In the zero liability status quo situation, the firms' constrained

profit functions are:

for firm 1,

N 0	 -
(37) jl =	

1
Pn 1 112	 qn) P3q3

(0
q

and for firm 2, 

+2,qn) , q4 , q5
0

1 5q5 4. A

In the full liability status quo situation, the firms' constrained

profit functions are:

for firm 1,

(39) J =	 + pNq
0 

-
1	 1

q
 1	 n n pn 

(40 q
- i;

3
q

3
 + A

(0
' 711	 (In) , q3

and for firm 2,

(40) J= p q - p
N

q
0
 + n

N
2	 2 2	 n n

+

A change in liability rules changes the amount of profit a firm may

make and (if pN
q

0
 is sufficiently large) may change an enterprise from

n n

profitable to unprofitable, as Coase recognized. However, such a change

in liability rules does not change any of the first--order conditions for
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profit maximization. Hence, the supply and demand curves for abatement

of the external diseconomy are not changed by a change in liability rules.

therefore, the equilibrium output of externality is unchanged. Figure 3

illustrates the situation.

For externality relationships between perfectly competitive producers,

Coase's findings, here called the Strong Coasian Hypothesis on Optimum

1
Externality, are not rejected when transactions costs are zero)—' Failure

to reject the Strong Hypothesis of course implies failure to reject the

Weak Hypothesis.

IV. EXTERNALITY RELATIONSHIPS BETWEEN PRODUCERS AND CONSUMERS

Externality situations where both producers and consumers are involved

would seem to be an empirically important group of problems, for example,

the cases of air, water, noise, and visual pollution.

First, the case where a producer is the acting party and a consumer

is affected is considered. Since both the case of externality in production

and externality in consumption have been examined, there is no need to

develop a mathematical model for the case where the acting party is a

14/ In his unpublished dissertation (1971, pp 70-76), the author demonstrates
that where producers involved in an externality situation face inflexible
capital constraints, different liability rules result in different equi-
librium outputs of externality. The analysis is analogous to that for the
case of externality in consumption: the capital constraints change (c.f.
consumption, where budget constraints change) in response to changes in
liability rules. These changes in capital constraints result in changes
in the first-order conditions for profit maximization and hence, in
changes in the demand and supply curves for abatement at the external
diseconomy.
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producer and the affected party is a consumer. Let us assume, once again,

that the externality is an external diseconomy and that transactions costs

equal zero. I have shown that, except in the special case where income

elasticity of demand for abatement is zero, a change from the zero liability

rule to the full liability rule shifts an affected consumer's demand curve

for abatement (usually to the right). It has been shown that , where there

is no constraint on the capital available at the start of the production

period, a change in liability rules does not shift an acting producer's

supply curve for abatement. Figure 4 shows the effect of a change in

liability rules on the equilibrium bribe or compensation price p n
, and

equilibrium output of externality abatement. The demand curve shifts while

the supply curve does not. When status quo liability is zero, both the

bribe or compensation price p
n

, and the amount of abatement, (q
0 - q

n
 , at

equilibrium are lower than when the status quo is full liability.

Similarly, it can be shown that when the acting party is a consumer

and the affected party is a producer, the demand curve for abatement will

not shift in response to a change in liability rules while the supply curve

will be further to the left when the status quo is zero liability than when

it is full liability. This case is shown in Figure 5. Under the zero

liability rule, the equilibrium abatement is less and the equilibrium pn

is higher than under the full liability rule.

When transactions costs are zero, the Strong Hypothesis must be re-

jected for externality situations where both producers and consumers are
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involved (except for the very special case where all consumers involved

have a zero income elasticity of demand for abatement or of demand for

the externality-producing item, whichever is relevant). Again the Weak

Hypothesis is not rejected, as long as perfect competition conditions

prevail in relevant industries.

V. THE EFFECT OF TRANSACTIONS COSTS

Now, the likelihood that the transactions costs involved in negotiating

and enforcing market solutions to externality problems will be greater than

zero is formally recognized. Let us consider a very simple case: that where

the supply curve relating the number of transactions, measured by the number

(
of units of q0

n2 
- q

n2 
obtained as a result of successful negotiations and

,
the price (cost) of transactions, c

N
'
 is perfectly elastic to individual
n 

firms and consumers. Let p
p
 be now defined as the unit net bribe or com-

pensation received; then p
n
 + c is the amount paid to secure a one unit

n

change in output of externality.

Returning to the general model for externality in consumption presented

in the first part of Section II, note that the budget constraints (in

equations 1 and 2, or 10 and 11, depending upon which liability rule is in

operation) are different to those in equations (25 and 26 or 27 and 28),

where transactions costs are assumed to be zero.

Derivation of supply and demand curves for abatement of the external

diseconomy for the case where transactions costs are positive would follow

the analysis in our earlier example (Section II, equations 23 to 36) with
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the following changes: in the zero liability case, pn
 is replaced by

p + c
N 

on the demand side; in the full liability case, p
N 

is replaced by
n 

p
NN
+ c on the supply side. The result is not surprising: the inclusion

of positive variable transactions costs shifts the demand curve for abate-

ment down and to the left when the zero liability rule is operative and

shifts the supply curve for abatement down and to the right when the full

liability rule is enforced.

Figure 6 illustrates the result when transactions costs are included

in our earlier transactions cost-free example (Figure 2). Transactions

(
costs are assumed to be 4 per unit of q0

n2 
- qn2 obtained by market trans-

-

actions. The subscript, t = 4, refers to each case where the transactions

cost of 4 per unit is included. The superscript notation operates as in

Figure 2: Z refers to the zero liability case and F refers to the full

liability case.

The inclusion of positive variable transactions costs increases the

disparity between the equilibrium solutions obtained under the zero and

full liability status quo rules.

Now, externality in production is considered under the assumption

that transactions costs are greater than zero and the supply curve of

transactions is perfectly elastic. Inclusion of positive variable trans-

actions costs results in the following changes in the firms' constrained

Profit functions. For the zero liability case (equations 37 and 38),
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(
firms l's profit function is changed by the substitution of p' + c

N)
n	 n

for p
N
. For the full liability case (equations 39 and 40), firm 2's

profit function is changed by the substitution of p
n
 + c

N 
for p.

n	
N
n

N

When the demand curve for abatement has a negative slope and the supply

curve for abatement has a positive slope the inclusion of positive variable

transactions costs shifts the demand curve for abatement to the left in the

zero liability case , while leaving the supply curve unchanged; in the full

liability case, the supply curve is shifted to the right while the demand

curve is unchanged.

Figure 7 shows the result. When variable transactions costs are greater

than zero, the zero liability rule results in less abatement of the external

diseconomy than does the full liability rule. When variable transactions

costs are a constant amount per unit o and the amount is the same

regardless of which liability rule is in operation the bribe or compensation

price, p
N
, is the same under both liability rules. Otherwise p

N 
would be

different as a result of different liability rules.

It has been shown that when variable transactions costs are greater

than zero, the Strong Coasian Hypothesis on Optimum Externality must be

rejected for externality in consumption and externalit y in production.

Given perfect competition in all relevant industries, the Weak Hypothesis

is not rejected.

In all externality situations where the demand curve for abatement is

negatively sloped and the supply curve is positively sloped, increases in
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variable transactions costs increase the disparity between the equilibrium

outputs of externality under the two different liability rules.

The shifts in the supply and demand curves occur because the party

who receives a bribe or compensation evaluates the offer on the basis of

its net value, while the party who must pay makes decisions on the basis

of the total payment. Under the zero liability rule the demander of

(
abatement must pay p

N 
+ c

N 
per unit of abatement. The demand curve

n	 n
N,(expressed in terms of net p
n
) shifts downward when transactions costs per

unit of abatement rise; the supply curve does not shift. Under the full

liability rule, it is the supplier of abatement who pays compensation of

(
N + CN

per unit q
n

. The demand curve does not shift, but the supplyvn	 n

curve (expressed in terms of net p) shifts downward as c rises.
n 

VI. A FURTHER CONSIDERATION OF TRANSACTIONS COSTS

In the analysis presented thus far, only two assumptions about trans

actions costs have been considered: (i) transactions costs are zero, and

(ii) variable transactions costs are a constant amount per unit of extern-

ality abatement achieved. It has been demonstrated that increases in var-

iable transactions costs increase the disparity between the equilibrium

output of externality under different status quo liability rules. In

order to further consider the effects which changes in the size and shape

of the transactions costs curve would have on the equilibrium ouput of

externality, simple verbal and graphical analyses are used. For this

analysis, the simplifying assumptions used throughout are retained.
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(i) Assume transactions costs have only a fixed component; variable

transactions costs are zero.

Where only producers are involved in an externality, when there is no

constraint on capital, and when transactions costs include only a fixed

component, changes in liability rules do not change the equilibrium

output of externality. This is because increases or decreases in fixed

costs do not shift the position of the supply and demand curves for abate-

ment. However, the fixed transactions costs are subtracted from the pro-

fits of the firm which has to pay the bribe or compensation. As the amount

of fixed transactions costs increases, the likelihood increases that

one party may be forced out of business as a result of a change in liability

rules. The tendency for changes in liability rules to result in mergers

between acting and affected parties increases.

As shown above, changes in liability rules change the budget constraints

of consumers involved in externality situations and hence change the equi-

librium output of externality. Fixed transactions costs also enter the

budget constraints of one of the parties (de pending upon the operative lia-

bility rule). As the size of the fixed transactions costs increases, the

disparity between equilibrium solutions under different liability rules in-

creases. It is possible to conceive of a fixed transactions cost which is

so large that the effective supply curve or demand curve for abatement,

depending on the status quo rule in operation, may not pass through the two

dimensional space defined by 0 and p
N 

> 0. That is,
n
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the fixed transactions costs could conceivably be so large that there would

be no effective demand for abatement under the zero liability rule; under

the full liability rule, complete abatement would be supplied at even a

zero compensation price. In this case, transactions costs would be so

large that negotiated movements away from the status quo point would be

impossible.

(ii) Changes in the size of the variable element of transactions costs.

The possibility that transactions costs may be so great as to preclude

any negotiated solution to an externality situation is also conceivable

when transactions costs are composed of only variable costs. This could

occur in cases of externality in production and externality in consumption.

Figure 8 shows the equilibrium solution to a Pareto-relevant externality in

consumption under zero and full liability rules and under three different

levels of variable transactions costs. Each of the six solutions shown is

different. Figures 8(c) and 8(f) are of particular interest. In these

cases, the variable transactions costs of k per unit are so large that no

movement away from the status quo point can be obtained through market

transactions.

It is most likely that the transactions costs associated with market

transactions to realize gains from trade would have both fixed and vari-

able components. If so, the introduction of transactions costs into the

analysis would result in some combination of the effects attributed above

to variable transactions costs and to fixed transactions costs.
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(iii) Transactions costs where more than two firms or individuals

are involved in an externality situation.

The models used in this paper are all concerned with negotiations be-

tween two firms or individuals who are involved in an externality situation.

However, an externality situation may involve man y acting or affected parties.

James Buchanan and Gordon Tullock (1962), and Mancur Olson (1965) suggest that

the costs in time, effort, and other inputs of achieving concerted action by

all parties who are involved may increase as the number of parties increases.

It is argued persuasively that the costs of organizing a large group of in-

dividuals. each only peripherally concerned with this particular externality

problem, into a cohesive bargaining unit would be greater than the costs of

organizing a group which has fewer members, each more vitally concerned with

this one issue.

Where the acting party is composed of many members and the affected

party is composed of considerably fewer members, or vice versa, it may be

expected that transactions costs may be different, depending on which party

must take the initiative in bargaining. If this is so, changes in liability

rules would change the total amount of transactions costs. This would

magnify the disparity between equilibrium outputs of externality under

different liability rules.

In Figure 9, an example is considered where the acting party is a pro

ducer or a numerically small group of producers while the affected party

is a numerically much larger group of consumers. It is assumed that



42

Bribe

Price

Abatement of the External Diseconomy
(a)	 (b)

Compensation

Price

Abatement of the External Diseconomy
(c)	 (d)

FIGURE 9. EXTERNAL DISECONOMY WHERE ACTING PARTY IS A PRODUCER AND
AFFECTED PARTY IS A GROUP OF CONSUMERS, UNDER TWO DIFFERENT
LIABILITY RULES
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transactions costs are substantially larger when bargaining is initiated

by the many consumers than when it is initiated by the producers. In

this case, different liability rules result in different equilibrium out-

puts of externality, and substantially different distributions of income

among the producers, the consumers and the transactions industry.

In an example such as this, it is conceivable that transactions costs

may be so large that no negotiated movements away from the status quo

point would be possible. When the status quo is zero liability and the

group of consumers must initiate bargaining, this is more likely to happen

than when the status quo is full liability and the producers must initiate

bargaining. This may explain why negotiated solutions to industrial pol-

lution problems in residential areas are not often observed when the status

quo is zero liability.

VII. SUMMARY Ai?D CONCLUDING COMMENTS

Results of  the Theoretical Analyses 

Provided that perfect competition exists in all markets, including the

market for transactions, the Weak Coasian Hypothesis on Optimum Externality

is not rejected. This result indicates that market transactions between

involved parties in an externality situation may, at least theoretically,

take place and a Pareto-efficient equilibrium solution may be reached. This

equilibrium will be at some point other than the status quo point, unless

transactions costs are so high that any movement from the status quo point

is precluded.
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So, given a Pareto-relevant externality, regardless of the assignment

of liability one of the involved parties will have an incentive to make an

offer to the other party and an efficient solution may be achieved following

negotiations. If transactions costs are relatively high, that solution may

be to return to the status quo. And, of course, the assignment of liability

determines which of the parties has the incentive to make the offer, thus

affecting the final distribution of income between the parties.

Only one case has been found in which the Strong Coasian Hypothesis on

Optimum Externality is not rejected. This is the case upon which Coase

himself concentrated: that where both parties are producers (who are not

bound by.inflexible capital constraints15— / ) and variable transactions costs

are zero. For all other externality situations,-the Strong Hypothesis must

be rejected. That is, for all externality situations where some consumers

are involved, where production capital is scarce, or where variable trans-

actions costs are non-zero, the equilibrium output of externality is af-

fected by the assignment of liability for damages. For almost all ex-

ternality situations which can be expected to occur in practice, it is no

longer possible to claim, as has been done in the past, that selection of

a status quo liability rule affects only the distribution of income.

The knowledge that selection of the status quo point influences the

equilibrium output of externality has major implications for economic policy

dealing with externalities. Given our assumption of unchanging production

15/ I would hypothesize that further analysis would demonstrate that the
Strong Hypothesis would be rejected for all cases where operating
capital is scarce, (i.e., has a cost).
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functions and initial incomes of consumers (within the single time period),

different equilibrium outputs of externality imply (i) different allocation

of resources in production and (ii) different allocation of consumers' bud-

gets. Two solutions which have different equilibrium outputs of externality

can therefore be expected to differ in several other respects: resource

allocation throughout the whole economy, relative and aggregate price levels,

aggregate production and consumption, and the level of real income. Im-

position of liability for damages is not just something to be decided on the

sole basis of ethical considerations about the distribution of income.

Rather, it is a crucial variable for economic and social policy with regard

to externality.

The rejection of the Strong Hypothesis in most practical situations

implies that partial equilibrium analysis can no longer be considered ade-

quate for economic analysis of market solutions to externalit y . If the

assignment of liability affects such things as resource allocation through-

out the whole economy, relative and aggregate prices, aggregate production

and consumption, and the level of real income, general equilibrium models

are required to trace such effects.

Since the size and shape of the transactions cost curve have major

effects on the equilibrium output of externality achieved through negotiated

solutions, the need for empirical research into the transactions costs

curve becomes apparent. Methods other than market transactions have been

suggested for the solution of externality problems:
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for example, systems of fines and/or subsidies, and systems of emissions

standards backed up by sanctions for the disobedient. Whichever method is

used, transactions costs (the costs of obtaining and enforcing a solution)

will be encountered. Different institutional arrangements will generate

a different set of transactions costs. In any calculus of social benefits

and costs used to aid selection of appropriate institutions, transactions

costs will be an important component. Research into the costs associated

with the establishment and operation of various institutional forms should

be encouraged as essential to a well-informed reordering of national and

world priorities.

Implications for Environmental Policy 

The market approach to solution of externality problems is not with-

out its attractions. Under ideal conditions, we would expect that market

solutions are more likely to be efficient than solutions attained by

other methods. Market solutions would offer more flexibility, both over

time as conditions change and over space in response to the needs of

different areas. This flexibility is very a ppealing when viewed in

contrast to, for example, a system of nationwide standards.

Yet many of our most pressing environmental problems provide situations

which are far from ideal for solution through market transactions. In par-

ticular, air and water are both often common property resources. So, market

solution of air and water pollution problems is likely to involve massive

transactions costs. In view of the advantages that market solutions appear
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to offer, it seems justifiable to recommend that funds be invested in

research aimed at a greater empirical understanding of transactions

costs and at the development of institutional forms which minimize trans-

actions costs. If such institutions can be developed, we may be able, at

last, to gain some of the benefits that seem to be offered by the market

method of solving externality problems.

The theoretical analyses above suggest a further approach to the use

of market solutions. The demonstration that market solutions to external-

ity problems are not allocatively neutral with respect to liability rules

may provide some explanation for what has been the major practical objection

to market solutions; they are very seldom observed in practice. In the past,

laws with respect to externalities such as environmental pollution have been

lenient, seldom and ineffectively enforced, or both. In a majority of cases,

something approaching a zero liability rule has been in operation. Our an-

alyses have demonstrated that the zero liability rule is more likely than

any positive liability rule to result in zero or low levels of abatement.

Therefore, it should be possible to both increase the occurrence of market

solutions and achieve higher levels of environmental q uality by converting

our liability rules to full liability or some intermediate position.

Such a radical change in our liability rules would surely improve the

environment, but it would have many other effects. We can predict that

income would be transferred from polluters to affected parties and resources

would be reallocated toward pollution abatement and production of commodities
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by low pollution processes. Macroeconomic variables would be affected,

as explained above. A second recommendation is for investment in

research to elucidate the full effects of conversion to the full

liability rule.

Following completion of research into the operation of a full lia-

bility rule and the reduction of transactions costs, it may prove desir-

able for governments to simply set a full or intermediate liability rule

and allow market solution of many externality problems such as environ-

mental degradation. The option would remain to set standards to handle

problems which proved intractable to market solution.

Decisions such as those discussed above cannot be made in a well-

informed atmosphere, however, until the recommended research has been

funded and completed.
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