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OQutline of the Study.

In the present study consisting of six separate papers we examine some
aspects of prices and values in incomplete markets and the economic
efficiency of profit— or value-related decision criteria for production

decisions in incomplete market economies.

An economy with incomplete markets 1S an economy where the set of

existing markets - the market structure - is effectively constraining

the opportunity sets for consumers. The market structure will always be
incomplete if markets do not exist for all commodities entering into the
preference structure of consumers (as in the case of quantity rationing).
More generally, the market structure will be incomplete if all points

in the consumption set for consumers cannot be generated as linear com-
binations of market goods. This will generally be the case if market
goods (objects of trade) differ from the ultimate objects of consumers'
satisfaction (objects of preference) such that the set of market goods

does not span-the whole consumption set for consumers.

It may be instructive to give some examples of situations with incomplete

markets:

(1) Commodity bundling and tie~in sales, i.e., cases where firms sell their
goods in packages. Examples are numerous: sporting and cultural organizations
offer season tickets, restaurants provide complete dinners comnsisting of many
separate dishes, travel agencies offer inclusive tours, etc,... More generally,

markets trading in composite goods will be incomplete if the set of composite
goods does not span the commodity space.

(ii) 1In financial market theory under uncertainty one starts from the
premise that consumer preferences over financial assets (objects of trade)
are derived from preferences over certain basic characteristics of asset
returns (objects of preference); e.g. their means and variances, or the
asset returns under each state of nature, etc. If there are more different
characteristics than assets with linearly independent return characteristics,

the financial market structure is likely to be incomplete.

(iii) Allowing for variable product quality and product differentiation,
it seems natural to assume that there are certain aspects, or characteristics,
embodied in market goods entering into consumers' preferences so that a

market good of a given quality may be considered as a package of such



characteristics. The most extreme in this respect is the "hedonic"
approach to consumer demand theory which is built on the premise that
it is exclusively the characteristics of goods rather than the good
itself which are the ultimate objects of consumer satisfaction. Thus,
if there are more characteristics than market goods with linearly in-
dependent characteristics, the market structure will be incomplete in
the sense that it will comstrain the choice of consumers in the space

. N J
of characteristics.

(iv) A problem related to the completeness of markets arises in the
theory of local public goods. Consider a set of communities (or clubs)
offering a certain package of local public goods to their members. If
there were many communities with differentiated local public serviges to
their members, an individual may obtain a vector of public goods close to
his likings by sharing his time between several different communities
("voting by feet"). Clearly, the individual opportunity sets will be
larger the larger is the number of communities with different public

goods supply.

Incompleteness of markets will of course in most cases be due to increasing
returns to scale relative to market size. In that respect, fixed marketing
costs will be as important as indivisibilities in the production technolo-
gies. In some cases one may find that firms use commodity bundling and
tie-in sales in order to extract comsumers' surplus. In such cases fixed
costs of merchandising may serve as barriers to entry conserving the in-

complete market structure.

One has to be somewhat careful in defining the efficiency concept under an
incomplete market structure. The market allocation of resources and market
goods may be efficient relative to a given and possibly incomplete market
structure. Hypothetically, ome might, however, obtain an allocation being
better in the Pareto sense if one could reorganize the market structure

in such a way that consumers' range of choice were increased. Hence, one can
define efficiency in a constrained - or second best - sense, i.e., relative
to a given incomplete market structure. This will also be the approach
taken in the present study, that is, we shall restrict the efficiency con-
cept to the set of attainable allocations given by the nature of existing
markets. Hénce, the market mechanism will be said to allocate goods and
resources efficiently if it can do as well as a central planmer aiming at

Pareto efficiency and being constrained to allocate goods and resources



through existing markets. If fixed marketing costs and costs associated
with organizing and running markets were explicitly considered, the
second best allocation relative to an incomplete market structure may

not be so far from the maximum maximorum after all.

When the incompleteness of the market structure is effectively comstraining
the opportunity set for consumers, the particular market structure becomes
part of the infrastructure of the economy and decisions affecting the
incomplete : structure of markets willbe in the nature of infrastructural
decisions. In the present study we shall explore some ecomomic aspects of
such infrastructural decisions in different-contexts.

The assumption of price=-taking behaviour is basic to the efficiency of
decentralized market behaviour. However, if productiorn decisions affect
the incompleteness of the market structure, the notion of price-taking
market behaviour becomes somewhat blurred as production decisions may
change consumers' opportunity sets even for given commodity prices. In
that case a production decision will create market opportunities not
previously available in the market and it is not clear what price-taking
should mean in that contaxt as the market valuation of these new opportuni-

ties will be known to the producer only after the decicion is made.

There is a close analogy between the presence of many close substitutes

and the presence of many coumodities relative to the number of characteris~
tics. 1In particular, with as many linearly independent commodities as
characteristics (complete markets) there would exist market opportunities
representing a perfect substitute for any new commodity or new models of
0ld commodities. In that case the market valuation of the corresponding
perfect substitute could serve as the competitive price. In incomplete

markets such perfect substitutes may not exist.

Indeed, one may look at incompleteness of markets as a market failure
caused by non-convexities and inéreasing returns to scale in the production
and marketing of goods. With economy-wide decreasing returms to scale
there would exist a market for any good in positive demand so that the
incompleteness of markets may be considered as just aznother example of the
fact that increasing returns to scale choke off competition. It may,
therefore, at the outset seem somewhat paradoxical to lock for workable or
meaningful definitions of competitive behaviour in incomplete markets as

the very reason why markets are incomplete may be due to non-counvexities



and absence of perfect competition. This is also confirmed in the present
study where we show that if firms' production decisions change the
attainable set of market opportunities spanned by existing market goods,
there does not in general seem to be any meaningful definition of

price~taking behaviour for profit- or value~maximizing firms.

More specifically, the present study dea;§ with some properties of

market values in incomplete markets and with the efficiency of the market
mechanism based on profit- or value-maximizing behaviour by firms.

In the first two papers we examine the exchange of risky returns in compe-
titive financial markets trading in risky securities. Risk is in this
context defined in terms of uncertainty about the economic environment
(nature). Assuming a finite and discrete state space a risky security is
characterized by a return vector with components being the returns under
each state of nature. The objects of preference are in this context state-
contingent returns while the objects of trade are shares or claims to
risky return vectors. Thus, if there are fe&er'seéurities with linearly
independent returns than states of nature, the financial market structure

is incomplete.

In this model firms' financial decisions will change the incomplete nature
of the market structure - and hence be of an infrastructural kind - if there
is thereby created securities with return vectors not previously obtainable
as linear combinations of existing securities. In the first two papers we
examine the possibilities for aggregation of risky securities in financial
markets and we show that if the conditions for global aggregation are
satisfied, financial decisions affecting the incomplete nature of financial

markets will have no effect on equilibrium prices and values.

In the third paper we focus attention on the efficiency of value-related
investment criteria under uncertainty, and we show that if financial markets
are incomplete, there will in the general case be external effects associated
with firms' investment decisions under uncertainty which will not be fully
reflected in changes in firms' stock market values pointing to likely in-
efficiency of decentralized market behaviour based on stock market value
maximization. These external effects will occur if firms' investment
decisions change the feasible range of choice for portfolio returns

spanned by the existing financial éssets. We show, however, that if the
conditions for global aggregatioﬁ in financial markets are satisfied, these

externalitites will be evaluated equally by all shareholders.



In that case shareholders will be unanimous as to the social value of a
given investment and we can endow the firm with the preferences of an
arbitrary shareholder and the market value of an investment computed

at prices equal to the marginal rates of substitution for that shareholder,

will capture the true social value of the investment.

The model of firms' investment under uncertainty lends itself quite naturally
to the study of quality choice and product differentiation under certainty.
Indeed, a unit of a commodity of a given quality may be considered as a
vector of characteristics - or attributes - and we postulate that consumer
preferences are basically defined on the set of such characteristics and
that firms' production technologies allow for substitution between charac-
teristics. This idea is introduced in paper 4 and elaborated further in the
last two. In paper 4 and 5 we assume a linear relatiouship between bundles
of market goods and bundles of characteristics while the last paper is ex~

tended to non-linear relationships.

Clearly, if there are many more characteristics than market goods, the
market structure will be incomplete so0 that the aumber of commodities and
their particular characteristics will effectively comstrain consumers'
range of choice in the characteristics space. Thus, if the characteristics
composition of any one good is changed, this will in gemeral change this
commoﬁ»range of choice for all consumers so that decisions on product
quality will have externmal effects which may not be fully reflected in
firms' marginal revenues with respect to product qualities. The last

three papers are devoted to the study of the efficiency of the market
mechanism guided by the profit motive in determining product quality and
product differentiation, It 1s shown that quality choices set under the
pressure of market forces will in general not be in the consumérs' interest
and in paper 5 and 6 we derive sufficient conditions for profit-maximizing
quality choices to satisfy the necessary conditions for Pareto efficiency
under linear and non~linear relationships between market goods and

characteristics, respectively.



ON THE ADDITIVITY OF MARKET VALUATION OF RISKY INCOME STREAMS.

In this paper we shall examine under what circumstances the equili-
brium market value of a sum of risky income streams will be equal to
the sum of the market values of the comnstituent risky income streams
in a competitive stock market. Some authors in the field of business
finance seem to believe that the stock market values of risky income
streams will always be additive in the above sense regardless of the
structure of preferences and the nature of expectations in the market.
See [4], [6] and [7]. However, the additivity property of market
values in a competitive stock market does not hold in general. More
precisely, the additivity property only holds for a special class of
preferences, the generality of which depends upon whether there exists
a riskless income stream in the market and morecver, homogeneous expec—

tations are necessary for the additivity of stock market values to obtain.

We shall use the following notation:

0 = the set of possible statas of the world
8eQ = a typical element of QR.{8} is a finite partition of the state

space {} and we assume that s is the finite dimension of @, i.e.,
s is the number of possible states of the world.

ni(e) = the discrete subjective probability density function defined on
Q for the i-th individual (i=1, ..., m), i.e., we allow for the
possibility of heterogeneous expectations.

xj(e) = the risky income streaml) j, (=1, ...,n). We consider a one-

period model such that the risky incomes are supposed to materia-
lize at the end of the period. xj(e) is of course to be inter-

preted as the income of income stream ] if state 8 occurs so that

l)The term "income stream”" is not quite appropriate here since we are con-
sidering a one-period model. However, to generalize the results to
income streams stretching over more than onme period would be technically
straight forward. The crucial thing is that the model is static in
the sense that trade takes place once and for all at the market date.
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each risky income will be a vector with at most s non-zero
components. We assume that all such income vectors are
linearly independent and the s-component vector

[Xj(l), cees Xj(s)] will be denoted Xj(éj

{Xl(é), cees Xn(é)} = the set-of exogeneously given risky

income streams.

the initial endowments of the i-th individual, i.e., the wi(e)

represent the initial ‘distribution of income prior to trade.
the price as of to-day for a unit of income in state §.

the total social endowment in state 8.
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@
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the market valuation functional which is a mapping from

the vector set § to the positive real line. That is
V(X.(8)) = Vj where Vj is the market value of income stream
X.(8).

J( )

We shall first examine the additivity property of the market valuation

functional V in an Arrow-Debreu market, i.e., a market where risky incomes

are traded by exchange of Arrow-Debreu securities. We are interested in

laying down necessary and sufficient conditions for V to be additive in

terms of properties of the individual preferences along their demand

schedules.

After that we shall examine what kind of restrictions, if

any, we have to impose on the preferences in order for the conditions

for additivity to be met in a competitive stock market.

The objects of exchange in an Arrow-Debreu market are claims to income

in different states of the world, i.e., state-contingent claims, the

L)

basic units of which, so~called Arrow-Debreu securities™’, are defined

such as to pay one unit of income to the holder if a particular state

occurs and nothing otherwise. Clearly, there are as many Arrow-Debreu

securities as there are states of the world.

1

See for instance Arrow [1].



We consider a pure exchange economy so that the total amount traded must

be equal to the total social endowment, i.e.,

[ e =]
e
—~
D
~
[]

[ e =]

w.(9), 8eq
1t ’

7

By definition of value the market value of a risky income stream in an

Arrow-Debreu market is given by Vj = V(Xj(é)) = zq(e)xj(e).
8

Thus, a necessary and sufficient condition for the market valuation func-
tional to be additive in an Arrow-Debreu market is obviously that the prices
of income in different states be unchanged when income streams are added
together or linearly combined in the market. We shall argue that this is

trivially true in an Arrow-Debreu market.

We let di(e) denote the i-th individual's demand for income in state 9.
Each individual's demand pattern for income in different states is a

vector with s components. We denote the set of all feasible demand

vectors by T, i.e., T is the set of feasible trades in the market. The

set of feasible trades is determined by the social endowment vector or
more precisely, T ={d(8)]d(8) S 2(8), 8eQl. The Arrow-Debreu securi-
ties defined as the s unit vectors e(8) where e(f) gives one unit of income
if and only if state 6 occurs, will clearly span the set of feasible trades
so that any feasible trading point in T can be obtained as a linear combi-
nation of the Arrow-Debreu securities. Since the set of feasible trades
only depends on the social endowment in each state, the individual oppor-
tunity sets will be independent of the operation of comBining income
streams in the market implying that demands and prices must remain un—

changed.

Assuming that individuals rank risky income streams according to expected

utilityl), the individual demand functions are determined by

Max g ﬂi(G)Ui(di(e)) i=1, ..., m

1

The individual utility functions are assumed to be strictly quasi~concave
so that the first-order conditions define a maximum.



subject to the budget constraints

Lq(8){d; (8) - w. ()] = o.
8

The first-order maximum.conditions are given by

(1) Wi(e)Ui(di(e)) =@Aiq(6); for all 9efl., and for all i

i 7

wheré‘Ki is the Lanéféngian«multipliei which of coursé has the usual

D

interpretation of expected marginal utility of initial wealth.

Condition (1) can be restated in terms of marginal rates of substi-

tution between income in different states, say r and s:

2 T (DU (4, (r)) e

“i(S)Ui(di(s)) q(s)

, for all 1i.

(2) says that along the individual demand schedules the marginal rate
of substitution between income in different states of the world be

equal for all individuals and equal to the relative prices.

Regardless of the structure of preferences and the nature of expectatioms,
the market valuation functional will have-a very simple general form in

an Arrow-Debreu market. To see this observe that Zq(8) = q is to-day's
8

price for a unit of certain income at the end of the period (qO = T%;

where r is the rate of interest)z) so that A, = Z m,(0)U!(d.(®))/q,-
A : i g1 il 0

This gives

q.T. (8)U! (4. (8))
q(®) = 01 r 2 for all i.
gﬂi(e)Ui(di(e))

by
2)

We assume non-satiation so that Ai > 0 for all 1i.

This means that the riskless income stream yielding l+r in each state
of the world is a numeraire good in this economy,



10.

UL (d;(8))

Iny ()0} (@ (®))

Define M.(8) =

Considering the risky income stream Xj(§) its market value is defined

by

V(Xj(e)) = gq(e)xj(s) = q, gﬂi(e)Mi(e)Xj(e)-

Observing that Zwi(e)Mi(e) =1 and recalling 9 2 1/(l+r) we have
8

= z 1 .
Vj = V(Xj(e)) = T:?{Ei[xj(e)] * C°V1[Mi<e)’ Xj(e)]} for all i,

where Ei and Covi are the expectation and covariance operators for the
i-th subjective probability distribution and where we have utilized the
fact that Cov(X,Y) = E[XY] - EXEY. Consequently, in an Arrow-Debreu
market the equilibrium value of a risky income stream can always be ex-
pressed as a function of its discounted expected value and a risk term
depending on the covariance between the risky income and a markat variable

Mi(e) in general different for different individuals.

When restricting exchange of risky income streams to other market structures

L)

than the Arrow-Debreu market, it is clear ' that a necessary and sufficient
condition for market valuation of risky income streams to be additive under

a given market structure, is cﬁac individual marginal rates of substitution

- between income in different states depend only on total income in each

state and not on the particular pattern of risky income streams. That means
that individual exchange optima must remain unaffected when risky income
streams are linearly combined as long as total social endowment in each state
remains unchanged. But this can only be true if the equilibrium allocation
in an Arrow-Debreu market is attainable under the specific market structure

given. Thus, for the market value to be additive in the sense that the

i
Sufficiency is obvious and necessity follows from the fact that if
individual demand prices for income in different states (for a given
numeraire) depend on the pattern of risky income streams, these indi-
vidual demand prices for state-contingent incomes would change when
risky income streams are merzed and hence market values would
change too.

1)
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value of a sum of risky income streams equals the sum of the values
of these incomes, the market must generate the same price and demand
structure as would an Arrow-Debreu market for a given set of prefer-—

ences and expectations.

We formalize this in a theorem which for the sake of reference will be

called the Market Valuation Theorem:

A necessary and sufficient condition for the market valuation
functional to be additive is that the marginal rates of sub-
stitution between income in different states be the same for

all individuals and remain equal to the relative prices.

This is indeed an aggregation property since we can always form aggre-

gates if relative prices remain constant.

We shall now examine the properties of the market valuation functional
V in a competitive stock market, i.e., a market where the exchange of
state-contingent incomes is restricted to take place by means of
trading in shares of the existing income streams. We let aij denote
the proportion of income stream j held by the i-th individual. First
of all we note that the objects of exchange in a stock market are not
income in different states but shares of income patterns across the
states of the world. By the same token we could think of the various
income streams as composite goods where the constituent commodities

are income in different states.

We make the rather realistic assumption that the dimension of the

state space { is larger than the number of linearly independent in-
come streams (s > n). But this means that the set S of income vectors
Xj(§) cannot possibly span the s-dimensional space I of feasible trades
defined above. Consequently, some feasible trades in an Arrow-Debreu
market will be infeasible in a stock market, i.e., there exists vectors
[di(l)’ ceny di(s)] which are inexpressible as a linear combination of

L)

the risky income streams. -Restricting exchange of income streams to

1)If s<n, we see that a stock market would generate the same set of

feasible trades as an Arrow-Debreu market and the two market struc-
tures would in fact be equivalent.
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trading in stock markets may therefore mean a considerable narrowing down
of the set of feasible trades, the extent of which depends upon the maxi-
mum number of linearly independent income vectors compared with the dimen-—
sionality of the state space. Therefore, there should be no a priori
reason to believe that the additivity of the market valuation functional
should be preserved in a stock market since merging income streams in

the market reduces the set of feasible trades and consequently leaving

less room for diversification of the individual portfolios.

We now pose the question under what conditions the market valuation func-
tional will in fact be additive in a competitive stock market trading in
shares of risky income streams. From our Market Valuation Theorem we

derive

- Corollary 1: -

If there are more states of the world than linearly independent
income streams, the market valuation functional defined ou the

set of risky income streams traded in a competitive stock market
will be additive if and only if there are homogeneous expectations
in the market and the individual utility functions satisfy the

1)

following conditions

(i) 1If a riskless income stream does not exist,
-1
Ui(x) =x ' . for all i

(i1) If a riskless income stream does exist

“B.
e 1
U{(x) = ¢ -1 for all 1
B. +vx) !
.

1 ‘- . ' . . .
)These utility functions are of course unique only up to increasing
linear transformations.
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Proof:

We know that the market valuation functional is additive if and only
if the premises for the Market Valuation Theorem are satisfied. But
that means that the optimality conditions (1) or (2) must be satisfied
in the stock market. Consequently, the i=-th individual's demand for
income in state 8 must be expressible‘as a linear combination of the

available ‘income . streams, i.e.,

n
(3) di(e) =7z

a..X.(6) + m. for all 8e
; ii’] i

1

where aij is the optimal proportion of the risky income stream j
held by the i-th individual and m; is the i-th individual's demand

for riskless income (mi and aij are of course independent of 8),

From the first—-order conditions (1) we have that for the market valuation
functional to be additive in the stock market it is necessary and suffi-

cient that the utility functions satisfy
l'_... ! = 1 ' .
(%) li ni(e)ui(di(e)) x;-wl(e)Ul(dl(e)) for all e and for all i

where di(G) must be of the linear form (3) and where the Ai are expected
marginal utility of initial wealth. First of all we note that (3) and
(4) cannot hold true unless ni(e) are the same for all i so that homo-
geneity of expectations is clearly necessary for the additivity property
to hold true in the stock market. We can demonstrate this by means of

a simple counter—example. To keep things as simple as possible, assume
one risky income stream X(8), one riskless income in the. amount of M and
three states of the world, 6=1, 2, 3. Moreover, assume there are two
individuals and let individual 1 hold the share o of X(8) and the amount
m of the riskless income. The other is then holding (1-0)X(8) and M-m.

Assume (3) and (4) hold for heterogeneous expectations. That means

= T (O)UI(aX(8) + m) = = T, (U ((1-0)X(®) + M - m), 6 = 1,2,3.
1 2

This is a system of three equations in two variables & and m and con-~

sequently overdetermined so that it does not have any solution unless
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all equations by chance should intersect at the same point. This can
always be avoided by a suitable choice of subjective probabilities, For

if the above equations are satisfied for some class of utility functions
and some set of probability distributions possibly different for the two
individuals, then the above equations must be satisfied for any set of
probability distributions for this partiéular class of utility functions
since otherwise probabilities and preferences would not be separable,
Consequently, we are free to choose any subjective probability distribution
and let us assume that Wl(l) > ﬁl(Z) > ﬂl(3). Assume moreover that

X(1) < X(2) < X(3). Decreasing marginal utility implies that

1 f 1 Y 1 1 '
}q n‘l(l)Ul(aX(l)ﬂn) > E wl(Z)Ul(aX(Z)ﬂn) > 1—]-- 171(3)U1(0.X(3)_+m)_.

Choosing Wz(l) = WZ(Z) =g/2, W2(3) =1 -¢g, Q<eg <1, then we will have
for sufficiently small £ that

1‘8 ] £ t .

-T; Uz((l—a)X(3)+M-m)) > EXE\UZC(I—Q)X(2)+M-m)
contradicting condition (4). This counter—example demonstrates the neces-
sity of homogeneous expectations for (3) and (4) to hold true for all 8eQ.

Consequently, condition (4) reduces to

t = r £ $
(5) k.Ui(d,(8)) ql(dl(e)) for all 6eQ and for all i
where the proportionality factor ki is given by Allki.

In an Arrow-Debreu market prices and demand will only depend on total

social endowment in each'state and not on the particular pattern of risky
income streams making up the total endowment. That means in particular that
any zero—-sum redistribution of income among risky income streams must

leave individual demand and prices unchanged if total social endowment

and the initial distribution of income remain unchanged. But this can |
generally be true if and only if aij are the same for all j. Hence, if

the necessary conditions for exchange optima as given by (1) are to hold

true in a stock market, the equilibrium demand vectors must be of the form

(6) di(e) = aiz(e) *+m; for all i and for all 8eQ,
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If the valuation functional is to be additive in the stock market,

(5) and (6) must hold for any distribution of total social endowment
and for any initial distribution of income. To generate the para-
meters of the utility functions satisfying (5) and (6) we differentiate
these conditions with respect to total social endowment Z(8) and with
respect to the proportionality factor ki since the Lagrangian multi-
pliers will be continuously differentiable functions of initial wealth.

This gives
1t = 11 1
kiUi(di(e))ai Ul(dl(e))a1 and

Ui(di(e)) + kiUg(di(e))[aiiZ(e) + mii] , for all 6efl and for all i.

= U (d; (0))[0;2(8) + m; ]

where g and m_ denote partial derivatives of a and m with respect
to k_. Substituting from the first equation into the second, using

the fact that Z(8) = [di(e)-—mi]/ai and rearranging gives

) U:(d,(8))

(7) L - y.d.(8) + B,
' i1 i
Uy (d, (8))
®5i %4
where YiEk Gt
i 1
. . .
- 11 711 _ 1
B; = ki[(_al . m +myy & m ;)

If no riskless income stream exists in the market, the constant term
Bi in (7) is clearly restricted to zero and except for a constant of
integration the only solution of the differential equation (7) is given

by

, “l/Yl
®) Ul (d;(8)) = (4;(8))

If a riskless income stream does exist, Bi will be unrestricted and

(7) will have the following solutions
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1

i ' for Y; = 0

(9) Uid;(8) = -1/v,

|; +v;4;6) * otherwise

K

This concludes the necessity part of the proof. As for sufficiency, .
assume that we have homogeneous expectations and that the utility

functions belong to the class (8) or (9). It is then easy to verify
that. (5) and (6) are satisfied if and only if the Bi is the same for

all i and this completes the proof.

Consequently, we see that if no riskless income stream exists, the only
utility functions yielding additive wvaluation functionals in the stock
market are the constant relative risk aversive utility functions.l)
If a riskless income stream does exist, this class is enlarged to contain
all the linear risk tolerance utility functioms which include the constant
relative risk aversive and the constant absolute risk aversive utility

2)

functions as special cases., Also, we observe, not surprisingly, that

the utility functions listed in (i) and (ii) are those for which the stock
3)

market brings about an unconstrained Pareto—optimal allocation of risk.

Homogeneity of expectations is, however, also necessary for this to hold.

What makes trouble for the additivity property of the market valuation
functional to be preserved in the stock market is the fact that if the con-
ditions (i) and (ii) of Corollary 1 are not satisfied and/or different in-
dividuals have different probability assessments for the various states of
the world, the market will not in general equate the marginal rates of
substitution between income in different states of the world for different
individuals implying that relative prices for state-contingent income
common to all individuals in the market do not exist. Individual exchange
optima are in that case constrained in various ways by the particular

pattern of the risky income streams and merging risky incomes will affect

l)The relative risk aversion function is defined as -U"(x)x/U'(x),

2)'I‘he absolute risk aversion functidn is defined as ~U"(x)/U'(x) and the

risk tolerance is defined as the inverse of the absolute risk aversion.

3)See i.a. Borch [2] and Mossin [6].
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the individuals' relative demand prices for state-contingent income
which indicates that aggregation is not possible. In that case
there should be no reason to expect that the value of a sum of two
income streams should be equal to the sum of their wvalues unless

they are perfectly correlated.

From (6) we have .that for the class of preferenées defined in
Corollary 1, each individual will in equilibrium hold the same share
of all risky income streams. If all risky income streams were added
to form a mutual fund, the set of feasible trades would shrink dowm

to scalar multiples of the social endowment vector 2(5).

However, all individuals can obtain precisely the same pattern of
income across the states of the world as before by holding &, of the
shares of the mutual fund. 1In this case shares of the various income
streams can be considered as being perfectly complementary. To take
an analogy from the market for consumer goods, the equilibrium prices
for pairs of shoes should not change if right and left shoes were sold

separately in a perfect market with no transaction costs.

Portfolios consisting of equal shares of all risky income streams may

be called perfectly balanced portfoliocs. Clearly, the equilibrium

portfolios will be perfectly balanced if and only if there are homogeneous
expectations and the utility functions belong to the class given by (i)
and (ii). Consequently, the market valuation functiomal will be addi-
tive if and only if the equilibrium portfolios are perfectly balanced.
This result can be proved in a more direct way than Corollary 1 by just
studying the effects on the individual opportunity sets from adding

or splitting up risky income streams. Certainly, if adding or splitting
up risky income streams in the market shall have no effect on their

equilibrium prices, the individual demand vectors must be left unchanged.

Let us assume that two risky income streams are merged into one.

That means that the set of feasible trades shrinks down to a hyper-
plane in the n-dimensional Euclidean space. If the individual demands
shall be independent of merging two arbitrary income streams, the
individual demand vectors must be contained in the intersection of all

such hyperplanes formed by adding two arbitrary income streams. It is
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trivial to verify that the intersection of all such hyperplanes does

n -
only consist of vectors of the form A I X.(6), where A is some scalar.
j=1 |

Hence the individual portfolios must be perfectly balanced., Certainly,
the same applies if the set of feasible trades is mapped into a sub-
space of dimension n - k + 1 by merging 4n arbitrary number k of the

. p . . 1
original risky 1income streams into omne.

As for splitting up the existing risky income streams into substreams,
it is clear that if the splitting up were carried far enough, we would
end up with as many linearly independent incomes as there are states of
the world in which case the additivity property holds trivially in the
stock market. Otherwise, the above reasoning still applies. That means
if a risky income stream is split up into an arbitrary finite number of
substreams, the sum of the equilibrium values of the substreams will
equal the equilibriuﬁ value of the original stream if and only if the

equilibrium portfolios are all perfectly balanced.

We may also define additivity of the market valuation functional in a more
local sense by restricting it to a subset of the risky income streams. For
example V(an(§) + BXk(g)) = aV(Xj(§)) + BV(Xk(é)) for arbitrary scalars

@ and B, if and only if the income streams j and k enter all individual
equilibrium portfolios with equal shares. Again, if the market value is

to be additive on the whole set of risky incomes, all the risky incomes
must enter the individual equilibrium portfolios with ESEEL shares, that

is, perfectly balanced portfolios.

The property that all relevant market opportunities can be spanned by
the riskless income and an aggregate of all risky income streams (a
mutual fund) such that each individual can obtain his most preferred
pattern of income over states of the world by holding a certain share of
the aggregate risky income stream and the rest of his initial wealth in

the riskless income, is known as the market separation property.

1)

A more general formulation would be to reorganize the original risky
incomes into, say, m mutual funds (m < n) and the equilibrium value

of the mutual funds would be equal to the equilibrium values of the
constituent risky incomes (assets) if and only if the equilibrium port-
folios are perfectly balanced.
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Separation in the individual's portfolio choice means that the optimal
portfolioc decisions can be broken down into two stages: First one
determines the optimal asset proportions of the risky portfolio (which
will be independent of initial wealth) and then one allocates initial
wealth to the riskless asset and the risky portfolio in an optimal
way. Clearly, linear risk tolerance and homogeneous expectations are
necessary and sufficient conditions for market separatidn to obtain.l)
Also market separation implies separation in the individual portfolios.
In order to see this, let 6ij be the share of initial wealth W, allocated
to the risky portfolio, that individual i allocates to the j~th risky
asset (j-th risky income stream). That is,cS]._j = aijVj[(Wi-mi) where Vj
is the market value of the j-th risky income (with the riskless income

as numeraire). The asset ratios in individual i's risky portfolio are
then given by Gijléik = aijVj/aika. Assuming market separation equili-
brium portfolios must be perfectly balanced and hence 6ij/6ik = Vj/vk

for all i. That means that asset ratios in the risky portfolioc must

be equal to the market value ratios of the risky assets. Hence, asset
proportions in the individual risky portfolios must be the same for all
individuals and thus independent of initial wealth. That means also

that in this case the price structure of risky assets must be independent

of the distribution of initial wealth,

Letting aij be the demand for risky asset j by individual i in terms of
the numeraire, it is clear that asset shares in the risky portfolio will
be independent of initial wealth if asset demand functions take the

form

35 T Hij "
where Mg and ”ij are independent of Wi and uijnik = uiknij for all }
and k and as shown in [3], asset demand functions linear in initial wealth
is also necessary for separation. In that case asset shares in the risky

portfolios are given by

1)

For a more detailed discussion on market separation, see Cass and
Stiglitz [3].
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s . 3 _ nij<uij/nij+wi) i nij . Mij
i Eaik g /MWy Sy B

Moreover from the fact that equilibrium portfolios must be perfectly

balanced we have that

.. . V. )
a2l =1l Vl for all 1
ik ik Hik Yk

and hence the parameters uij and ”ij must be independent of i. Thus,

market separation implies that asset demand functiouns are of the form

10 a.. = yu. +n.W.

(10) 1 =M .nJ :
with ujnk = uknj. Hence, if uj = 0 for ome j, it has to be zero for all
j and the same must hold for nj. Thus, linear asset demand functions of
the form (10) is a necessary condition for market separation and hence
also for additivity of stock market values and together with homogeneous

1

expectations it can also be shown to be sufficient. We can then state
necessary and sufficient conditions for additivity of stock market wvalues

in terms of properties of asset demand functioms.

Corollary 2:

If there are more states of the world than linearly independent
income streams, it is necessary for additivity of stock market
values that individual asset demand functions are linear in ini-
tial wealth and taken together with homogeneous expectations this

is also sufficient.

.e . . ‘
)If nj = 0 for all j, demand for risky assets will be completely wealth-

inelastic and the utility function must exhibit constant absolute risk

aversion. If uj = Q for all j, demand for risky assets has a unitary

wealth elasticity and the utility function must exhibit comstant re—
lative risk aversion. In the general case it can be shown (see (3])
that asset demand functions linear in initial wealth implies that
utility functions must exhibit linear risk tolerance.
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As noted earlier, additivity of stock market values may be considered
as an aggregation property and in particular, linear risk tolerance
utility functions will imply homogeneous separation in the risky assets
in which case we already know from conventional consumer theory that
two-stage budgeting will be optimal which in the portfolio context is
the same as portfolio separation. Also, the conditions of Corollary 2
correspond to the general conditions for aggregation over consumers

in commodity markets, namely, linearity and equal slope of individual

Engel curves.

Finally we would like to point out yet another implication of our

Market Valuation Theorem:

Corollary 3:

If there are more states of the world than securities with
linearly independent returns, the market values of firms in

a competitive market for stocks and bonds will be independent
of their capital structures in case of default risk if and only
if there are homogeneous expectations in the market and the

1)

conditions (i) and (ii) of Corollary 1l are satisfied.

Ptoof:

Consider gross earningsas being divided into two risky income streams,

one going to the shareholders and the other to the bondholders, Corollary
1 implies that the total market value of a firm is independent of how

the gross earnings are split up into the two substreams and the result

is immediate.

2)

The widely held opinion™  that in a perfect capital market the market

values of firms are independent of their capital structures is therefore

1)'I'his is the Modigliani-Miller theorem for the case of a non-zero default
risk in each firm. See [5].

2)See i.a. Fama and Miller [4], Mossin [6] and Schall [7].
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not correct in general. From a theoretical point of view the perfect
capital market assumption is not sufficient to make market values of
firms independent of how they have been financed. In fact, homogeneous
expectations and condition (i) and (ii) of Corollary 1 are taken to-
gether both necessary and sufficient for the market values of firms to be
independent of their capital structures in the case of risky debt.

The set of feasible trades in a market for stocks and risky bonds and
thus the individual opportunity sets will be dependent on the financial
arrangements in the various firms. It follows from this that in general
the productive and financial decisions of a firm cannot be separated.
More precisely, homogeneous expectations and condition (i) and (ii) of
Corollary 1 are necessary and sufficient for separation of financial and
productive decisionS in the case of a non-zero default risk in each firm.l)
To give an intuitive explanation for this, we recall the fact that if
there are homogeneous expectations in the market and (i) and (ii) of
Corollary 1 are satisfied, each individual will in equilibrium hold the
. same share of all the risky assets in the market (including risky bonds).
Then it is ohvious that the relevant individual opportunity sets must be
independent of the specific capital structures in the various

firms. That means that in this case each individual can obtain his pre-
ferred distribution of income over the states of the world for any set

of financial arrangements so that changing the firms' capital structures
will not change the individuals' demand for income in the various states
of the world and comsequently prices and values must remain unchanged.

It follows. from this that, however determined, the market value of a

particular firm must be independent of its specific capital structure.

As is well known, if one imposes the restriction of a zero default risk
in each firm for all relevant debt levels, the irrelevancy of capital
structures for the market values of firms in perfect capital markets will
hold qdite universally without imposing any restrictions on the structure
of preferences and the nature of expectatious. This result can be given

a very intuitive explanation within the context of the present paper,

I)The separation theorem of Fama and Miller [4] is therefore not generally

correct unless one imposes the quite restrictive conditioms of
Corollary 1.
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With no default risk a fixed amount is sliced off from the gross
earnings in each state of the world for each firm and distributed as

a riskless income. We assume again that the vectors of gross earnings
Xj(é) are linearly independent. The maximum debt liability of firm j

is given by Min{Xj(G)}. Assume that the j-th firm is increasing its
8efd

debt level by Adj, that is, firm j is converting Adj of its stock into
debt. That means that we are slicing off the additional amount (l+r)Adj
from each component of xj(e). (r is the rate of interest). This will
not change the set of feasible trades in the market. So by a suitable
readjustment of the individual portfolios the individuals can obtain
precisely the same income distribution over the states of the world

as before. For the i-th individual there is a unique way of reproducing
his income distribution, namely by increasing his bond holdings by
aijAdj while keeping the proportions he owns of the firms' stock un-
changed (aij is the proportion individual i owns of the shares of the
firm j). For the stock market to clear this requires that the indi-
viduals must reduce their share holdings in the firm j by the same
amount, i.e., aijAdj' Consequently, in the new market equilibrium

the market value of firm j's stock has been reduced by ZaijAdj = Adj
i

while the market value of firm j's bonds has been increased by the
same amount leaving the total market value of the firm unchanged. The
same holds if the j-th firm converts debt into stock so that the
above reasoning may be considered as a simple proof of the Modigliani-
Miller theorem [S5]. However, as has been shown in the present paper,
if we relax the non-default risk assumption we have to impose quite
severe restrictions on the individuals' market behaviour for the

Modigliani-Miller theorem still to obtain,
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Default Risk, Homemade Leverage, and the
Modigliani-Miller Theorem: Note

By KARE P. HaGcexN™

In the March 1974 issue of this Review
David Baron uses a stochastic dominance
argument in an attempt to prove that the
Modigliani-Miller (M-M) theorem is gener-
ally valid even in case of default risk. For
this purpose he uses the familiar two-firm
paradigm where both firms have identical
probability distributions for gross returns,
and one firm has some debt in its capital
structure whereas the other firm is financed
entirely by equity capital. If all equity in-
vestors in the levered firm aiso hoid bonds in
that firm or if all investors can borrow at the
same nominal interest rate as firms, then he
shows that in equilibrium both firms must
have the same total market value.

Although there is nothing formally wrong
in his arguments, Baron does not prove what
he sets out to prove. What he proves seems
to be the (fairly obvious) fact that at an
equilibrium in a perfect capital market two
firms with identical probability distributions
for gross returns must have the same total
market value. This does not imply, however,
that the equilibrium value of a firm is in-
dependent of its capital structure. In fact,
the common market value of the two firms
will in general be dependent on the debt-
equity ratio in the levered firm. To show
this a simple counterexample will suffice.

I

The conventional one-period model where
investors invest at the beginning of the
period while returns materialize at the end
[is used with the following notations:

X;(8) = gross returns in firm j if state
of the world 8 obtains, 4€9Q,
where Q is the state space

R;(8) =returns to equity in firm j in
state 4

* Assistant professor of economics, The Norwegian
School of Economics and Business Administration.
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B,(8) =returns to bondholders in firm
7 in state 8
D;=total debt liability in firm j
(principal plus interest pay-
ments due at the end of the
period)
a;;=the fraction investor ¢ holds of
the shares of firm j
B.;=the fraction investor 7 holds of
the bonds issued by firm j
S;j=market value of firm j’s equity
Bj;=market value of firm j’s bonds
Vi=S;+ B;=total market value of irm
Y.(8) =investor 1's final wealth in
state
W =investor ¢’s initial wealth
=:(8) = investor i’s probability assess-
ments
UiY:9))=investor +'s utility function
(strictly concave)

Clearly,
R,(8) = Max [0, X;(6) — D;j
Bi(6) = Min [D;, X;(8)]
and X;(8) = R;(8) + B;{6) foralld € Q

Two firms with identical gross return pat-
terns over states of the world are assumed,
iLe., X(8) =X forall 9€Q,j=1,2. Firm 1
is financed entirely by equity capital such
that V=5, while the total debt liability in
firm 2 is Ds. Short seiling of stocks and bonds
is generally possibie. If 8;;<0, investor i
is issuing bonds with the same return char-
acteristics as those issued by firm j. More-
over, riskless lending and borrowing are
available to the investors at a zero interest
rate. Each investor owns initially a fraction
&; of each firm and investors are assumed to
rank portfolios according to expected utility
of final wealth.

Define Q(Dy) = {6 € Q
8(D.) = O\Q(Ds)

X(6) 2 Dq

and

~
ut
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i.e., (D)) are the states of the world in
which firm 2 goes bankrupt.

Using the budget constraint, final wealth
can be written as (la) if §&Q or (1b) if 9&8.

(1a) Yi(8) =Witau(X(0)— V) +ai(X(8)—S2)
—Bi2Bat(Bir—ctiz) Da

(1b) Yi@) =Wi+aa(X(@) -V
+8:2(X (8) = Be) = @252

where W" = 5‘( V1+ Vz).
The first-order conditions for optimal
portfolios for all 7 can be written as:

@  Vi= 2 w(0)X(6)
[ =]

3) Se=. 2

#€A(Ds)

> @) D.

s (Da)

+ 2 w(9)X0)

#SQ(Dq)
=(O) U« V(8))
2 (O ULT(B))
[ =]

w;(0)(X(8) — Da)

(4) By =

where w;(§) =

The conditions (2), (3), and (4) together
with the macket-clearing conditions Z; ai;=
1, Z;8i=1 for all 7, characterize an equili-
brium in the capital market.

The term w;(f) is investor ¢’s marginal
rate of substitution between a unit return in
state 8 and a unit of riskiess return. Hence,
wi(8) can be interpreted as the implicit price
in terms of the riskless asset investor i’is
willing to pay for a claim to a unit return
contingent on state §. As the price of a unit
of riskless return is Seeq wi(8) =1, the risk-
less asset is 2 numeraire.

As can be seen from (2), (3), and (4),
VimS,+B:=V, so that the two firms will
in equilibrium always have the same market
value. But this common market value will in
general depend on the debt level in the
levered firm unless w:(§) is independent of
D, for all 8 and for all 7. Hence we have the
immediate result that the market value of
the two firms is independent of the leverage
in the levered firm if and only if w;(d) does
not depend‘on Dy foralldand forall .

MARCH 1976

If the market structure were complete,
i.e., there are as many securities with linearly
independent return patterns as states of the
world, the return pattern on the optimal
portfolios would be independent of the return

. structure of the individual securities in which
/ case wi(f) would clearly be independent of

D,. Moreover, irrespective of the complete-
ness of the market structure, if 3(Ds) = ¢ for
any relevant D, (no default risk), then B, =
D, from (4) so that D» drops out of (1) which
again would imply wi(8) to be independent
of Da.

In general, with incomplete markets and
default risk in the levered firm, w:(8) will be
independent of D, if and only if 8iz=au; for
all 7 as can be seen from (1). Hence, in an
economy with incomplete markets for risk,
a sufficient condition for firm values to be
dependent on leverage is a nonzero default
risk and that investors in equilibrium hold
different fractions of the equity and bonds
of the levered firm (@a=8:a).

II

A aumerical example may be in order to
illustrate the above point. Assume two inves-
tors each of 'whom owns initially 30 percent
of each firm, Le, Wi =W.=0.3V1+0.5V..
The utility functions are assumed to be given
by' Uy,( Yl) = Yx-YT/TSO and Uz( Yz) = Yg
—7%/870. First it is assumed that both
firms are financed entirely by equity capital
so that V,;=§;, =1, 2. Riskless lending and
borrowing ar a zero interest rate are avail-

. able for both investors. There are three

different states of the world labelled 1, 2,
and 3. Itis postulated that the following data
are given:

8 1 2 3
X1(8) = X+(6) 150 200 300
{8 1/2 1/4 1/4
2(6) 1/4 1/4 1/2

It is fairly easy to verify that the equilibrium
solution is given by an=ap=1/3, an=an=
2/3, Vi=V,=193.8.

The above example is now modified such
that the firm labelled 2 is financed both by
equity and debt. In all other respects the
relevant data are the same as above. It is
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assumed that D, =160. Clearly Dy/ B, will be
the gross nominal interest rate on firm 2’s
bonds. Investors are assumed to be able to
issue bonds on the same terms as firms. That
means that investors can issue bonds with
the same return characteristics as those of
firm 2 at the same nominal interest rate. A
personal bond issue takes place if 3,<0.
Moreover, riskless lending and borrowing at
a zero interest rate are still available.

The total returns to shareholders and
bondholders of the two firms will now be as
follows:

9 1 2 3
X(@)=R.() 150 200 300
Rs(8) 0 40 140
Ba(8) 150 160 160
X1(0) 150 200 300

As can be seen from the table, firm 2 goes
bankrupt in state 1 so that there is a positive
probability for bankruptcy for both inves-
tors. It is assumed again that each investor
holds initially 50 percent of each firm, that
is, 30 percent of the shares of firm | and 30
percent of the shares and bonds of firm 2.

After some tedious calculations, it is
found that an equilibrium is characterized
by

V=S, = 195

53 = 40

By = 153
V= S; + By = 195
ayy = — 6 — P2

a2 = (20 + 3612)/3
B12 = arbitrary

az =7 + By,

az = — (17 + 381,)/3
Baz =1 — Bia

As can be seen, the optimal portfolios are
not unique. This is due to the fact that there
are four securities with different return pat-
terns (including the riskless opportunity)
and just three states of the world. Only three
of these return patterns are linearly inde-
pendent. Hence, the investors can obtain
their most preferred pattern of final wealth
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over states of the world by combining these
four securities in an infinite number of ways.
Note, however, that for any choice of B,
ap# B, 1= 1, 2. For example, for Bu= -'6,
the solution is:

ay =0 ap =1
Az = 2/3 Agy = 1/3
B12= =6 Baz =7

The nominal interest rate on risky bonds,
(Da/ B»—1)100, is 100/31 percent. Investor 1
issues six times the amount of risky bonds
issued by firm 2 with the same return char-
acteristics at the same nominal interest rate.
The individual transactions corresponding to
the above portfolios are summarized beiow:

Borrowing (=)/

Shareholdings Lending (<)
Firm | Firm 2  Riskless Risky
Investor | 0 80/3 3295/3 -930
Investor 2 195 40/3 -3295/3 1085
Total 195 40 0 135

The notable point in the above example is
that although V,=V.=193, this common
value is different from the case where both
firms were-financed by equity capital only.!

IIx

Consider in general a one-period exchange
economy with s states of the world and »
firms with gross returns denoted by X,{(8),
4 Q. Investor ¢’s income pattern over states
of the world at the end of the period is given

by

) T8 = 3 asR(d)

Jjml

+ D BuBi6) + rmi, 8EQ

Jumi

where m; denotes riskless lending or borrow-
ing and r is one plus the riskless rate of inter-
est. If 3:;<0, investor ¢ is issuing risky bonds

! In fact, if the levered firm in the above exampie
borrows at least as much as to make the default risk
positive, the values of the two firms will be independent
of the particular debt level in the levered firm because
we then have as many linearly independent securities
as st:iltes of the world (complete markets).
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31.
EFFICIENT CRITERIA FOR DECENTRALIZED INVESTMENT DECISIONS

IN A STOCK MARKET ECONOMY '’ *)

1. Introduction

In the present paper we shall examine the efficiency properties of the
stock market allocation of investment in an economy with stock value
maximizing firms and where the only source of uncertainty is the stochas-
tic relationship between input and output, so-called technological un-

certainty.

Clearly, efficient allocarcion of investment resources will depend on

the possibilities in the economy for redistributing risk associated witch
production which in turn depends on the institutional structure of the
capital market. As shown by Arrow (1953) and Debreu (1959), if thers exist
perfect markets for claims on incomes contingent on stataes of the world,
i.e., complete markets, all the efficien;y properties of the competitive

economy under certainty will carry over to the uncertainty case.

In the absence of a complete set of markets - one market for each contin-
gency - the market structure is said to be incomplete if the existing
market opportunities do uot span the market opportunities in the corre-
sponding Arrow-Debreu economy. One such example which will be examined
here is the stock market trading in risky securities, or claims to return
patterns over states of the world. As is well-known, if there are fewer
securities with linearly independent returns than states of the world, some
feasible risk allocations in an Arrow-Debreu economy will be infeasible in
the stock market economy. Hence, the stock market allocation of risk may

be inefficient in the Arrow-Debreu sense.

As the stock market will in gereral provide an incomplete set of instruments for
redistributing risk associated with production, efficiency in the Arrow-

Debreu sense will not be a particularly useful criterion by which to evaluate

1) This paper is a substantially revised version of Discussion Paper 09/74
with the same title. '

*#) The author is indebted to Karl Borch and Jan Mossin for useful comments.
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allocation of resources in such cases. It seems more useful to define alloca-

tive efficiency relative to the risk distributive instruments in fact available.

In the present paper we shall follow Diamond (1967) and define Pareto
efficient allocations of investment resources in a stock market economy
_subject to the constraint that risky returns have to be distributed to
consumers through a stock market trading in shares of risky firms.

This is certainly a constrained optimum or a second-best allocation
subject to the institutional structure of the capital market. It has,
however, the advantage that we are comparing the market allocation with
what is in fact attainable, i.e., we restrict the efficiency concept to

the set of attainable allocatioms. P

Diamond (1967) is the seminal paper ou allocative efficiency of

a decentralized stock market economy where it is shown that for a parti-
cular structure of techmological uncertainty value maximization would
guide competitive firms to choose efficient investment plams. This
result was later critic®zed by Stiglitz (1972z2), Jensen and Long (1972)
and Fama (1972) who demonstrated in a mean-variance framework that stock
value maximization would not lead to allocative afficiency in the imvest-
ment market. These results lead some authors to question value maximi-
zation as a sound basis for firms' investments since it might not be
consistent with the shareholders’ interests. In particular, Ekern and
Wilson (1974), Leland (1974a) and Radner (1974) claimed that value

maximization might not be unanimously supported by a firm's shareholders.

In the present paper we shall argue that the fundamental obstacle to
efficiency of the competitive market mechanism under techmological un—
certainty is the fact that investment decisions will in the general case

have external effects in incomplete markets for which there do not exist

well-defined market prices. In such cases there do not even seem to be any
natural definition of competitive behaviour in the investment market. More-
over, we shall argue that in the presence of externalities shareholders will
typically disagree on the desirability of any investment plan including the
-Pareto optimal one. On the other hand, when these extermalities are absent |
or do not affect shareholders' optima, value maximization by competitive

firms is well-defined and will lead to allocative efficiency and shareholders
will always support value maximization which, of course, is what one should

expect from conventional welfare theory.
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The present paper is organized as follows. In section 2 we discuss some
properties of exchange equilibria in complete and incomplete markets,
and in section 3 we establish under what conditions value maximization
will lead to Pareto efficiency in the investment market and in section 4
these results are discussed in some more detail within the mean-variance
framework. Section 5 is devoted to the problem of finding under what
conditions unanimity will prevaii among the shareholders about the
desirability of a firm's investment plan and under what conditions per-

ceived and actual value maximization are in the shareholders' interests.

II. Market allocations of risky returns

We start out with a brief discussion on some well-known proverties of the
market allocation of risky returns. First some notation and assumptions.
There are assumed to be J firms indexed j and S different states of the
world indexed s and firm j is characterized by gross returns st in state
s which are supposed to materialize at the end of the period. There are
H consumers indexed h and consumer h receives an income amounting to c:
on his portfolio in state s, and portfolio returns are assumed to be the
g)' re
supposed to be completely ordered by expected utility Z P (c ) = E (Uh);

. . h h
only source of income. The set of income vectors ¢ = (c ,...,c

where ph is consumer h's subjective probablllty for state s to obtaln and Uh
is h's utility function defined on the set of income patterns ch. For
each h, Uh is supposed to be strictly quasi-concave with aUh/BCZ = U:

s=1,...,S.

>0,

If there were a complete set of markets, the feasible income space, or

the set of attainable income vectors, would be an S-~dimensional rectangle
in the positive orthant of the S-dimensional Euclidean space bounded by
the total returns in each state of the world. Letting L denote the price
as of now for a unit income in state s and w: initial endowment for each
consumer h in state s, a pure exchange equilibrium in an economy with a

complete set of markets is given by consumer optimum for each h,
Max L phUh(ch)
oh s s, s

subject to
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h h
é ‘n’s(cS ws) 0
and market clearing in each state,

Tlasgoz, s=1,...,S
h s j 1Is

First-order conditions for interior consumer optima are given by

h_.h
(L p:Us =X m

where Ah is expected marginal utility of initial wealth.

As usual for exchange economies without money, the market determines rela-
tive prices only and we normalize by fixing a price of 1 for a riskless
return pattern yielding r units of income in each state. This is equi-
- valent with fixing the riskless rate of interest at r - 1 per cent, i.e.,
é Moo= 1/r. With this normalization (1) can be rewritten as
ot |
@ I
§ psUsr
The left-hand side of (2) is the marginal rate of substitution between
income in state s and the riskless income for comsumer h - or altermatively,
consumer h's (Marshallian) demand price for a unit of income in state s in
terms of the numeraire. 1In equilibrium, the marginal rates of substitution
are equated to the equilibrium prices for all consumers and hence the equi-
librium allocation in an Arrow-Debreu market economy is Pareto—efficient

in the unconstrained sense.

Turning to the stock market economy we assume that riskless lending and
borrowing are available at the riskless rate of interest. We let

a = (a?,...,a?)' denote the vector of shareholdings of consumer h with

aj denoting the number of shares held in firm j by consumer h.

Xj = (le,...,XjS) denotes the vector of state-dependent returmns per share
in firm j, i.e., st 3 st/aj where 2 is the total number of shares issued

by firm j.

Letting mh denote the amount of riskless bonds bought (issued, if nega-

tive) by consumer h, an attainable.income pattern in a stock market economy



will be given by

(3 c.=rm +2Z a. X,

or in matrix notation

(3 (' = mler + @M x

where X is a (JxS)-matrix with rows:consisting of the J return vectors
Xj and e is the unity vector (1,...,1)' (transposed vectors denote row

vectors) .

The rows of the matrix X will be assumed to be linearly independent.
Together with the strict quasi-concavity of Uh, this will ensure that
expected utility Eh(Uh) will be strictly quasi-concave in the decision

variables mh, ag.

It is clear from (3') that the set of attainable income patterns in a
stock market economy generates a linear subspace, the dimension of which
is determined by the number of linearly independent rows of X. Conse-
quently, if there are more states of the world than linearly independent
return patterns, some attainable income patterns in an economy with a
complete set of markets will not be attainable in a stock market economy

in which case the stock market is said to be incomplete.

Letting the vector v = (vl,...,vJ)' denote share prices, a stock market

exchange - or financial - equilibrium is determined by consumer optima

Max  EMUD)
h h
m3,a

subject to the budget constraints
mh + (ah)'v = wg (= initial wealth),

and by the market clearing conditioms

h

Im =0, b
h

z a. = a. i=1l,...,J.
v & J’ J=4i,

Substituting the budget constraint into (3') and ignoring the fact that
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1)

h . . .. . . 1
aj are integer variables, necessary conditions for interior™’ consumer

optima are given by

hyhy o
- =0
® rvj E PsUs * % psUs js

If we define the (JxS+1)-matrix (-rv,X) as the matrix X augmented by the

vector.(-rvl,...,-rv )" as the first coluﬁh and the (1xS+l)-vector EP with

J g
components u_ = L phUh, uh ] ph Uh, s=l,...,5, we can write the first-
— s ‘s s’ —s s s

order’ conditions in matrix notation as

h,.h
(4" QE-L%-l =‘(-rv,X)3P =0 (a column vector)
da

We define the (S+1)x(S+l)-matrix EF by

o hUh hUh h ;\
EE Ps st é LS R Lp, U

p? AR p? B veer AU

. LU 11 ot P U

(]
1]

h o h
Ps LUse P

[7:0=)
w o

where Uh = BzUh/schach.
st s t

By strict quasi-concavity of Uh and full row rank of X, the (JxJ)-matrix

of second~order derivativesz)
2. h. h

) 2L L (v prteen
da” (3a)!

is negative definite and the second-order maximum counditions are therefore

satisfied.

If we define Wh = (W?,...,ﬂ:) as the vector of marginal rates of substitu~

1) We shall in this paper ignore possible constraints on shortselling.

2) If x and y are column vectors, 9x/3y" will denote the matrix with entry
axk/ayl in k-th row and the 1-th column.
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tion between incomes in the various states of the world and the numeraire

asset (the riskless asset yielding r units of income in each state), 1i.e.

h

= P/l = phUh/Z phUh
s —s —o s ss

T
s s ’

we have from (4) for each consumer
(6) X, =,
s s js ]

or alternatively in matrix form from (4')

6') xrta=v »
BaP '
Clearly, - —d = Z ﬁhX. for all h.
amh S s Js

v Eh(Uh)=constant
Thus,. condition (63 implies that at a stock market equilibrium, the indi-
vidual marginal rates of substitution between shares are equated td their
relative prices for all consumers and hence, the stock market allocation of
shares, or claims to risky return patterns, is Pareto efficient. In general,
however, condition (6) does not imply equalization of marginal rates of
substitution between state-contingent income so that the stock market

allocation may be a constrained optimum.

There will, however, be special cases where the stock market allocation
is Pareto efficient in the unconstrained sense. Clearly, this will be the
case if the equilibrium allocation in an Arrow-Debreu economy is attainable
in a stock market ecomomy. This will obtain if and only if at least one

of the following two conditions are satisfied.

(i) There are as many securities with linearly independent return

patterns as states of the world.

‘s X h
(ii) There are homogeneous expectations (pS are the same for all h)
and the consumers' utility functions exhibit the separation

property.

Condition (i) is obvious since in that case the attainable income space
in an Arrow-Debreu economy is spanned by the rows of X and the riskless

income. Condition (ii) means that all consumers can obtain their most
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preferred income patterns by allocating their initial wealth to the risk-
less asset and a risky portfolio with asset proportions independent of
initial wealch (portfolio separation) and with homogenecus expectations

the asset proportions in the risky portfolioc will be the same for all indi-
viduals. That implies that in equilibrium each consumer will hold the

same share of the total amount of every risky asset and thus all risky
assets can be aggregated or pooled into a, mutual fund without changing the
relevant individual opportunity sets and hence the incompleteness of the
market structure will not comstrain the consumer behaviour in the stock
market. If all consumers are ranking portfolios according to expected

L)

utility, it can be shown ' that this aggregation property will obtain for
any state-distribution of risky returnms if and only if consumers have identi-
cal probability distributions over states of the world and their preferences
exhibit linear risk tolerance with equal slope for all consumers. On the
other hand, if we restrict probability distributioms for risky returns to
be jointly normal, portfolio separation, and hence the aggregation property,

will obtain without any restrictions on preferances.

The results of the prasent paper are statad without amy a priori rastric—
tions on probability distributiomns for risky returns. It is, however, clear
that zll results which are dependent on utility functions exhibiting the
separation property, will also be valid for arbitrary preferences if we

restrict probability distributiouns for risky returns to be jointly normal.

The marginal rate of substitution ﬂ: for consumer h - or his (Marshallian)
demand price for income in state s - will be called counsumer h's implicit
price for income in state s. The implicit price for a unit of riskless in-
come is g W: = 1/r for all h since the riskless asset yielding r units of
income in each state is used as a numeraire. Clearly, if the different
individual implicit prices for state-contingent income associated with a
stock market equilibrium were imposed on consumers in an economy with a com—
plete set of markets, the resulting equilibrium allocation in the Arrow—
Debreu market would in fact coifcide with the competitive stock market allo-
cation if the distribution of initial wealth were the same in the two situa-
tions. This follows from the uniqueness of consumer optima as the budget
constraints would be the same since at a stock market equilibrium the budget
Bys a@X. ) =2 el B
j 13

1

. . h ! h
constraint can be writtenmas m + I a.,v, = é Ws(rm

=w,
j 31

S s's o
in view of (8).

1) See i.a. Cass & Stiglitz (1970) and Mossin (1977) for a proof and more
detailed discussion on separation.



Clearly, if the stock market allocation is Pareto efficient in the uncon-
strained sense, the implicit prices must be the same for all consumers

and identical with the corresponding Arrow-Debreu market prices.

III. Efficiency criteria for fimms' investment in a stock market economy.

Most models of stock market allocation of investment resources are of the
two-period type where the consumer in the first period decides how much

to consume in that period and allocates the rest of his resources to the
various-firms in exchange for shares and bonds which in turn determine

his second-period consumption pattern over states of the world. We shall,
however, stick to our one-period model and assume that first-period con-
sumption decisions have already been made such that the total amount of
resources available for investment is given. Suppressing first-period
cdnsumption;decisioné‘means simply that the riskless rate of interest cannot

be endogeneously determined.

Some economistsl) have argued that competitive firms should maximize stock
market values as a criterion for optimal investment. That is, firms should
use stock market prices when calculating the values of marginal return
patterns on new investment. It is well knownz) that under certainty and
with perfect capital markets efficient allocation of investment requires
that firms maximize present values regardless of the owners' preferences.
The same must clearly hold true under uncertainty in an economy with a com-~
plete set of markets. It is, however, by no means obvious that this kind
of separation of productive and distributive efficiency should carry over
to the uncertainty case in a stock market economy with an incomplete set of
markets. In fact we shall see that the concept of competitive behaviour
becomes somewhat blurred when security markets are incomplete. Also, in
that case firms' investment decisions will have certain extermal effects

in the market pointing to likely inefficiency of decentralized market

behaviour.

We assume throughout the paper that the Modigliani-Miller theorem3) holds

1) See i.a. Diamond (1967) and Mossin (1969), (1973).
2) See Fisher (1930).

3) See Miller and Modigliani (1958).
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so that firms' equilibrium values are independent of how they finance their
investments. If not, the market value of a firm would depend on the way it
distributes its investment returns in the capital market as the set of
attainable income patterns over states of the world might change with
different financial policies of the firm displacing consumers'

optima in the stock market. This would work very much like an extermality
in the market indicating inefficiency of t@é competitive market mechanism.

L

It.is well known ° that if firms borrow under default risk the odigliani-
Miller theorem will obtain under the same conditions as those under which

the stock market allocation of risky returns is efficient in the unconstrained
sense. Thus, strictly speaking, separation of financial and production
decisions is legitimate only if the relevant individual opportunity sets are
unaffected by the firms' financial decisions which will be the case with
complete markets or if consumers have identical 5e1iefs and utility functions
exhibiting the separation property. If there is no default risk, the

Modigliani-Miller theorem is of course always valid.

As the market values of firms are supposed to be independent of their

capital structures, we can with no loss of generality assume that firms
finance their investments by issuing new shares. Firms are supposed to
maximize the market value of initial interests, i.e., Vj-Ij with V. = a.v,

(or equivalently, the price per share for initial shareholders) where Ij de-
notes the amount of investment measured in terms of the numeraire and vj is
total market value divided by the number of outstanding shares.

If we let Zjé(Ij) = ajxjs(Ij) denote firm j's total return in state s when

the amount of investment is Ij’ we have from (6) that the equilibrium value of

firm j is given by

h : h
. S a,v. = T a.X. L) = ™2z, . =1l,...,H.
(N VJ aJvJ g SaJXJS(IJ) § s Js(IJ)’ h=1 H

Firms are supposed to behave as price takers which in this context will be
understood to mean that the firm takes the implicit prices for state-contingent

- h . . . 3 3 - .
income, Ws’ as given and independent of its investment decisions. This corre-

sponds to Leland's definition of a completely competitive capital market (Leland‘

1) See i.a. Hagen (1976), Stiglitz (1969).
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(1974b)) and in view of (6) it implies that the firm considers the price
per share with a given return distribution as independent of its invest-
ment decisions and hence also of the number of outstanding shares, which
seems to be a natural behavioural requirement in a competitive capital
market. Also, the above definition of price-taking implies that the
firm considers its market value to be linearly homogeneous in state-
contingent returns. That means that if the return pattern of some firm
is scaled by some scalar, the firm believes that its stock market value
is scaled by the same scalar since this can be seen as scaling (by the

given scalar) the amount sold of shares with a given return distribution.

With the above definition of price-taking, maximization of stock market

value of initial interests yields the first-order conditions

h

®© g

2" (I.) =1 for all h
is 7] _

and assuming that all feasible imvestment plans.(Ij’zjl(I')é;i"st(Ij))
belong to a closed and strictly convex production set in R™ °, the second-
order conditions for a maximum are also satisfied.

Condition (8) says that firm ] should increase investment until the market
value of the marginal return pattern for each consumer equals marginal
investment cost (recalling that investment is a numeraire). The trouble
with the investment rule (8) from an applied point of view is that. it pre-
supposes that the firm knows or is able to compute the implicit prices w:.
However, in the general case these prices are not revealed in the stock

market or cannot be computed from stock market values unless the matrix X

is quadratic in which case “h = X—lv from (6').

Turning to efficiency and restricting return distribution rules to the
linear form (3) (constrained efficiency), a Pareto efficient allocation
can be determined as a solution to the following constrained maximization

problem.

-

h h.h, h
A éP U (e

s ) (Ah are arbitrary positive weights)

Max

3
mh,{av},l.
] J

subject to the constraints
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c.=rm + L a@X. (1.) s=1,...,S
j J 1]

z mh = 0
h

h Market clearing
Z a, = a. j=1,...,J conditions.
h 3] ]
5 I = ih (fh is ‘the amount of
1 h investment resources

supplied by consumer h
- a given constant).

First of all we note that although the indiyidual utility functions are

. . . h . . .
strictly quasi-concave in aj, they need not be jointly quasi-concave in

aP and Ij since the equation defining cz need not be jointly concave in

aﬁ and I..
3 J

ginal variations of the decision variables and the first-order maximum

L

Hence, a global optimum may not be reached through partial mar-

conditions may only define a local optimum * (excluding the possibility of

a stationary point being a saddlepoint).

The first-order optimum conditions are given by

a) khZ phUh r = Q h=1,...,H
S "s's _
h ) '
9) b A otuPx (1, = B, =1,...,J
( ) L o Ul is J) BJ §=l, "
: he _h 1 h - .
e) I A"y pSUZXjS(Ij)aj =y j=1,...,3

where a, Bj and Y are the relevant Lagrangean multipliers associated with
the market clearing constraints. Since the first-order conditions are
linearly homogeneous in Kh and the Lagrangean multipliers, we normalize2
by choosing Y/a=1. Thus,from (9a) and (9c) the l.-order condition for

(locally) efficient investment in the risky firm j can be written as

b ho
P UX, (1.)
(10) £ a° p=sls b . g sk @ =zt (1) =1
h 3 £ poUt h J S s3s ] h js s "jsj
] S S

h . . . . .
where aj = a?/aj is the fraction of the total number of shares in firm j

allocated to consumer h so that ﬁ a? =1 for all j.

1) See Dréze (1972) and (1974) for a detailed discussion on the problem
of non-convexity in this context.

2) That means, we consider the particular Pareto efficient allocation for
which v/a=1.
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The term Z th (I ) may be interpreted as consumer h's marginal rate of
substltutlon between claims to the marginal risky return vector XJ(IJ)

and claims to the riskless return yielding r units of income in each

state (the numeraire). Hence, Pareto efficiency requires that the weighted
sum over all consumers of the marginal rates of substitution between
claims to XZ(Ij) and claims to returns on the riskless opportunity be
equated to inity (marginal social investment cost) where the weights are

the shares of the jJth risky return allocated to the various consumers.

It is easily verified that if the necessary conditions (8) for stock
value maximization of initial interests are satisfied for all h, the
market allocaticn of investment will satisfy the necessary conditions

for counstrained Pareto efficiency as given by (10). On the other hand,
conditions (8) are not necessary for Pareto efficiency.

It is, however;'not clear whether:thereﬂﬁor:given 7% will exist any feasible
investment plan‘(Ij, Zj1’fl" st) maximizing g n: st - Ij for all n.
Indeed, if the technology allows for the possibility of adjusting produc-
tion plans continuously so as to increase or decrease the returns condi-
tional upon a certain state independently of tfhose conditionmal upon other
states (provided the investment level is suitably adjustad), then for

any h, the value maximizing investment plan would be given by the point
on the efficiency frontier in (S+1)-space having a tangent plane with

the (S+1)-dimensional normal (Wh, -1), and in view of strict convexity

of production technologies, tangent planes with different normals would
correspond to different points on the efficiency frontier (different
investment plans). Hence, it is clear that if Wh are different for
different h, there will not exist a coumon investment plan maximizing

h . .
rmw zZ, - Ij over the production set for each h unless one imposes

§ s "js

certain restrictions on substitution possibilities between output condi-

tional upon different states. In that respect, the production technology
specification implicit in (8) represents an extreme case in that it does

not allow for any substitution between returns in different states.

In any case, the market investment rule as given by (8) is not meaningful
or applicable for the individual firm to the extent that it presupposes
that the firm knows the individual implicit prices nh which are generally
not available or computable from capital market data. Indeed, from (6')
the implicit prices compatible with a stock market equilibrium will for

each h lie in an affine subspace of dimension $-J. On the other hand,
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if the left-hand side of (8) were independent of individual utility charac-
teristics (implicit prices) at a stock market equilibrium, the decentralized
competitive market mechanism based on stock value maximization would be well-
defined in the sense that the firm could check the optimality conditions (8)
without having further information than that given by stock market equili-

brium prices. Some such cases will be considered below.

As is well-known1), if the marginal return pattern on a new investment in
a particular firm is linearly dependent on return patterns of some subset of
firms in the economy, then the individual shareholder's valuation of this
marginal return pattern will be the same for all h at a stock market equili-

brium. That is, if there exist technological coefficients ij(Ij) such that
! =y =

(11) st(Ij) % ij(Ij) z, (1) s =1,...,S

then we have

(12) Zm

h
§ s

st(Ij) = i ij(Ij) v, for all h
by condition (7) for a stock market equilibrium. Thus, the competitive stock
market value of the marginal return pattern (11) is simply the same linear
combination of the stock market values of the firms on whose returns it is
linearly dependent. This may seem as a natural extension of the notion of
price-taking in capital asset markets, namely that claims to identical return
patterns have the same price regardless of firms' investment levels. If
firms' technologies satisfy condition (11), the market allocation rule (8)

is well-defined in the sense that competitive and value maximizing firms
only need to know the technological coefficients ij(Ij) and the stock market

values of the firms for which ij(Ij) £ 0.

In terms of returns per share (11) implies that the marginal return vector
on firm j's investment is contained in the row space of the matrix X and
this technological property is therefore called spanning as the attainable
set of portfolio return vectors after the investment is made, is spanned by
the return vectors corresponding to the initial allocation of investment.

Hence, if firms' stochastic technologies satisfy this spanning property,

1) See i.a. Ekern and Wilson (1974) and Leland (1974a,b).



45,

the diversification opportunities in the stock market will remain

unchanged when investment resources are reallocated among firms.

The seminal study of efficiency implications of value maximizing

firms in a stock market economy is that by Diamond (1967). He postulated
a stochastic technology where the random component enters the firm's
return function in a multiplicative manner. A stochastic technology

of the Diamond type 1is thus given by
=1 . = vee ’ ! A
ZjS(Ij) uj(IJ)(ij’ S 1, »S3 '\bJ > O’ lIJJ < 0’

where sz is a stochastic variable independent of the investment level.

Clearly,

vi(1,)
st(Ij) ='!Jj(IJ.)tDjs =wj(1j) Zis

(1.) s =1,...,8

]
which satisfies the spanning property as defined by (11). Hence, in an
economy with stochastic technologies of the Diamond type, the competitive
stock value maximization rule (8) is well-defined in terms of stock
market prices and Diamond's well-known result that competitive stock
value maximization leads to Pareto efficiency in the investment market

follows immediately from (8) and (10).

Turning to the general case where the return patterns on new investment
are not obtainable as linear combinations of return patterns already
present in the market, price-taking with respect to shares makes no sense
as the shares of a firm after the investment is made will represent claims
to a new and unique return pattern not previously present or attainable

in the market.1) In that case stock value maximizing firms would have to
know the individual marginal rates of substitution‘ﬂh in order to choose
investment plans consistent with Pareto efficiency. Indeed, the existence
of a particular investment opportunity in firm j as characterized by the
marginal return pattern st(lj) has in the non-spanning case the property
of a public good as can be seen from (10) where the socially optimal
trade-off between claims to the marginal risky return vector st(lj) and

claims to the riskless return is given by a weighted average of the con-

sumers' individual marginal rates of substitution with the consumers'

1) The problem is analogous to that of a firm under certainty with the
quality of the firm's product changing with the scale of the firm.
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fractional shareholdings in firm j as weights. The reason for this public
good property of investment is that increased investment in firm j will in
the non-spanning case have external effects in the sense that it will change
the set of attainable trades or more precisely, the linear subspace of
attainable income vectors spanned by the return vectors in the market.
Hence, the feasible range of choice for portfolio return patterns will
change for all shareholders, which will diearly be in the nature of an
external effect. Moreover, if the incomplete nature of the market is
effectively constraining shareholders' optima in the stock market, implicit
prices will differ among shareholders and they will evaluate this change

)

in the attainable set differently.1

§ wz st(lj) may be different for different h at a Pareto optimum.

This is reflected by the fact that

Wé might define some sort of quasi-equilibriumZ) by instructing firms to

use a weighted average L a? W: of individual implicit prices when computing
.the value of marginal igvestment projects. The quasi-equilibrium allocation
would of course satisfy the'necessary conditions for Pareto efficiency.

One has, however, still to face the problem of computing implicit prices as

they are not revealed by market prices.

For the special case that shareholders have identical beliefs and preferences
satisfying ,the separation property, implicit prices would be the same for all
shareholders at a stock market equilibrium: In that case all shareholders
would be in agreement as to the competitive stock market value of any invest-
ment plan in the sense that the perceived market valueiéTr: st(Ij) (at given
implicit prices) would be independent of h. In that case the investment

plan satisfying condition (8) and hence also condition (10) for Pareto effi-
ciency, could be chosen by a unanimous vote or alternatively, by associating
the firm's prices for state-contingent returns with the implicit prices for

an arbitrary shareholder - e.g. the manager.
We summarize this in a proposition

Proposition 1

Given completely competitive capital markets, if there exists a feasible

1) See Dré&ze (1972) and (1974) for a detailed discussion on the public
goods property of investment under uncertainty.

2) See Malinvaud (1969).



47,

investment plan maximizing the stock market wvalue of initial
interests for each shareholder's implicit prices, then it will
satisfy the necessary conditions for Pareto efficiency. The
required price information for computing the competitive stock
market value of a given investment plan will, however, generally

not be provided by competitive stock market prices unless

(1) firms' stochastic technologies satisfy the spanning

prOperty1)

On the other hand, regardless of firms' technologies, all share-
holders would at a stock market equilibrium be in agreement as to

the competitive stock market value of any given investment plan if

(ii) shareholders have identical beliefs and utility functioms

exhibiting the separation property.

The fact that the firm needs information about shareholders' preferences
other than that reflected by shareprices in order to choose a Pareto
efficient investment, demonstrates that investment under uncertainty

has external effects which are not explicitly priced in the capital
market. In such cases the decentralized competitive market mechanism

is not well-defined since the market behaviour of competitive and value
maximizing firms is not uniquely determined in terms of technologies and
market prices. One exception is, however, the case where a firm's
technology satisfies the spanning property. In that case the competitive
market value of an investment plan with a given return pattern would be
given by the stock market value of a corresponding feasible portfolio
with the same return pattern. If spanning does not obtain, there do not
exist feasible market portfolios replicating the return pattern st(Ij)
on a new investment. However, with identical beliefs and utility functions
exhibiting separation, all consumers would be in agreement as to the
competitive (or perceived) market value of any given investment plan.
Thus, in both these cases the unanimously agreed upon change in the com-
petitive stock market value resulting from a given investment, will

correctly reflect the social value of undertaking that investment and

1) The spanning property will always obtain if there are as many risky
securities with linearly independent returns as states of the world.
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Pareto efficiency calls for equating this social value to marginal invest-

ment cost (normalized at unity).

The reason why shareholders are in agreement on the competitive market

(and social) value of investment plans in these cases is that in case of
spanning the investment will have no external effects since diversification
opportunities will remain unchanged, and in case of separation the external
effects of investment will be evaluated equally by all shareholders as
implicit prices will be the same. 1In the latter case changes in diversifi-
cation opportunities will have no effect on the relevant opportunity sets
 for shareholders so that in equilibrium each shareholder will hold the same
fraction of all risky assets and hence only total returns in each state will

matter.

It seems fair to conclude that as to market allocatioms of investment under
uncertainty the competitive benchmark based on stock value maximization

does not seem to be well-defined unless spanning or separation obtains. In
case of spanning the firm can rely on market prices in order to choose
investment plans maximizing competitive stock market values, while in case

of separation competitive value maximizing investment will depend on utility
characteristics common to all shareholders which would in principle be easy
to check. If the conditions for spanning or separation are not satisfied, it
seems more fruitful to examine altermative equilibrium concepts such as
quasi- or Lindahl equilibria as in Dré&ze (1974) or various kinds of voting

equilibria as in Gevers (1974).

IV. - The mean~variance example.

Much work on the efficiency properties of stock market allocations of invest-
ment has been within the mean-variance framework. Jensen and Long (1972,
Stiglitz (1972a) and Fama (1972) have shown that if competitive firms behave
such as to maximize the stock market value of the initial owners' interests,
the equilibrium allocation of investment will be inefficient even in the con-
strained sense. This may seem surprising in view of proposition 1 and it will
be shown here that it is due to an inadequate specification of price-taking
behaviour. Indeed, if shareholders are ranking portfolios according to

means and variances of returns, preferences exhibit separation and together
with identical beliefs implicit prices must be the same for all shareholders

and competitive value maximization at these prices will lead to Pareto

efficiency.
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From the equilibrium value relation (7) we have
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Factoring out ZKh and summing the numerator and denominator over h, using
the market clearing conditioms I mh =0 and I a = a, for all k, and setting

h h K
Zj (I ) s aJX (I ) for all j, we get

1
§ ps{fjI ;('E izk (L‘k)}Z (I )
(14) vj = T
{ﬁ ;K_h-li: uk(Ik)}r

where uk(lk) denotes expected total returns in firm k. Defining

1
§ = and Cov (2.(I.),2,(I,))=0. (I.,I,) as the cova-
Z—I--ZL(I) e e R -
h ZKh

riance between total returns in firm j and k (which will depend on the
investment level in both firms), (14) can be rewrit:ten as

(15) VJ=—{u(I)-GZc (I I)}

where § is usually interpreted as a risk discount factor. .

In the mearvariance model one has usually defined price-taking with respect
to the riskless rate of interest r and the risk discount factor 61). With
price-taking with respect to implicit prices firms would behave as if the
market value were linearly homogenous in state-contingent returns, i.e.,
behave as if V(AZ) = AV(2Z) where V(Z) is the market wvalue of the returm
pattern (Zl,...,ZS) and A 1s some scalar, and it is easy to show that this
does not follow from price-taking with respect to r and 3. Scaling the
return pattern Zj of firm j by a scalar A > 1 and assuming that the firm
uses the valuation function (153) and takes r and § as given, we get

SA(L-MN)a..
v(xzj) = ,\V(ZJ.)  —T1]

1) Stiglitz (1972a) quite exn11c1tly states that in a mean-variance model
we can think of the firm as "selling two commodities, mean and variance

which have prices l/r and -&/r respectly”.
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where ij is the own variance of the return pattern Zj' By assumption the
last term is negative such that price-taking with respect to r and § implies
that V(lzj) < AV(Zj)j) Hence, from an efficiency point of view the firm
would underestimate the increase in its market value from increasing its
scale. If we assume that one of the firms is riskless, we can immediately
conclude (as in Stiglitz (1972a))cthat in the mean-variance framework maximi-
zation of stock market values taking r and § as given will imply that too

small amounts of imvestment will be allocafed to risky firms as compared with
a Pareto optimum.

Jensen and Long (1972), Stiglitz (1972a) and Fama (1972) argue that this
inefficiency is due to a kind of externality in the capital market as in-
creased iovestment in a particular firm will affect the riskiness of other
firms through che,covagiance terms. It is, however, clear that this kind
of inefficiency will arise also in the spanning case where all extermal
affects from investments will vanish, so that the ineffi-

ciency of the market allocation based om stock value maximization as demcn-
strated in the works cited above, is due to an inadequate specification of
price-taking behaviour. Indeed, what is priced in the stock market are
shares - or claims to risky returm pattarns - rather than means and variances,
and price-taking wi:h-respect to means and variances does not imply orice-
taking with respect to shares, namely, that shares with identical return

distributions have the same price. This can be seen from rewriting (15) as

1
v, =-;{ E(Xj) 5& ak Cov(Xj,Xk)}

J
. 3
which implies -521- = - -;7 Var(XJ.)<O, where E(Xj) and Var(Xj) are expected return
i

and variance of returns per share, respectively. Hence, price-taking with
respect to r and § implies that the firm will act as if the price of shares
with identical returns is a decreasing function of the number of outstanding
shares which explains why stock value maximizing firms taking r and § as

given will underinvest from an efficiency point of view.z)

As can be seen from (14), if firm ] takes implicit prices as given, this

implies that

1) Clearly, firms' investment under stochastic technologies of the Diamotld type
satisfies this scaling assumption with A=1+y!/W., and as is clear from-pro-
position 1, if Z. denotes pre~investment recdrnd, efficiency calls for evalua-
ting post-invest%ent returns according to the proportionality rule
V((1+er3/r_bj)Zj) = (1+w5/wj)v(zj).

2) This point is also noted in Nielsen (1977).
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must be considered as independent of firm j's investment decisions. We may
note that only aggregate returns in state s matter for the implicit price

Ws which is a consequence of the separation property.

From condition (10) it follows that Pareto efficient investment in firm j

is given by the condition

{

fs o o] ’J'M

which can be rewritten as
1 ' 1
17 = {u.(x,) -8 0. (I.,L)} =1
(17) " {AJ( J) £ 95t Ik)

where § is the risk discount factor defined above, u.(I.) is cthe expected
marginal return on new investment in firm j and~Cov(Zi(I.) Z (T ))i<3 (I
is the covariance between the marginal returm pattern Z (I ) and the total
returns in firm k. Sgecxflcally, ij(Ij,Ij) is the covarlance between the
marginal returns on new investment in fifm j and the pre-investment returns
in that firm. It is clear from (17) that in a mean-variance framework the
social desirability of an investment project with a given marginal return
pattern is independent of which firm undertakes the project. This follows
from the more general fact that if separation obtains, only aggregate
returns under each state will matter for social welfare and hence the social

desirability of a given project is determined by its contribution to aggregate
returns under each state.

Comparing (15) and (17) we see that efficiency requires that stock market
value maximizing firms taking r and § as given should valuate the marginal
returns on a new investment project as if it were a separate firm with risk
measured by Z 0 (I Ik) so that the firm should pay no attention to the own

variance of the marglnal return pattern Z (I ).
The efficient investment rule (17) may be rewritten as

| (18) uj(Ij) =r + GE Ojk(Ij’Ik)
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Specifically, (18) implies that if the marginal returns on new investment
in firm j are uncorrelated with the returns of other firms as well as with
the pre-investment returns in fifm j, the firm should increase investment
until u;(Ij) =7, 1.e., until the expected marginal returm on new invest-

1)

ment equals the riskless rate of interest™ .

The efficiency requirement that the firm should neglect the own variance

of the marginal return pattern Z;s when calculating the value of a marginal

investment is due to the fact that we are «considering infinitesimal changes

in the investment level in firm j so that at the margin the own variance of

marginal investment projects will vanish. Considering finite changes AIj

in the investment level and assuming that Z, (I.+AI.)-2Z., (I.)~2Z! (I.)AI,
js 1 I 1s ] s 1 1

for small finite changes AIj as a first-order approxi-

mation, we have from (15) (when r and § are considered as constants)
' 1
19 V. (I, +AL,) =V, (2,) =={ u!AI, - 8(Z Cov(Z',Z )AL, +Cov(Z!,Z.)AL,
(19) 55 ; ; J) - uJ 3 [k ov ( j k) ; ov ( ; J) F
2
+ Var(Zg)(AIj) 1}

where the arguments Ik are omitted on the right-hand side of (19) for ease

of notation.

For infinitesimal changes we get at the margin

i} M i U A ,

(20) = lim =={u!'=-8{Z Cov(2!,2,) +Cov(Z!,2.))}

an - AIL.»0 AI. T B ("k OV( J Zk v 11 )
J

which is equal to the derivative of (15) with respect t» Ij' If we assume that the
finite change in investment AIj takes the economy to a Pareto optimum in one

step, the social value of the finite investment project with returms

2! AI., is given b
is™ti g ¥

'H

Z -z =2'A1.)
(21) T hgch Kk KSJs Z! AL, = S {ulAL -8" (S C AT
'AL, = ={ AL, - AP .
s Ps ! S BT kOV(JZk)J
Z——H-Zuk-u'.AI.
h 2% k J 3

+ Var(z!) A1)}
] ]

where 8' = 1/(L === - L 1 -u'AL.)
£ i

h th k

- 1) This result corresponds to the well-known investment rule by Arrow
and Lind (1970) although they did derive it for an economy with a
complete set of markets. This is, however, not very surprising
because with quadratic preferences and homogeneous expectations the
stock market allocation of risky returns will be Parsto efficient
in the unconstrained sense.
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Dividing (21) by AIj and letting AIj go to zero, the own variance term vanishes
and we are left with (17). Comparing (17) and (20), and (19) and (21), re-
spectively, we see that both in the infinitesimal and finite case the invest-~
ment rule based on maximizing Vj— Ij taking r and & as given - henceforth

referred to as conventional value maximization - places twice as much

weight on the covariance between the firm's marginal return pattern and its
pre-investment returns as compared to the efficiency rule. This implies
also that the profitability of an investment project with a given return
pattern will depend on which firm undertakes it which is clearly inconsis-

tent with Pareto efficiency in case of separation.

In the following we shall rum through a few examples known from the
literature where we shall compare the efficiency rule (17)Y with the con-

ventional value maximizing rule.

First we assume a stochastic technology of the Diamond type with independent

returns across firms. Total returus in firm j are given by st(Ij) =wi<1j)¢js'

¢

We denote the variance of the returm pattern ¢js by @
]

The conventional value-maximization rule gives

1 2
=(u! - R =1
r(uJ stJwJU¢j)

while Pareto efficiency requires
Loyt - scovw.é, ,0i0, O} =S (ul-8v.lol) =1
r 7] 3738’73 js " iy,

J

where we have omitted the argument Ij for ease of notation. Thus we see
that the conventional value maximization rule places twice as much weight

on the firm's variance as compared with the Pareto efficient rule.

We next assume dependent returns across firms and specifically, that returms

in firm j can be written as

Z. (T.) = u.(I.) +g.(T.0e. + m(I.)M
JS(iJ) My (I3) * gy (T8 5 (250¥

where Ejs is a random factor specific to the firm while Ms is a random market

factor common to all firms ("The state of business"). We assume
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Plugging this into the market value function (15) we get

1 2 . 2
V. s ={u, - 8(gi +m; +m, I )}
joriyy oy ey my Bom)

and the conventional value maximization rule gives

1 )
={n! - 8(2g.g! + 2m.m! +m, I } =1
s (%85 373 T kaj %

'+ gie., + m!M_ such that 0., = g.g. + a.m. and
]l s 311 | J 1]

Clearly, Z: (I.) =
eartys JS( 3 H; i’]s

1

- = . .* .
O'Jk mek, j*k
Then from (17), Pareto efficiency requires

1 { ! 1 ' 1
={u, - 8(g.g. +m.,m, + m, 2 =1
roTj 385 T T T g X
such that again the conventional value maximizing firm places twice as

. . . ' .
much weight on its own risk component ij compared to what it should.

The two examples above are adapted from Stiglitz (1972a) and we have
gotten the same results as he did. We have, however, shown that if
firms measure the riskiness of new investment according to E ij, effi-
ciency requires that the firm should increase investment as long as the

value of marginal investment returns exceeds marginal investment costs.

We conclude with the example analyzed by Jensen & Long (1972) and later
by Merton & Subrahmanyam (1974). Assume an economy with n firms with
stochastic return patterns Zis which have means uj and covariances ij.
‘Moreover, there is an investment project with constant stochastic returns
to scale available to all firms. We let Py be the stochastic return per
unit investment in the project and the expected return per unit investment
is denoted p. Ij denotes firm j's investment in the project which yields
total returns ijs in state s. Since all firms are facing the same pro-
ject, the distribution of ps is independent of the firm which means that

the returns on the project are perfectly correlated across firms. If
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firm j invests Ij in the project, its total returns will be st + ijs'

Plugging this into the valuation function (15) we get

1 - 2
22 v, =={yu, +I1,p~8C o0, +I.,Z0 . +ILo.+1I,ZIo0)}
(22) i Jp.(k ik Jk pk k-LKOJ Jkrko)

where op. is the covariance between p and the pre-investment returns st

in firm j and 02 s Var(p).

If firm j takes -investments of other firms as.given and maximize Vj - Ij’
we get the investment rule
l,- 2 2
={p-8Co._ +0 .+ Lo +I1,0)}=1.
r{p (k Pk PJ klkp JQ)
The marginal returns Z;s on new investment in firm j are Py From the effi-

ciency rule (17) firm j should increase investment in the project up to

the point where
-8z covlp, Z 4L} =L{5-8C 0. +I LoD} =1
T E ? ka T k Pk klkp

and this is indeed the Pareto efficiency rule as derived by Jensen & Long,
and we see that it is different from the conventional value maximizing rule.

The difference is again given by-g Cov(Zg,Zj) =‘g Cov(p,Zj+ij) =-g(cpj-+1j0§).

As Merton & Subrahmanyam (1974) have pointed out, if fimm j takes the aggregate
investment in the project as given and independent of its own investment
decisions, then the conventional value maximization rule will be efficient.
This can be seen from differentiating (22) with respect to Ij under the con~
straint that aEIk/an = 0.1) Merton & Subrahmanyam then conclude that a
"correct" definition of price-taking should imply that firms consider aggre-

gate investment in the project as given.

The reason why the conventional value maximizing rule gives Pareto efficient
investment decisions if firms behave as if the aggregate investment in the
project is fixed, follows from constant stochastic returns to scale and the
fact that the returns on new investment are assumed to be perfectly correlated

across firms. Assuming constant aggregate investment in the project implies

1) This corresponds to what Fama calls the 'reaction principle" in Fama (1972).
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in that case that the total returns in each state are fixed. Hence, the
implicit prices for state-contingent income will remain unchanged since
they will only depend on aggregate returns in each state in case of
separation. Thus the capital market is completely competitive in the

Leland sense and the result follows from our proposition 1.

In the general case where returns on new investment are not perfectly
carrelated across firms or with non—-constant stochastic returns to scale,
aggregate returns in state s will depend on the distribution of invest-
ment across firms and hence the implicit prices T will depend on the in-
vestment distribution too. In that case competitive behaviour with respect
to r and § together with assuming constant aggregate investment would not
be sufficient for ensuring efficient investment decisions by value maxi-
mizing firms. Generally, efficiency in a mean-variance model requires

that firms valuate marginal returns on new investment according to the

valudation rule (17) or (21) in the infinitesimal and finite case, respectively.

V. Value maximization, Pareto efficiency and unanimity.

As shown in proposition 1, in the absence of external effects on the attain-
able set of income patterns (spanning) or if external effects from invest-
ment are evaluated equally by all shareholders (separation), stock value
maximization taking implicit prices as given may be considered as well-defined

at the level of the firm and will lead to local efficiency in the investment market.

On the other hand, Wilson (1972), Ekern and Wilson (1974) and Leland (1974a).
have questioned the adequacy of value maximization on the ground that share-
holders may not unanimously support value maximizing investment decisions
and in fact, Ekern and Wilson (1974) show in a mean-variance context that
all shareholders would disprove of the investment decisions of a conventional

value maximizing firm.

This seems rather confusing in view of proposition 1 above and we argue
here that this disparity of results is partly due to an inadequate specifi-
cation of price-taking (conventional value maximization) and partly to some
confusion over what is really meant by value maximization. Propositibn 1
only establishes that if firms know the individual implicit .prices

and behave as 1if (believe or perceive) these
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prices are constant, stock value maximization at these prices will

lead to local efficiency. But this does not imply that efficient invest-
ment decisions will maximize actual equilibrium values in the stock market
and it is equally clear that actual stock market value maximization may not
be in the shareholders' interest. This is so because a change in invest-
ment will have two equilibrium effects: a wealth effect due to the change
in the market value of the firm and a consumption effect due to the change
in the implicit prices for state-contingent income. These two effects may
act in the same or opposite directions and in the latter case it is a priori
impossible to say which one will dominate. It is, however, quite possible
for.the relative importance of these effects to differ among shareholders
in such a way that some shareholders are made better off by a change in a

)

. . 1
firm's investment and others are made worse off ’.

The analogy with conventional welfare theory is perfect in this case: in
the absence of externalities, profit maximization by price-taking firms will
lead to Pareto efficiency. It may, however, not be in the owners' interest
to maximize actual equilibrium profits if the firm is able to manipulate
prices, i.e., has some monopoly power, since this will affect the owners'

budget sets in the capacity of consumers (pecuniary externalities).

Returning to the mean-variance example for a while, we see from (16) that
with price-taking with respect to r and § the firm will act as if
Sﬂs/BIj = -p z}s(Ij) §/r and the economy will not be completely competitive
in the Leland sense. The true effect on implicit equilibrium prices from
a partial change in the investment in fimm j is

1

h

avrs/BIJ. = ps{-zjs(IJ.) +uj (Ij) [12127 - i ZkS(Ik)]cS} §/r

so that conventional value maximization does not imply that the firm is
maximizing actual stock market value, that is, takes full account of the
effect partial changes in the investment level will have on implicit prices.
For the special case that conspmers have constant absolute risk aversiom
utility functions Uh(x) = —e-B ¥ and jointly normally distributed risky
returns, we have thatz) E(Uh) = -exp(-BhE(ch) + (Bh)2 Var(ch)/Z). In that

case it is easily seen that equilibrium valuation functions take the form

1) This point is also observed in Hart (1977).
2) See Stiglitz (1972a).
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so that the risk discount & depends solely on the individual absolute risk
aversions and hence it is constant. In that particular case, price-taking
with respect to r and § would be consistent with actual value maximization
implying that a conventional value maximizing firm would take full account of
its monopoly power in the capital market. %mplicit prices are in this case
given by T =p_ Uh(c )/Z P Uh(c )r and éfficiency requires that firms behave as
if these prlces were glven

We shall now examine in some more detail the effect on the welfare level

of an-individual initial shareholder from a partial change in the investment
level of firm j. The budget constraint for an initial shareholder h is

given by

(23) o+ T alv. =2t 4+ alV.~L) + I® (=wD)
i ERRS RS B 0

where a? = a?/aj, and barred variables denote initial values. Differentia-

ting (23) with respect to Ij yields

le] v v
Bm k h "'k -h "k <=h
(24) _— ) e + L e——m =L o —m -
aI. al. k k . .
Moreover, we have
h B
Bc.s Bmh aak

= h o,
5T, "L ¢ z 3T, Zes (T + o5 25T

and substituting for Smh/an from (24) yields

(25) SI Z (a - a, )-—f— r+ L (Z (Ik) - v, ) — + . 2! (I.) -a. r
i k ks 3L, 73 s j
Hence, we have
h.,h av
E@WH _ . hoh ~h _ h, Tk h o, _ =h
(26) ——5T;—— L pSUs{ E (ak o) 3Ij T+ o st(Ij) o, r}

since all terms involving BaE/BIj vanish from the first-order conditions

(4) for shareholders' optima. Rewriting (26) gives
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3E" (™) /a1, o . .
(27) TJ- I (a - o) 33 +LT z' (I.) - a.
E(U)r k j ] S J J]s J ]

where the left-hand side of (27) can be interpreted as the change in the

welfare level of shareholder h measured in terms of the numeraire good.

From (7) we have

an
é 3?; st(Ik) k*3
v
(28) 5 =
I.
J Bwh h
-3 ¥ sl 4
Z BI ZJ (I ) + 2 Ty Z (I ), ke= j
and inserting (28) into (27) yields
3R @) /a1, T awh
(29) —————d = 3¢ ()+a(ZTrZ'(I)-1)
Eh(Uh)r L (o = o) L

The first term on the right-hand side of (29) is clearly the consumption
effect from a partial increase in investment in firm j while the second
term is the wealth effect on the welfare level of shareholder h, by condi-
tion (8).

We shall now examine in this partial equilibrium context under what con-
dition (i) shareholders will all agree on the desirability of a new invest-
ment in firm j, and (ii) shareholders will unanimously support that the
firm maximizes its stock market value. In the previous literature on this
subject one has distinguished between two unanimity concepts. Ekern and
Wilson (1974) and Leland (1974a) have studied ex post unanimity which means
that unanimity with respect to a particular investment plan occurs when
shareholders are currently holding portfolios which are optimal given current
investment plans, i.e., the impact on the welfare level of shareholder h is
evaluated at a? = &? for all j. Radner (1974) has discussed unanimity in

the ex ante sense which means that ex ante unanimity occurs when shareholders
holding initial equilibrium portfolios not necessarily optimal given current

plans, all agree to a particular investment plan.

From (29) the following proposition is obvious.
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Proposition 2.

Considering a partial change in the investment level of firm j, we have
that
i) Ex post unanimity will obtain if at least one of the following
two conditions 1is satisfied
a) the firm's technology satisfies the spanning property
b) all shareholders have identicai'beliefs and utility functions
exhibiting the separation property. ‘
ii) Ex ante unanimity obtains if we in addition to condition a) or b)
make the assumption that firms are believed to be unable to affect

implicit prices (completely competitive capital markets).

Thus, we see that if firms' investment decisions have no external effects on
the attainable set of income patterns or if such externmal effects ara equally
evaluated by shareholders, all shareholders will agree on the desira-~
bility of a given investment plan in the ex post sense, and if the capital

market is completely competitive, also in the ex ante sense.

The last term on the right-hand side of (29) can in view of (7) and (8) be
written as 5? :%—(V.*I.) , that is, the share of the increase in
3 9% 33 gheconstant

stock market value of initial interests in firm ] accruing to initial share-

holder h computed at h's (given) implicit prices. Thus we have

Pronosition 3.

If initialZ) shareholders believe that firm j is unable to affect implicit
prices and take investment levels in firms other than j as given, each
initial .shareholder will support maximization of stock market values of
initial interests at his own implicit prices. As implicit prices may
differ among initial shareholders, they may, however, not agree on what
investment decision which will maximize stock market value of initial inte-

rests in firm j unless spanning or separation obtains.

In a recent paper Hart (1977) has shown by a "limit argument' that if ome lays

1) ia) is essentially Ekern and Wilson's result on ex post unanimity while ii)
is Radner's result on ex ante unanimity.

2) It is easy to show that unanimity among initial shareholders will imply
unanimity among ex post shareholders as well. However, as noted by
Radner (1974), ex post shareholders would wish the firm maximizes total
stock market value Vj which follows from the fact that for an ex post

B g alv, =ates GV,

shareholder the budget constraint takes the form m V5
] ]
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down sufficient conditions for implicit prices to be independent of a
firm's investment decisions, then all shareholders will be unanimous

over the choice of a firm's investment decision whether or not the
spanning condition holds and for arbitrary consumer preferences. At

first glance, Hart's result may seem to contradict the above propositionms,
but the following argument will indicate that this conclusion may be too
rash. If firms are unable to affect implicit equilibrium prices in a
stock market economy where the consumer optima are effectively constrained
by the lack of complete markets, this must imply that firms’' investment
decisions have negligible effects on the attainable set of state-contingent
income and hence, "in the’'limit'" the extermnality effect will vanish and

ex ante unanimity will cbtain.

If we take into account the general equilibrium effects a change in the
investment level of firm j may have on the investments in firms other than
j, we get by a way of reasoning parallel to that underlying (29), that the
general equilibrium effect on the welfare level of initial sharesholder h

takes the form

Eaher, 5 e, 31,
(30) ——————dLl-=7 L IZ == 2, (L) g7 + L3 (Im 2) (I,)-1) 3=
En(Ug)r % T s BIz ks Ik an R $ dLj

whare 312/31j is the general equilibrium effect a change in the investment
level of firm j has on the investment level of firm 2. Hence, we see that
if firms 2% j for which 3Iz/alj$(3 are assumed to be completely competitive and
at the investment levels maximizing stock market values of their initial
interests at the implicit prices of all shareholders, propositiom 2
and 3 remain valid also when general equilibrium effects of changed
investment are considered. If firms other than j remain at an investment
level not satisfying condition (8) for maximizing competitive stock

market values of initial interests, prOposxtlon 2 ou unanimity on firm

j's investment plans ma§—EEE be generally true when oeneral equilibrium effects
are taken into account. EX ante ard ex post wanimity will however, still obtain in a
general equilibrium context if shareholders have identical beliefs and pre-
ferences exhibiting separation. In that case implicit equilibrium prices

are the same for all h and moreover, for any h the shares &2 will be the same
for all 2 if the initial allocation represents a stock market equilibrium and
hence the last term on the right-hand side of (30) will be of the same sign

for all shareholders h. As for proposition 3 on the desirability of stock
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value maximization, if condition (8) is systematically not satisfied for

all firms, it leaves open the possibility that even if shareholders

believe that firms are unable to affect implicit prices, an initial share-
holderh of firm i will think he will be better off by an investment decision
decreasing the perceived market value of initial interests in firm j if

the perceived market value of his total initial interests is thereby in-

1)

creased.

If the investment levels in firms other than j are different from those
maximizing the stock market values of initial interests at given im-
plicit prices, this means that the marginal social value of increasing
investment in those firms is different from marginal social cost of
investment (being equal to ome). This will be in the nature of a pe-
cuniary extermal effect in the sense that the change‘in the stock market
value of initial interests in firm j will for given implicit prices not
even in the spanning case capture the net social value (in terms of the ,
numeraire) of increased investment because of the reallocacion effects

in the investment wmarket. The problem is analogous to that under cercainty
when some firms systematically deviate from marginal cost pricing. In chat
case changas in competitive profiCS of a particular firm may not capturs
changes in social welfare because of possible resallocative effects on

firms deviating from marginal cost pricing; or to put it in mQre gemeral tarms
partial welfare amalysis is generally justified only if the.rest of the

economy is optimally adjusted.

For economists approaching the literature on capital market theory from
conventional market and welfare theory, the relationship between Pareto
efficiency and unanimity may seem somewhat obscure. Recalling that we are
only considering interior optima in the stock market, it goes almost
without saying that unanimity on a firm's investment decision is a suffi-
cient condition for that investment to represent an improvement in the
Pareto sense. On the other hand, unanimity is clearly not necessary for
Pareto efficiency. In particular, in the presence of externalities (non-

spanning) shareholders may valuate investment returns

1) Bart (1977) shows that this possibility is eliminated in "large"
economies if for each } a3 >0 implies a. >0 for some h', i.e., there

are shareholders who buy 5hares in each’firm in which h has an ini-
tial shareholding.
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differently at an equilibrium in the stock market (no separation) and hence
there is no reason to expect everybody to agree on a Pareto efficient invest-—
ment plan since the capital market will not provide the individual shareholder with
sufficient information for figuring out the true social value of invest-
ment. In such cases Pareto optima may not be attainable through unanimous
decisions. One might therefore cast some doubt on the normative signifi-
cance of the ynanimity criterion as an alternative to value maximization

in incomplete markets. On the one hand, given that the rest of the economy
is optimally adjusted, then , if unanimity obtains, all shareholders will
also support competitive stock value maximization when properly defined,

and stock value maximization in a (completely) competitive capital market
will lead to (local) Pareto efficiency. On the other hand, when the com=-
petitive market mechanism based on stock value maximization is likely to be
ill-defined in terms of market prices, shareholders will typically dis-
agree on Pareto efficient investment plans so that the unanimity criterion
fails whenever competitive stock value maximization fails in guiding the
economy to a Pareto optimum. In fact, in the presence of externalities,

a Pareto optimum may not be achieved through decentralized means - a lesson

which is well known from conventional welfare theory.

The above comments on the relationship between unanimity and competitive

value maximization is based on the assumption that the rest of the economy

is optimally adjusted. If this is not so, there is no presumption that

firms should maximize competitive market values. Indeed, from (30) we see
that if separation obtains in completely competitive capital markets, we

can easily imagine situations in which all shareholders would be unanimous both

ex ante and ex post that firm j should decrease the stock market value

. oI
of its initial interests as long as Z(Z nh Z! (1,)-1) RN 0 where of
28 s 7L BIj

course E 312/31j = 0. In such a case we are in a second best context as in
the conventional economy under certainty where some firms deviate systema-
tically from marginal cost pricing (monopoly pricing, taxation, etc.), and
as is well known from second best theory, in that case competitive profit

maximization may not be optimal in the controllable part of the economy either.

As noted earlier, although all shareholders may agree that firms behaving
as price-takers with respect to implicit prices should maximize stock market
values, this does not mean that maximizing actual stock market values would
be in the shareholders' interests. We shall finally examine this problem

in some more detail, that is, under what conditions would maximization of
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actual stock market values be conduicive to maximal shareholders' welfare.
To answer this question in full generality would require that we were able
to calculate the exact effects on the equilibrium prices P from adopting a
particular investment plan in a given firm. Generally, this would be a
formidable task which is presently beyond our means (at least mine). We
therefore pose a more limited and hopefully manageable question.

Suppose that by a suitable reallocation of the investment resources among
its investment projects firm j can undertake a costless change in the
). G I

i1’ ? JS)

Then we ask under what conditioms this costless change in the returns per

return pattern per outstanding share as given by de = (dX

share will increase excess demand for shares in firm j if and only if this

change is in the interest of its shareholders. Clearly, maximization of

excess demand would be consistent with actual market value maximization under

most reasonable share price adjustment processes.

To find the social value of the infinitesimal change de of the j-th row of
the return matrix X we first define dmh as the compensating variation in risk-
less imcome that would compensate shareholder h for the change de. Up to a

first-order approximation this is given by

1]
o

z phUhrdmh + phUhang. =
3 s s s “s s ] js
or

- dn® = £ a%ntax,
s 3 s js

Clearly, -dmh'is the value of the infinitesimal change dX. for consumer h
evaluated in terms of the riskless asset (numeraire). Total social value

of that change is then given by

G I -do® = £z aPrPax,

B hs 48 38
As a? and st enter the relation defining c: in a bilinear form, the feasible
set in the income space will be non-convex. Hence, (31) is a local measure
of the social desirability of the change de. That means that the absence of
costless variations de generating positive social value as given by (31),
is necessary and sufficient for local efficiency (excluding again the possi-

bility of saddlepoints).
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Qur problem is therefore to explore under what conditions we have

(32)  Ir aimfax, >0 <=> I —=l-dx, >0
hs ] s ]s S

In order to examine the effect on excess demand from the infinite-

simal variation de we assume in addition to previous assumptions that"
shareholders have initial endowments of state—contingent income so

that consumer h's endowments are given by the (S+l)-dimensional vector
wh = (w:,wg,...,wg)' and taking the budget constraint into account, con-

sumer-h's income in state s is then given by

ch = rwh -rl abv. + wh + a?x.
] o j 3 S j 31 3s

This does not change first-order conditions for interior consumer optima
as given by (4') and restated below for the comvenience of the reader.

h h
oE (g ) o (‘rVaX)EP =0 (a column vector) .
da

(4"

Total differentiation of (4') with respect to dah and (-rdvj,de) yieldsl)

2.h,h 2.h
0 = g—ﬁLLHEl dah + g E (Uh) (-xdv.,dX.)'
32 (3a™)" 32" (-rdv, , 3K,) 3]

-

= (-rv,X)g'h(-rv,X)'dah + {a?(-rv,X)HP + Gj(gP)'}(—rdvj,de)'

where Sj is the Kronecker delta vector with the j-th component equal to one

and all other components equal to zero. Rearranging gives

Gah

(33)
(-rav,3K))

= (-rv,X)y_h(-rv,X)'}-1{a?(—rv,x)y_h ENCOR:

Total differentiation of (4') with respect to dah and dwh gives

1) For the matrix X the row vector X. is understood to be the j-th row

of X, X" is its k-th column and X%k its jk-entry.
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2ph 2-h . h
da (3a)' da (dw )'

(v, U (-rdwlg,dwh

. h '
l,...,dws)

and rearranging yields

Bah

cey OW

(34) = ~{ (v, D) T (v, %) '} (v, 1) O

h

o’’

h

g

(row

Combining (33) and (34) we have

h h
(39 oy - 2 da == { (~rv, )P (-1v,X) '} Lo !
(=rdv.,3X. j h h L S

j j (TOW 4 oeeydW. )

o S

h (where the superscript j
_ 3%E (Uh) =1,3,.h, denotes the j-th column of
{( VN ) TH (u) h .
32" (3a) " - the matrix)

This gives the ordinary Slutsky matrix for asset demand functions

3a® 2™y  n
= ur

9w - Sah(aah)' -

h
(36) 227 4@

o o

with negative diagonal entries from the negative definiteness of the matrix

of second-order derivatives as given by (5).

Looking at a particular element of (35) and using (36) we have

aatlz h aaz | h -1 h
= — - - 1)
S X, 3 . n {((-xv, 000" (-zv,0) ') }kj g
js BWS :
h h h
ho% [% %] a
T, T Tl Ts
Sws i J awo
ph .
where Tr: = p; !; = 11_: /321' by previous definitions.
s “s's

Thus, the total demand effect from the change of returns per share in firm



j can be split up into a wealth effect being proportional to the effect
of an increase in initial endowments of state-contingent income and a
substitution effect being proportional to the net substitution effect of

1)

a decrease in the price per share in firm j.

It will be convenient to rewrite (37) in the form

h h h h
38) Bak ) ah'( Bak _ Bak b ) ) Bak h
X, h| h h s . s

js aws Bwo b

where the first term on the right-hand side of (38) will be referred to as
the general wealth effect on demand for shares in firm k from increasing

returns per share in firm j in state s.

We define n? = (Ba?/avj)(vj/a?) as the uncompensated price elasticity of
demand for shares in firm j for shareholder h. Clearly, we have that the
price elasticity of total demand for shares in firm'j is given by

n, = z aJn?/i a?
We find the effect on aggregate excess demand for shares in firm j from
the infinitesimal variation de by aggregating (38) over h for k=j which,

after some simple manipulations gives

h h h
da. h da, da. h n. h h
(39) ZZa—XJ—dX.S=Za.Z —%--—'%w dx, - =171 a? g mlx
hs is s« K 1 s Bws awo s js vj R J s Js
-1 z a?(n? -n.) X ﬂth
Vih 3] b s s

The third term on the right-hand side of (39) can be interpreted as a

weighted sum (with weights Vl dX ) of the covariances over consumers between

h
the implicit prices W? and tge uncompensated price elasticities of demand n

1) An analogous expression for the effect of a quality change on the con-
- sumer demand for commodities is derived in Dreze and Hagen (1978).



Comparing (39) with (32) we have the following result:

Proposition 4:

Given that shares in firm'j are normal assets (nj < 0), a sufficient
condition for infinitesimal variations de to generate positive excess
demand for shares in firm j if and only if these variations are local-
ly consistent with the interests of the shareholders, 1is that the
general wealth effect associated with de be zero and that the indi-
vidual implicit prices be uncorrelated with price elasticities of

individual demands.

We note that the covariance term will vanish at a stock market equilibrium
if the firm's technology satisfies the spanning property or if the share-
holders have identical beliefs and utility functions exhibiting separation.
In case of spanning there must exist a non-zero vector o = (al,...,aj)'

h h
such that dX. = a'X and hence £ mdX, =L 7T I a Xk = a'v and the result

] s s s s S k k ks

is obvious and in the latter case it follows from the observation that
individual implicit prices must be the same for all shareholders at a stock

market equilibrium.

This suggests that the inefficiency of actual market value maximization due
to the external effects of firms' investment under uncertainty is reflected
in the covariance term while the inefficiency caused by the effect on

implicit prices is reflected in the general wealth effect.

In case of spanning the general wealth effect takes a particular simple

form. To see this, we note that

) h Bab Bah ‘h Ch 3a§ _ L
(40) a; % —% -—k ) dx, = a) — 1 = (-rm,1)'dX!
y v, dw s 1S J (xdw,,dw], ..., 3wg) J

Substituting (40) into (34) using dXi = X'e by assumption and
(=7, I)'X' = (-rv,X)' by (6), we have that

i

1) (-rm,I) is the (SxS) identity matrix augmented by the vector -rT as
the first column.
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h  ..h
da., da,
1)  atf (—-—d P )ax, = = (v, )P (-rv,x) '} ik
] s 3wh aw1'1 s js ] - ]
s Q

x{(-rV,X)HP(-rV,X)'}a = -a?aj

and the general wealth effect vanishes if and only if aj =0,

Thus we have.

Proposition 5.

Under spanning and given that nj < 0, a necessary and sufficient con-
dition for maximization of excess demand for firm j's shares to be
locally consistent with the shareholders' interests is that dxj is

contained in the row space of X other than row j.

Under spanning all shareholders will agree in the ex post semse on the
desirability of a firm's investment plan and if they perceive that implicit
prices do not change they will all support stock value maximizatiom. From
proposition 5 it follows,.however, that actual value maximization will not
be in the shareholders' interests unless the marginal return patterm asso-
ciated with the investment plan can be obtained as a linear combination of
existing shares in the market not involving the sharss of the firm contem—
plating investment. In that case firm j's monopoly power in the stock
market washes out as there exists a perfect substitute in the market for the
marginal return pattern de donsisting of a linear combination of shares in

firms other than firm j.

VI. Concluding remarks.

In the present paper we have explored the efficiency implications of
value-related investment criteria for decentralized investment decisioms
under technological uncertainty and the general conclusion is negative

in the sense that except for some special cases, the market allocation of
investment effected through decentralized and incomplete capital markets
is likely to be inefficient. This is so bec%use investment decisions
under uncertainty will generally have external effects for which there

do not exist well-defined stock market prices and hence, there does not

in the general case exist any clear or well-defined definition of competi-

tive behaviour based on observable market characteristics in which case the
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competitive benchmark with respect to investments does not seem to be
meaningful. Indeed, in the general case the choice of a Pareto efficient
investment plan in a given firm requires explicit knowledge of consumers'
preferences as one would expect in cases where firms' production plans
have external effects not fully reflected through competitive profits at
market prices.

/
Under certain conditions as to market structure (complete set of markets)
or on the stochastic technologies (spanning) the external effects asso-
ciated with investment under uncertainty will vanish in which case all
welfare-relevant consequences of an investment plan will be fully priced
in the stock market and changes in stock market values at given stock
prices will capture the social value of the plan. On the other hand, if
preferences satisfy the separation property and shareholders have identical
beliefs, all shareholders will evaluate the external effects associated
with any given investment plan in the same way, and hence they will all
agree on the social value of any given investment plan and the Pareto
efficient plan could be chosen by a unanimous vote. Alternatively, the firm
could choose the Pareto efficient plan through relying on the preferences
of an arbitrary shareholder and formally the efficient plan would maximize
the firm's stock market value of initial interests at the shareholder's given
individual implicit prices for state-contingent income (being the same for

all shareholders in that case).

It follows trivially that when decentralized value maximization by competi-
tive firms is well-defined and leads to Pareto efficiency, value maximizing
investment decisions will be unanimously approved by all shareholders. The
converse conclusion does, however, not follow, that is a Pareto efficient
alloecation may not be obtained through the decentralized market mechanism
with market value maximizing firms as there will in general be externalities
associated with firms' investments in incomplete markets. In such cases the
market will not provide adequate price and value signals for shareholders to
compute the social value of investment and hence shareholders may not unani-
mously support Pareto efficient investment plans because of lack of relevant
information except for the case with preferences exhibiting separation and

with identical beliefs in which all will agree.

Most of the examples given in the literature assume implicitly away the price
information problem in that they are within the mean-variance context and hence

consumers' preferences exhibit separation. It is therefore argued here that
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the controversy between value maximization and shareholders' unanimity
is in these cases caused by an inadequate specification of competitive

behaviour in incomplete markets.

In the first place the conventional value maximizing rule as specified

by i.a. Stiglitz (1972a), Jensen & Long (1972) and Fama (1972) defines
price-taking with respect to the "wrong' prices as it implies a downward
sloped demand schedule for shares which are the true objects of choice in
incomplete markets. It is therefore not surprising that the market
outcome in that case turns out to be inefficient and in such cases value
maximization would clearly not be in the interest of all shareholders.
Second, one must distinguish between value maximization in the perceived
and in the actual sense. True competitive behaviour requires that
producers do not take into account any relationships between prices and
their own production decisions, i.e. , perceived value maximization. This
is a well-known prerequisite for efficiency of market behaviour in general
and should not be mixed up with the empirical question of whether or not
firms are able to influence prices in the stock markets and do take this

into account.

Some authors1) have stressed the fact that in the case firms' return
patterns are linearly independent, each firm would have a monopoly on

its own return pattern and one would expect this to affect firms' market
behaviour. It has been verified here, however, that in case of spanning
any monopoly power firm j may have will vanish if the returns on new
investment is contained in the space spanned by the returns of firms other
than j. 1In case of separation only aggregate returns in each state would
matter for implicit prices so that a firm's monopoly power would in that
case depend on its marginal contribution to aggregate returns in each
state. In all other cases firms' investment under uncertainty generates
external effects pointing to likely inefficiency of decentralized market
behaviour. As the market in such cases will not provide adequate informa-
tion for a proper evaluation of the social desirability of firms' investment plans,
there does in suwch cases not exist any market alternative for aggregation of
consumer preferences. In this respect, the allocative problems caused by
the external effects of investment are in a fundamental way different from
those caused by firms' ability to affect market prices which is clearly in

the nature of pecuniary external effects.

1) See 1.a. Mossin (1973).
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ON THE OPTIMALITY OF THE COMPETITIVE
MARKET SYSTEM IN AN ECONOMY WITH
PRODUCT DIFFERENTIATION*

Kére P. Hagen

Norwegian School of Economics and Business Administration, Bergen, Norway

Summary

This paper deals with an economy where firms can vary the quality design of their
products. By postulating that consumers have preierence orderings over quality
characteristics, Pareto optimal rules for production, distribution and quality
design are derived. We then examine the price implications of a Pareto optimal
range of quality designs and it is shown that, in general, commodity prices will
not provide profit maximizing firms with the correct information for Pareto-
optimal choices of quality design.

I. Introduction

The efficiency achieved in the allocation of resources through competitive
markets is perhaps one of the most powerful resuits in economics.! For this
reason a system of decentralized decision-making through competitive markets
is often considered to be an ideal way of organizing economic acitivty.
Despite the completeness and intellectual beauty of competitive market
theory, it certainly leaves many market phenomena of the real world unex-
plained. One of the most striking features of modern societies is the buge
number of varieties of each basic commodity traded in the market. Tradi-
tionally, product differentiation has been regarded as one of the characteristics
of monopolistic competition and consequently, as being outside the realm
of the competitive model. Furthermore, since any deviation from competitive
behavior will be detrimental from an efficiency point of view, one might be
tempted to view product differentiation as an obstacle to efficiency. This
line of reasoning, however, may be false. The notion of efficiency as used in
economic theory is merely concerned with production and distribution of a given
list of goods. However, when we allow for a large number of quality variants
of each basic commodity, a qualitative dimension is introduced into the
efficiency concept. In addition to whether the economy produces and distrib-

* The author is indebted to Agnar Sandmo for many useful comments.
1 For an excsllent survey of the competitive market model, see Essay I in Koopmans [2].
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utes a given commodity in optimal amounts, the question may be raised
as to whether the economy produces the right quality variants of each basic
commodity. The latter aspect of efficiency may be called qualitative efficiency.

In this paper, we try to introduce possibilities for product differentiation
in a competitive setting. In particular, we look for the existence of efficiency
prices in such an economy. The concept of efficiency prices means that if
consumers maximize utilities and firms maximize profits, taking these prices
as given, the resulting equilibrium production and distribution of commodities
will be efficient from a guantitative as well as a qualitative point of view.

Formally, product differentiation could be introduced into the market
model by considering each possible quality variety of a given good as a separate
commodity and consumer preferences could be defined over all conceivable
varieties, including quality variants which are technically feasible but not
yet present in the market. However, it might be difficult to conceive of con-
sumers ranking both existing and possible, but non-existing, goods. Also,
such a model could hardly explain why firms differentiate their products.

A more natural approach to the problem of quality choice, based on Lancaster
{3] and (4], would be to postulate that the ultimate objects of utility are not
commodities, but rather the characteristics or properties which commodities
stand for in the eyes of the consumer. Consequently, a commodity can be
represented by a set of quality indicators, one for each characteristic. A given
commodity can thus be considered as a package of quality characteristics.
Consumer preferences are defined over quality characteristics which will in-
duce a preference ordering over the commodity space.

This is the approach used here. The main advantage of this approach
in the present context is perhaps that it enables us to give a precise and opera-
tional definition of quality change of a given good.! A change in quality can
be defined as a change in the amount of characteristics provided by a unit
of the good. Product differentiation possibilities exist for a given firm if the
firm can change the amount of characteristics contained in a unit of its product.

In this paper we focus particular attention on the qualitative aspects of
efficiency, i.e. determination of criteria for a socially optimal degree of product
differentiation and the price implications of an optimal quality pattern.

II. Exchange of Quality Characteristics through Competitive
Commodity Markets

It is assumed that each commodity is defined by a finite number, 3, of quality
characteristics and, given the unit of measurement, these characteristics are
perceived identically by all consumers. That is, the quality of a commodity
is assumed to be of an objective nature and known to all consumers.

! A similar approach was also applied by Griliches (1] in an attempt to incorporate quality
changes in price indexes.
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Quality characteristics, rather than the commodity itself, are assumed to
be the ultimate objects of consumer satisfaction. Consequently, consumer
preferences are basically defined on the space generated by the quality charac-
teristics, which will be called the quality space or for short, the @-space.

If there were a market for each quality characteristic, which implies that
each characteristic could be traded separately, this exchange economy would
simply be a trivial reinterpretation of the traditional exchange economy
where commodities are reinterpreted as characteristics. The set of feasible
trades in such an economy, i.e. the set of obtainable quality vectors, to be
denoted Q, would be an s-dimensional rectangle in the s-dimensional Euclidian
space bounded by the total amount of each characteristic available. Exchange
equilibrium would be characterized by the marginal rates of substitution
between any pair of characteristics being equal for all consumers and the
equilibrium exchange would of course be efficient in the Pareto sense.

However, quality characteristics will generally not be available in pure form.
They must be acquired through commodity markets where a particular
commodity represents a package of quality characteristics in fixed proportions.
Since, for the moment, we are studying an exchange economy, the number of
commodities and the total amount of each commodity are fixed. Each commod-
ity will be defined by a quality vector where the components are the amount
of the various quality characteristics contained in a unit of that commodity.

Notations and assumptions:

§  =(dgi, ...,q}) is the vector of characteristics purchased by consumer
1, t=1, ..., m. All characteristics are assumed to be measured in non-
negative terms. All superscripts in this paper refer to consumers and
barred variables denote vectors.

UYg") = the utility function of consumer ¢ defined on the @-space. The functions
UY-) are assumed to be strictly quasi-concave with strictly positive
partial first-order derivatives. That is, we assume no satiation and that
every quality characteristic is desirable.

.  =(qcys --+» Qes) i the vector in the @-space representing a unit of commod-
ity ¢, c=1, ..., n. All vectors §, are assumed to be linearly independent,
which means that there can at most be as many commodities as

. characteristics.

P,  =the price of a unit of commodity ¢, ¢=1, ..., n.

Z  =(zl, ..., z}) is the commodity vector purchased by consumer 4. It will
generally be assumed that £!>0 for all 4.

7t = (yl, ..., y) is the vector of initial holdings of commodities held by
consumer 1.

Assuming that quality vectors can be added linearly, the vectors of quality
characteristics obtainable for consumer ¢ in commeodity markets are given by
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where @ is an (» x3) matrix where the rows are the n quality vectors. Con-
sequently, the mapping from the commodity space (C-space) to the Q-space is
linear. The matrix @ is not indexed, which indicates the unanimity of quality
judgements. We let T'(Q) denote the n-dimensional subset of the n-dimensional
polyhedral cone spanned by the row vectors of Q where the coefficients are
restricted by the availability constraints zE<J[, %, c=1,..,n. T(Q) is
clearly the set of quality vectors which can be obtained by trading in com-
modity markets and it is denoted the feasible trading set. Since we have as-
sumed that no commodity can be purchased in negative quantities, the feasible
trading set in the commodity markets will be a proper subset of the set of
feasible trades obtainable with a complete set of quality markets (). This
applies unless the set of row vectors of the @-matrix contains a basis for the
Q-space of the form (4,4, ..., 1,4,), where ¢, is the jth unit vector, which is a
trivial case because each characteristic would then be available in pure form
and the economy would be equivalent to the exchange of characteristics
through a complete set of guality markets, one for each characteristic. There-
fore, it is generally assumed that 7'(Q) is a proper subset of Q.

The situation is depicted in Fig. 1 where we have assumed two characteristics,
¢, and g¢,, and two commodities whose units are represented by the vectors
d and 5. The vectors 4 and B represent total amounts of commodity @ and 5,
respectively.

If each quality component could be traded in separate markets, the feasible
trading set would be given by the rectangle O DCE. However, when exchange
of quality characteristics is restricted to taking place by means of an exchange
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of non-negative amounts of the two commodities, the feasible trading set is
given by the shaded area OBCA.

For given commodity prices, the obtainable set of quality vectors for each
individual, i.e. his opportunity set, is determined by his budget constraint
r Pzt —yt)=0. It is easy to show that the individual opportunity sets
in the @-space are closed, bounded and convex subsets of T'(Q). In particular,
if there are at least as many characteristics as commodities, the budget plane
in commodity space is transformed into an n-dimensional hyperplane in the
Q-space. In Fig. 1, the individual opportunity set may be represented by the
area OB’4’,

The preference ordering defined on the Q-space induces a preference ordering
over (C-space. This relationship is given by U'(Z'Q)=F*£') where F!(-) may
be interpreted as the induced utility function on C-space for the ¢th individual.
It is trivial to verify that if U'(-) is strictly quasi-concave on the Q-space,
then the induced function F'(-) will be the same on the C-space, so that in-
difference surfaces on the C-space will have the usual convexity properties.

Equilibrium in commodity markets is determined by utility maximizing:

Max UYF Q)

subject to iml,...m

ch pc(zie - 9‘5.-) =0

Market ciearing:

i(ﬁ--y‘é)'o c=1,..,n

t=1
Necessary conditions for maximum are given by?

L4

’Zl Ti(# Q) qu=Ap, ¢c=1,...,n n
where Uj(-) denotes the partial derivative of U'#Q) with respect to the
jth argument and the Lagrangean multiplier A' has the usual interpretation
of marginal utility of initial wealth. (1) may be rewritten as:

3

2 Ui#Q) gy .
1=l =2 ja1,...m (2)

2 Ui# Qs Ps

1 If there are more commodities than characteristics, n>s, the system of first-order
conditions would be over.determined and for a solution to exist, n—¢ of the first-order
conditions must be expressible aa linear combinations of the remaining ones. This implies
that n—s of the prices must be linear combinations of the ¢ prices corresponding to the
maximum number of linearly independent quality vectors.
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The left-hand side of (2) can be interpreted as the marginal rate of substitu-
tion between commodity (quality vector) ¢ and 4 and in equilibrium this is
equal to the relative prices for all consumers. Hence, the equilibrium exchange
of commodities is Pareto optimal. It can easily be seen that condition (2)
will not necessarily imply equalization of marginal rates of substitution be-
tween quality characteristics over consumers, so that the allocation of quality
characteristics effected through commodity markets will not be Pareto optimal
in general. In this sense the competitive allocation of characteristics in com-
modity markets will be a constrained optimum or some kind of second-best
allocation relative to the commodity market structure.

Rewriting condition (1) as

1 ¢ 3
B 2 U;(EQ)QdE zn;qg-f"?cv c=1,....,n ‘ (3)
=1 j=1

the factor 7j=(1/A") U}(#'Q) may be interpreted as the implicit price per unit
of characteristic j for consumer 7 evaluated at equilibrium in the commodity
markets, i.e. 77} is the implicit price consumer 1 is willing to pay for a unit of
characteristic j. Since the equilibrium exchange of commodities generally
represents a constrained Pareto optimum in the Q-space, the implicit prices
for characteristics will differ for different consumers.

However, if there are as many commodities as characteristics, n=s, and
the purchase of commodities in negative quantities is permitted, the equilibrium
exchange of commodities will represent an unconstrained Pareto-optimal
exchange of characteristics since the set of commodities (quality vectors)
will span the s-dimensional @-space. In this case the implicit prices for charac-
teristics, at an equilibrium in the commodity markets, would be the same for
all consumers and could in principle be computed from (3) as 7' =@~¢’ where*
F=(nl, ..., 7)) (the same for all 7) and F=(py, ..., Da)-

In general, however, an equilibrium exchange of commodities represents
a constrained Pareto optimum in the @-space, in which case the implicit price
vectors for characteristics will be in a subspace of dimension s-n. This implies
that there will not be any one-to-one relationship between implicit prices for
characteristics and equilibrium commodity prices.

As separate markets for each quality characteristic are not likely to exist
in any economy, the equalization of marginal rates of substitution between
quality characteristics is not a particularly useful criterion for exchange effi-
ciency in commodity markets. In the analysis below, the concept of efficiency
in commodity markets refers to efficiency in the sense of condition (2) since
the unconstrained Pareto-optimal allocation is generally not obtainable under
a commodity market structure.

! Prime denotes transposition.
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I11. Allocation of Resources and Commodities in a Production
Economy with Fixed Product Differentiation

Each firm is assumed to produce a single commodity (quality vector) with
a single input common to all firms. Thus, the firms’ decisions on product
differentiation are suppressed for the time being. All firms behave as price.
takers in the commodity and input markets. Firm ¢ produces commodity e,
a unit of which is defined by the vector §,=(g.y, .-) ges) € =1, ...y m.

k. =input of the common factor of production in the cth firm,

ko = total endowment of factor k,

r =price for a unit of factor &,

z. =amount of commodity ¢ produced by firm ¢, and

2, myp,(k,) is the production function of firm c. It is assumed that y.(k.) >0,
Ye(ke) <0.

Equilibrium in commodity and factor markets is determined by utility
maximizing on the consumer side and profit maximizing by firms. Ttility

maximizing implies

2 Ui(#Q) gy

e R T}
2UEQw
Profit maximizing implies

?P;(kc)Pc =70l D, "r/"l’;(kc)’ c=1,..,n
Finally, commodity and factor markets must clear:

ike'k\) and %11‘:"%(17:) c=1,..,n
f=]1

cwl

By combining the maximum conditions above we get the competitive alloca-
tion rule

suEeun

t=1,...,m- 4

The left-hand side of (4) is consumer +’s marginal rate of substitution between
commodity ¢ and d, while the right-hand side may be interpreted as the marginal
rate of transformation in the production of commodity ¢ and 4. Hence, for
fixed product differentiation, the competitive allocation rule is Pareto-optimal
since the marginal rates of substitution between any pair of commodities are
equalized for all consumers and equated to the marginal rates of transforma.
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tion in production. Again, this result should be rather trivial, because when
we restrict the efficiency concept to the commodity space, we are left with
the standard competitive model.

IV. Optimal Allocation of Resources and Commodities in a
Production Economy with Possibilities for Product
Differentiation

We now make the rather realistic assumption that, within limits set by its
technology, a firm can produce a certain range of quality vectors. The set
of producible quality vectors for a particular firm is called the firm’s production
set. All producible quality vectors of a given firm are assumed to form a
convex polyhedral cone in the Q-space. For fixed factor input, the maximum
amount which the firm can produce of the various quality vectors in its
production set is assumed to be given by a concave boundary surface in the
Q-space. The boundary surface of a particular firm will indicate the substita-
tion possibilities between the various quality characteristics producible in
that firm with a given input level. We call this the firm's transformation sur-
face. It is assumed that the transformation surface in firm ¢ is given by the
implicit function

ho(z.§.) =0,2,20,3.€C,, c¢=1,..,n

where C, is the convex polyhedral cone representing firm ¢’s production set.
Moreover, we make the simplifying assumption that the boundary function
h.(2.d.) is a homothetic function so that all information about the substitu-
tion possibilities is contained in the unit surface A.(g,) =0. This means that the
transformation surfaces corresponding to different production scales will be
radial expansions of the unit surface, i.e. the substitution possibilities will be
independent of the level of input. This seemingly rigid assumption is motivated
by the fact that it enables us to separate decisions as to production scale and
product differentiation. Needless to say, these decisions will generally overiap.
However, relaxing the assumption of homotheticity of the boundary functions
h.(+) would complicate the formulas without changing the qualitative structure
of the results.

Since each commodity has a positive price, all efficient production choices
must be located on the boundary surface for a profit-maximizing firm. To
keep things simple, we retain the assumption that for technological reasons,
each firm can only produce one commodity. This means that each firm can
select only one vector from its production set. Thus, we have substitution

possibilities in each firm ex ante but no substitution ex post. It is also assumed

that any quality vector in the production set of a particular firm is produced
Swed. J. of Bconomics 1975 l
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on the basis of the same production function,! i.e. z, =y (k.), where z, is the
amount produced of quality vector ¢.€C..

A typical production set is depicted in Fig. 2 for the case of a two-dimen-
sional @-space. We have drawn three different transiormation curves, A{yp(£)J) =
0, corresponding to factor inputs &'’ >%"' >%’. These curves are characterized
by the fact that the derivative dg,/dg, is comstant along any quality ray in
the cone C.

In order to avoid the problem of corner solutions, it is assumed that quality
vectors on a facet of the convex polyhedral cones . will never be optimal.
In the example in Fig. 2, this can be ensured by imposing that dg,/dg, = —
along the ray 13, and dg,/dq, =0 along iJ,.

Efficiency in an economy such as this raises two problems: (i) How should an
optimal quality vector in each production set be selected? (ii) What are the
optimal production and distribution of the set of quality vectors (commodities)
selected under (i).

(ii) is the traditional efficiency problem in a production economy. Problem
(i), however, introduces a qualitative aspect into the efficiency concept.
Since each firm has, within certain limits, an ex ante choice between producing
different quality variants of its product, the question arises as to how an
optimal pattern of product differentiation should be determined for the whole
economy. '

1 This implies that variations in the quality design of the product do not requirs resources.
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Pareto-optimal rules for production, distribution and product differentia-
tion can be obtained by solving the following constrained maximum problem:

Max ) 7 UYZ'Q) (where 7,i=1,...,m, are arbitrary positive weights)

fwl

subject to

> zhmylk),c=1,...,n (commodity availability constraints),
f=l

2 k,=ky (input availability constraint),
ew=l
h(3)=0,c=1,...,n -(quality constraints).

Forming the Lagrangean, we have

L= 32 0@~ (S d-vika) ~of 3 be=ke) - 2 vt
iml cml i=1 Gl

Gl

and the first-order conditions for an optimum are given byt

¢ UHEQqy=u, i=1,...,mic=1,...,n (3)
st

beWelk) =0 c=1,...,n (6)
‘Z‘r‘Uﬁ(f'-Q)xf,avch;,(qc) j=1,...,%c=1,...,n )

where h.,(-) denotes the partial derivative of A.(:) with respect to the jth
argument.
Combining (5) and (8) gives the efficient allocation rule

I-Zl TiEQ 2 o He_olvelks) _ palka) i=1....m (8)
S T4EQ) 0w M olvalks) welke)

=1

Condition (7) may be rewritten as:

SeU@EQd

fml _hc'l(Qc)_ _a&k c-l,...,n (9)

mz ,r; m (.'E‘ Q) fc hék(?c) aQt:i
{wl .

! Although the individual utility functions are strictly quasi-concave on the Q-space,
and also strictly quasi-concave in the z! for a given set of quality veetors, the U(:) will
generally not be jointly quasi-concave in zf_, and ¢, Thus the first-order conditions ars
not. suificient for a global optimum.
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Condition (8) is of course identical with the Pareto-optimal production rule
for a production economy with fixed product differentiation. Condition (9),
however, must be interpreted as a condition for Pareto-optimal product
differentiation or qualitative efficiency. Generally, the left-hand side of (9)
will depend explicitly on the distribution of z; over consumers. Consequently,
the Pareto-optimal trade-offs between quality characteristics may differ for
different firms. A Pareto-optimal degree of product differentiation may
even require that firms with identical technologies, i.e. identical production
sets and substitution possibilities, produce different quality vectors.

Moreover, the optimal differentiation rule (9) is not equated to any parameter
ratios of the problem and since optimal differentiation depends explicitly
on the optimal exchange of the resulting commodities, this implies that ex-
change efficiency and qualitative efficiency cannot be separated. Thus, it
seems that the separation of productive and distributive efficiency which is
so fundamental to allocation theory cannot be extended to the case of product
differentiation.

For an economy with product differentiation, Pareto-optimal production
choices will generally not be efficient in the Q-space.! The reason for this follows
from the fact that characteristics have to be distributed through commedity
markets so that there may be a trade-off between the degree of product
differentiation, i.e. the range of choice, and the amount of each characteristic
produced. In other words, there.may be a trade-off between the “width"’ and
the “length” of the feasible trading set. This is illustrated in Figure 3, where
two characteristics and two production units have been assumed. The allocation
of inputs to firms is assumed to be optimal and the resulting transformation
curves in the Q-space are given by 447 and BB" for the two firms, respectively.
The transformation curve for the whole economy is given by CC” and it is
constructed by adding ail points on 44" and BB” with equal slope. This is an
efficiency frontier in the sense that for any given point located on this curve,
more of one characteristic cannot be produced without producing less of the
other. The ez anie feasible trading set is the collection of all (g,, ¢,)-combina-
tions which can be obtained in the commodity market with the given state
of technology. In Fig. 3, the ex ante feasible trading set is given by the area
OB*C"C'CA.

We assume that the vector 4’ is selected from the production set of the
first firm and B’ from the production set of the second firm. Then the ez post
feasible trading set is given by the shaded area OB’C’4’. It is clear that pro-
ductive efficiency in Q-space requires that points on the two transformation
curves with equal slope are selected, that is, if there were a market for each
characteristic, only points on the transformation curve CC” would be part

* Productive efficiency in the {-space refers to an allocation of resources such that the
total amount of one particular characteristic cannot be increased unleas the total amount
of some other characteristic is reduced.
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of a Pareto-optimal solution. However, since characteristics are distributed
by means of commodities, we may conceive of situations where it is optimal
to select points on the two transformation curves with different slopes. This
may be the case if consumer demands are very dispersed in the Q-space in
the sense that some consumers have a very strong preference for characteristic
g, while others have a very strong preference for g.. The widest possible ez posé
trading set would be obtained by selecting points 4 and B" from the two
production sets, respectively. It can easily be seen that total production in
this case will fall short of the efficiency frontier CC”, thus confirming our
assertion that there will be a trade-off between efficiency in the production
of characteristics and the range of choice for consumers.

We now turn to the question of whether a Pareto-optimal allocation satisfy-
ing conditions (8) and (9) can be effected through a decentralized competitive
market system. As noted above, the problem of qualitative efficiency cannot
in general be separated from that of distributive efficiency. Hence, there is
no price system common to all economic agents which ensures that profit
maximizing of competitive firms will lead to a Pareto-optimal pattern of prod-
uct differentiation.
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It is not even quite clear what competitive behavior should mean in this
context. For a given choice of quality, price-taking certainly requires that
firms behave as if they believe that 3p /dz,=0. However, it is not at all clear
what price-taking with respect to quality variants should mean. A possible
suggestion may be to take the implicit prices for characteristics as given, i.e.
as independent of the decisions of the individual producers. In this case, firm
¢ would perceive the relation between its choice of quality and its product
price as given by (0p./dg.,)dq.s =7{dq.;. The problem inherent in this approach
is that the implicit prices for characteristics are not readily available in com-
modity markets. Moreover, for the case where n<s, the implicit prices will
differ for different consumers so that the outcome would depend on whose
implicit prices are being used.

For the special case where n =3, the implicit prices are uniquely determined
by equilibrium commodity prices* and can in principle be computed from
¥ =~l'. In this particular case, price-taking with respect to quality variants
would be well-defined. It is also clear that a profit-maximizing quality variant
in firm ¢ would be characterized by the fact that the marginal rates of trans.
formation between any two characteristics must be equal to their implicit
price ratios, that is

TEQ & _ halde) | _ 39
TdZQ) 7 halde) 34y

i=1,..,m (10)

In this case, the market differentiation rule (10) will be Pareto-optimal.
This can be seen by noting that for n=s, the marginal rates of substitution
between characteristics 7 and £ will in optimum be the same for all consumers.
This implies that the left-hand side of (9) reduces to 7,/ so that the Pareto-
optimal rule and the market rule will be identical.

In the general case where n <3, competitive behavior with respect to quality
decisions and hence competitive equilibrium are not well defined.

The problem of finding appropriate prices for evaluating the social desir-
ability of different quality variants of a given commodity would also be en-
countered in a centrally planned economy. Assuming that a market planner
imposes his own or someone else’s implicit prices for quality characteristics
and instructs the firms to behave as price-takers and use the imposed prices
in their profit calculations, profit maximizing firms would select points on
their transformation surfaces with equal slope. This will certainly be produc-
tively efficient in the Q-space but it may not result in a socially optimal quality
range of commodities.

The reason for the general lack of optimal market rules for product differentia-
tion is the basic asymmetry of the definition of goods on the consumption
and production sides of the economy. Consumer preferences are basically

1 We note that this may require that commodities can be purchased in negative amounts.
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defined over quality characteristics whereas firms supply bundles of charac-
teristics and it is the bundles which are priced in commodity markets. In
the general case, however, commodity prices will not convey the correct
information to firms about the social desirability of various quality choices.
Nor will the implicit prices be of any help because they differ for different
consumers, thus indicating that a given quality change will affect consumers
in different ways. This amounts to a kind .df structural inefficiency since the
market does not provide the necessary information for optimal quality choices
by firms. : .

In fact, the notion of quality in commodity markets has much the same
properties as a public good. If a new and unique quality vector is produced,
it will enlarge the range of choice for all consumers since it increases the
dimension of the set of feasible trades in commodity markets. It is not the
commodity in itself, but rather the availability of a unique quality variant
which has the public good property. To illustrate this point, the unique beauty
of, say, a Beethoven Symphony can be enjoyed by everyone and the pleasure
one particular music lover derives from it is independent of the pleasure of
others.! Once a particular symphony has been composed, however, the record-
ings of it have to be considered as ordinary private goods.

The effect of introducing a new quality variant into the market may also
be regarded as analogous to the effects of technological progress in the classical
model. Technological progress, or more specifically, positive shifts in the
production functions will lower cost, thereby reducing prices, and then
induce positive shifts in the individual budget constraints. Therefore, the
problems of establishing efficient incentives for decentralized quality decisions
are more or less the same as those involved in establishing efficient market
incentives for inventions or the production of new knowledge in a wide sense.

As the consumer optimum in commodity markets may_be a constrained
optimum in the Q-space, i.e. it may be on the boundaries of the feasible trading
set, the desirability of a marginal variation in the quality characteristics of a
given commodity may be judged differently by different consumers. The
correct measure of the gain in social welfare from varying the quality design
of a given commodity should therefore be some weighted sum of individual
marginal utilities. This is also confirmed by the Pareto-optimal differentiation
rule (9) where a Pareto optimal quality pattern requires firm ¢ to equate
its marginal rate of transformation between any two characteristics to the
ratio between weighted sums over all consumers of the individual marginal
utilities for the two characteristics, with weights given by the distributional
parameters 7! and the amount each consumer gets of commodity ¢. This is a
very natural requirement because if consumer i gets nothing of commodity ¢,
his prefersnces should be given no weight in determining the optimal quality

* Of course, this presupposes that interpersonal preferences do not exist.
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design of that commodity. For the polar case whereby commodity ¢ is only
consumed by copsumer ¢, the preferences of that consumer alone should
determine its optimal quality characteristics.

In the public good spirit, we can define some sort of pseudo-equilibrium by
instructing firms to use a weighted sum of individual marginal utilities as
prices for characteristics when calculating the profitability of various quality
choices. This would certainly lead to an equilibrium allocation that would
be efficient both from a guantitative and a qualitative point of view, i.e. it
would satisfy conditions (8) and (9). As these prices are not reflected by the
market, however, this would require complete knowledge of all individual
preferences.

If firms use the same implicit prices for characteristics and behave com.
petitively with respect to these prices, it may result in a too narrow qual.
ity structure of commodities. As noted in connection with Fig. 3, optimal
quality decisions may involve a trade-off between quantitative efficiency in
the Q-space and the range of choice, i.e. a trade-off between the ““width”
and the “length” of the feasible trading set. If this is to take place in a market
context, different firms have to use different implicit prices for characteristics
in their profit calculations. The eificiency properties of the market allocation
are therefore crucially dependent on how firms perceive the relation between
the quality design of a commodity and its market price, i.e. the derivatives
3p./0q.,. Thus it may seem natural to raise the question as to whether some
kind of monopolistic competition-among producers might be better in terms of
efficiency, compared to a situation where all producers use the same implicit
prices for characteristics and behave competitively with respect to these prices.
It should perhaps be expected that if some technologically feasibie and desirable
quality vectors were not being produced, some producers would see this
opportunity and plug the gap in the @-space if this were profitable.

It is clear that if different firms face different demand schedules for their
products, they would generally perceive the implicit prices for the quality
characteristics of their products ‘differently and thus select points on their
transformation surfaces with different slopes. But it would be difficult to
verify whether this would be in the direction of a Pareto optimum or not.
If firms behave in a monopolistic way, however, they would probably take into
account the downward slope of the demand curves in the commodity space,
i.e. behave as if 9p/dz,<0, and thus curtail production of a given quality
vector below the efficiency level. This may more than outweigh the gains in
other respects.

V. Concluding Remarks

In this paper we have tried to introduce product differentiation into a com-
petitive setting and we have shown that, for given quality designs, a com-
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petitive economy will produce and distribute these commodities in efficient
amounts. If producers also have to decide on the quality design of their prod-
ucts, a competitive equilibrium is defined only in a pseudo-sense.

Admittedly, the simplifying assumptions made as to consumer preferences
and production technology are rather heroic. Certainly, the results of Section
IV are critically dependent on the behavioral assumption that consumer
preferences are basically defined over quality characteristics.! On the other
hand, it is difficult to evaluate the importance of the assumption that firms
can produce only one single quality variant in their production sets. However,
as long as firms only produce a few of the technically feasible quality variants
in their production sets, the main conclusions should remain valid.

In general, efficiency prices for characteristics will not exist in commodity
markets, so that a system of decentralized quality choices by profit maximizing
firms is not likely to produce a socially optimal quality pattern of goods.
Prices in commodity markets simply do not perform the dual function of pro-
viding producers with necessary information for optimal decisions with regard
to both production levels and quality choices.

The basic problem is that a Pareto-optimal range of quality designs requires
profit maximizing firms to use different prices for characteristics when evaluat-
ing the profitability of various quality choices. This will normally be the case
in an economy with some degree of monopolistic competition and it might
well be the case that the price of having a weil-differentiated quality pattern
of goods in a market economy must be some loss in quantitative efficiency in
the commodity space.* However, it i3 not easy to conceive of any market
system striking the optimal balance between quality differentiation and pro.
ductive efficiency in the {-space. Since profits are not likely to be efficient
incentives for decentralized quality decisions, we should perhaps look for more
efficient ways of organizing economic activity.
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CHOICE OF PRODUCT QUALITY: EQUILIBRIUM
AND EFFICIENCY

By JacQues H. DrEze anD KARe P. HAGEN'

1. INTRODUCTION
1.1

THE PURPOSE OF THIS PAPER is to examine the role of prices and to assess the
efficiency of the market mechanism in guiding production decisions with respect
to both product quantities and the qualities of the products produced in
economies with product differentiation.

A rigorous treatment of product differentiation requires an operational
definition of product quality and quality changes. For this purpose we shall adopt
the “*hedonic’ approach to consumer demand theory as developed by Lancaster
[9]. This systematic reformulation of consumer demand theory rests on two
fundamental assumptions:*

(i) All goods possess objective characteristics relevant to the choices people
make among different collections of goods.

(i) It is the characteristics, rather than goods, which are the ultimate objects
of consumer satisfaction. The consumers are endowed with preferences for
collections of characteristics and the preferences for goods are indirect or
derived in the sense that goods are required only in order to produce charac-
teristics. :

This formulation permits a natural definition of product quality and quality
changes: Given the units of measurement, the quality of a given commodity is
objectively defined by the amount of the various characteristics embodied in a
unit of that commodity. It is implicit in this formulation that ail characteristics
are quantitatively measurable and we shall assume that they can be varied
continuously.

The model is closed by introducing objective technical relationships between

quantities of commodities and the characteristics which they possess. The’

simplest, and most widely used, specification is the linear technology, fully
described by a “consumption technology matrix” B, relating column vectors of
commodities x to column vectors of characteristics zthrough z = x’'B where the
jth row of B represents the amount of the various characteristics embodied in a
unit of commodity ;. '

The linear technology specification will also be used here, although the
assumption that characteristics can be added linearly may seem rather unrealistic

! The authors are indebted to Donald J. Roberts for heipful comments, which have contributed to
an increase in the quality of the product.

% See Lancaster [9, p. 7).
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in most cases. We believe, however, that this simplified approach will give us
some insight into the efficiency of the market mechanism in economies with
variable product qualities also under more general consumption technologies. In
particular, sources of inefficiency detected in the linear case will remain present
in the general case as well.

This model has also proved useful to account for quality changes in the
construction of price indexes. In this literature the general presumption is that
the multitude of models and varieties of a particular commodity can be compre-
hended in a much smaller number of characteristics or basic attributes so that
most new models of commodities may be viewed as new combinations of old
characteristics.’

The same approach has emerged naturally in the literature on investment
decisions by firms in physical assets and decisions by coasumers investing in
financial assets. The literature on portfolio choices by consumers starts from the
unquestioned premise that preferences among collections of financial assets are
derived from underlying preferences among collections of characteristics. In the
seminal works by Tobin [26] and Markowitz {15], oaly two characteristics are
considered, namely mean and variance of the random return to a portfolio. A
more general model, which is recsiving increasing attention, describes the
uncertainty associated with investment decisions in terms of physical uncertainty
about the economic environmeant (nature). Following Arrow (1] and Debreu (3],
one considers a finite set of aiternative, murually exclusive “states of nature’” and
one describes a financial asset by its return under each state. The characteristics
in which consumers are interested are similarly the global returns of a portfoiio
under each state and these are narurally defined by a linear technology.
Similarly, a physical asset is described by its return pattern over the states of
nature so that physical investment can be viewed as a characteristics producing
activity.

A sizeable literature deals with the allegedly realistic case where there are
many more states of nature (characteristics) than financial assets (commodities)
and one studies conditions under which competitive markets for financial assets
(the-stock miarket) provide adequate signals to guide the physical investment
decisions by firms.*

Situations with fewer commodities than characteristics (i.e., incomplete
markets) in the traditional framework of certainty’ are of course due to
economies of scale (relative to market size). The fixed costs of merchandising
additional commodities are as relevant in this respect as economies of scale in
production or indivisibilities in the commodities.

* See Griliches (8, p. 4.
* See, for instance, the “Symposium on the Optimality of Competitive Capital Markets” in the
Spring 1974 issue of the Bell Journal of Economics and Management Science {7, 11, 17, 19}.
Under uncertainty, examples of incomplete markets are numerous also outside the capiral
markets model. Probabilities of shortage are an interesting case (especially for countries that do not
produce oil), early recognized in connection with electricity supply. Ses Boiteux (2] and Dréze {4].
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1.2

Except for recent contributions by Rosen [20], Leland [12], and Lancaster [9},
which explore some aspects of optimal product differentiation in a context
similar to ours, the problem of efficient supply of commodities with multiple
hedonic characteristics has received little attention in the literature on consumer
demand and hedonic price indexes. On the other hand, the properties of demand
functions for commodities with multiple characteristics are hardly explored in
the literature on competitive capital markets. The present paper will hopefully
contribute to both streams of literature, by using some properties of demand
functions in an attempt to assess the conditions under which prices in the
commodity markets guide efficiently the choices of product qualities by firms
motivated by profit incentives.®

The main issue to be investigated is the following. Consider a system of C
characteristics and J commodities, C and J being given. Assume that com-
modities are produced by firms endowed with production sets that allow for
substitution among characteristics in the production of commodities. Will profit
maximizadon lead firms to choose for each commodity the combination of
characteristics which is most desirable from the standpoint of consumer welfare?

In Section 2 below, we define the mode!l. In Section 3, we discuss the problem
of optimal product differentiation in a general equilibrium context and we derive
necessary conditions for optimal product variety in terms of characteristics. In
Section 4, we discuss profit maximizing choices of product quality under mono-
polistic and competitive pricing of commaodities. Using some useful properties of
demand functions for commodities with multipie hedonic characteristics, which
are investigated in the Appendix, we give necessary and sufficient conditions for
local optimality of the profit maximizing choices of product quality. In Section 53,
we investigate briefly the possibility of computing prices for chatacteristics from
commodity prices and we relate our results to the ‘“‘unanimity theorem” in
capital market theory:

We conclude this introduction by noting that we could easily invert the roles of
input and outputs so as to apply the analysis in this paper to the problem of
choosing working conditions, viewed as the characteristics of the input com-
modity labor. The resuits in Section 4 also provide an answer to the question
whether profit maximization will lead capitalistic firms to adopt working condi-
tions that are efficient from the viewpoint of workers’ preferences. That question
is discussed in a recent paper by Dréze [6].

2. THE MODEL

The model considered in this paper consists of H households, indexed
h=1...H, and J firms, indexed j=1...J. Each firm j produces a single

§ We shall not be concerned with the problem of existence of equilibria in economies with product
differentiation in this paper. We may, however, refer to a recent paper by Mas-Colell [16] where the
characteristics framework is used to introduce product differentiation in a pure exchange cconomy
(with infinitely many traders). Mas-Colell proves that the set of equilibria is non-empty and equal to
the core.

93..



94.

496 ]. H. DREZE AND K. P. HAGEN

consumption good, also indexed by j, in quantity x, Each consumption good
embodies some or all of C characteristics, indexed ¢ =1 ... C, and b, measures
the quantity of characteristic ¢ embodied in one unit of commodity j. B denotes
the J x C (variable) “technology matrix”” with typical element b;.. Each firm
uses a single input indexed zero, in quantity x;, and chooses a (C +2)-dimen-
sional vector y;=(xjo, X5 &1 . . . b;c) in its production set ¥;< R“"2. The inter-
pretation of Y; is discussed in a remark below.

The input is common to all firms and it is also used as a numeraire. In
alternative interpretations of the model, the input may be labor, capital, foreign
exchange, a composite commodity (money?) summarizing non-consumption
goods, a good identified with a C + 1st characteristic, etc.

To distinguish between changes in output levels x; and changes in charac-
teristics embodied per unit output, we need a definition of unit sizes of com-
modities in terms of characteristics. To that effect, we assume that every com-
modity j contains at least one given characteristic in positive amount,” to be
indexed ', and we set b; = 1 for size normalization. Hence, the characteristics of
commodity j, b, are measured per unit of characteristic /. Of course, the index
/' may be different for different /.

This normalization procedure may seem narural in some cases (as in cases
where &; measures weight and commodity / is sold by weight), but in other cases
it may seem rather artificial. Also, this procedure has the undesirable property
that all characteristics are not treated symmetrically. Symmetry would ¢all for
normalizing unit sizes to the unit sphere or the unit simplex in the characteristics
space. This would, however, reander the analysis more cumbersome without
changing the results.

Each household 4 has a consumption set Z* in the space RS of charac-
teristics and the numeraire. The initial resources of household 4 are defined by a
non-negative vector w" = (wg, wi... wi) in RS™. The reason for introducing
initial quantities (possibly zero) of the characteristics will become clear later
when we shall derive a Slutsky equation for quality changes (Appendix). The
consumption of commodities by household % is denoted " = (x}...x}) < R%.
The purchase or sale of the numeraire by household 4 is x§. The consumption of
household 4 in the space of characteristics and the numeraire is

(0) 2" =(z5,2z%... 28y s w" +(x5,x"BY

and is constrained to be an element of Z".

An allocation for this economy is a (J +2H)-tuple of vectors {y;}, {x", M,
hereafter denoted a. An allocation a is feasible if it satisfies the following
conditions:

(1) V]r Yie Yi’
) Vh, zteZ”

" In the capital market context this amounts to assuming that there is at least one given state in
which firm / never goes bankrupt.

|
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3) ino+§23$§W3,
1

@) vj, §x7-xfs0,

(5 Vho, —zi-Yxibeswt.
7

The set of feasible allocations is denoted A.

The interpretation of conditions (1)~(4) is standard: (1) technical feasibility in
production, (2) consumers’ survival (technical feasibility in consumption), (3)
availability of input, (4) availability of output.

The set of conditions (5) (HC conditions altogether) is specific to the model
with many characteristics; it relates the consumption of characteristics to the
allocation of commodities. Technically, it implies free disposal of characteristics
separately from commodities, which is sometimes unrealistic. Under the mono-
tonicity of Assumption 1 this restriction is immaterial.

The model (1)~(5) is analogous to that used in the literature on production
decisions under uncertainty, with x;, denoting investment by firm j at time 0 and
x;b, output of firm ; at time 1 in state c; see, e.g., Dréze [5] or Radner [19].

The “single input” assumption is made here for simplicity and convenieacs.
The generalization to many inputs (with fixed or variable characteristics) is
immediate and does not modify the results. The ‘“single output per firm”
assumption is more important but entails no loss of generality. Like the single
input simplification, it is standard in the literature on production under
uncertainty, where it corresponds to equity financing. (Several commodities per
firm would correspond to several, diversified, financial assets, say preferred
stock, common stock, mortgaged bonds, etc....). In the general demand
context, outputs of different firms must be treated as different commodities,
since firms may combine the characteristics differently. With several outputs per
firm, the results below remain valid at the local equilibrium level (the level
adopted anyhow in this paper).

3. PRICES AND EFFICIENCY

A price system for-the economy (1)), using the input as a numeraire, is a
vectorp=(p1...pr) € RL. An income distribution is a vector v =(v'...v%Ye
RH, A feasible allocation a, a price system p, and an income distribution v define
a budgeted allocation provided

(6) - Vh, xb+p'x"s<o”

Clearly I, (px; —x0)= 24 (x§ +p'x") and one could thus let the income dis-
tribution correspond to private ownership of the firms with v" = I, 87 (px; = X0),
3.0} =1, with 7 denoting the fraction of firm j owned by household .

The following assumptions are used throughout the paper:

|
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ASSUMPTION 1: Vh, Z* is closed, convex, and completely ordered by a quasi-
concave, twice continuously differentiable utility function U*(z"), with
aU"/az5 >0, 8U"/az¢ >0 for all c and for all 2" e Z*.

ASSUMPTION 2: Y, Y is closed and convex.

A competitive products equilibrium relative to a given technology matrix B, is a
budgeted allocation (a, p, v) such that:

(7) Yh, U(E*)>U"(z") implies 25 +p'2">0v" forall
(£3 £*) such that z* sz =w"+(£5 2VBY,
®) v, pixi — %02 pi%;— Lo forall (f, £) suchthat

(Zjo, Zpp bj1 . .. bic)e Y.

Conditions (7) are a narural extension of the traditional concept of urility
maximization, and say that if there exists a feasible bundle Z* which is strictly
preferred by £ to the equilibrium bundle z", then it must cost more,? while (8)
says that y; maximizes profits over Y;. [n this definition of a competitive products
equilibrium the technology matrix is taken as given and firms are assumed to
choose quantides of input and output so as to maximize profits at given prices.

The set of Parero optima for the economy (1)~(3), denoted A®, is defined by:

%) AP=lalacA,FdcA, U2 U Wh S UENST U (M)
h n

In (9), the technoiogy matrix is allowed to vary over_ the set of feasible
allocations. It is instructive to consider a more restrictive concept. For a given
technology matrix B, define the set of feasible allocations with technology 5,
denoted A(B), by:

(100  A@B)={acAlB=B}={acAly =z bn...bc), j=1...7}

The set of Pareto optima relative to (the technology) B, denoted A°(B), is
defined by:

(11)  A°B)={alacAB),3d=A(B), UM
2 U MVA T UEH> T UM
h 13
The following results are classic:

PROPOSITION 1: Under Assumptions 1 and 2, for every B such that A(B)# &:
(a) A(B) is convex; (b) if (a € A(B), p, v) define a competitive products equilib-

8 (7) could have been written aiternatively as follows:

U(w* + (25, 2BY)> U(w" +(z5 x*'BY) implies z4+pi*>0v"
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rium relative to B, then a e A°(B); (¢) if a€ A®(B), then there exist (p, v) such
that (a, p, v) is a competitive producrs equilibrium relative to B.

As an immediate corollary we have:

PROPOSITION 2: Under Assumptions 1 and 2, if a € A®, there exist (p, v) such
that (a, p, v) is a competitive products equilibrium.

ProoF: Follows from Proposition 1(c) since B is kept fixed in the definition of
a competitive products equilibrium. Q.E.D.

Of course, the above results are rather obvious because when the technology
matrix B is kept fixed, we are back to the classical model with fixed quality of
goods. The following proposition is perhaps less widely appreciated.’

PROPOSITION 3: Assumptions 1 and 2 are not sufficient for either of the
following two conditions w0 hold: (a) A is convex; (6) if (a,p,v) defines a
competitive products equilibrium (relative to B), then a s A®.

PRrROOF: (a) follows from the bilinear form of constraint (5) in the definition of
the set of feasible allocations.

(b) Assume A’ A°(B)=J (an example, satisfying Assumptions 1 and 2,
is given below). By Proposition 1(c), any a € A°(B) will provide the desired
counterexamplie. Q.E.D.

EXaMmpPLE: Let J=H =2, c=3, S,wi=2, T, wi=0,c=1,2,3, Z"=RS,
h=1, 2, and Yi={ydrisxw<l, bu=1, by+bia+bss2), Y:=
{yalx2Sx20=1, bpa =1, by + b2y + b3 <2}. '

Let the allocation a be as follows:

X =x10=1, buu=bia=1, bi3=0, xi=1, x1=0;
X2=X0=1, bu=bn=1, b13=0, x3=1, x}=0;

consequently, z* = (0, 2, 2, 0Y and z2= (0, 0, 0, OY.
Let the allocation @ be defined as follows:

Ii=%0=1, bu=bi=1, b12=0, =0, =1
X=X =1, bra=byn=1, b2 =0, £3=0, =1

% See also Lemma 2.3 in Dréza [5].
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Consequently, z'=(0,0,0,0Y and 2°=(0,1,1,2Y. A does not contain the
allocation c‘z‘=(a +a)/2 Indeed, let 5;=(y;+7)/2, j=1,2; 2" =(x"+2")/2,
h=1,2;then ' = (0, i 2 =#%and #" # (2" +z"‘)/2 h =1, 2. Conversely, let
= (z"+")/2,s0 that ' =(0,1,1,0) and ? —(o, 3,41y, Although eii=
#'+ #2, there do not exist 2" and B,- such that 2% = 208, + 236, h=1,2;c =1,
2, 3.

In this example, two pairs of consumption vectors in the space of charac-
teristics, {z"} and {£"}, are obtained by varying simultaneously the technology
matrix and the consumption vectors in the commodity space. Intermediate
consumption vectors in the space of characteristics are consistent with the
counstraints (4), but not with the constraints (5): The required total output of each
characteristic is feasible but cannot be allocated properly among households,
because there are only two goods to allocate three characteristics.

In the same example let the utility functions of both households be U" =
brb vzt +5z5 + 25 The allocanon a together thh prices p;=p, (=p;)= 13
(say) and incomes such that wi+v'=3, wi+v>=0, define a competitive pro-
ducts equilibrium. This competitive products equilibrium is not efficient because
characteristics 1 and 3 could be substituted one-to-one (in production) for
characteristic 2, which is less preferred. That is, the technology matrix

'110}

L110

associated with the allocation a is Pareto dominated by the technology matrix
'101]

L011

associated thh allocation 4. Allocation a xs Pareto optunal and sustamed by
prices g, =151, 8>y >%, and incomes wi+v' =0, wi +vi =15,

B=

B=

REMARK CONCERNING THE PRODUCTION SET Y;: The convexity assumption
on Y; means non-increasing marginal returns both with respect to output levels
x; and characteristics per unit output bj.

In the above example Y; is defined as the Cartesian product of a convex set in
the space R? of (<70, ;) and a convex set in the space R€ of (bj1 ... bic). Thus
the feasible combinations of characteristics are independent of input and output
levels. It may be more realistic to assume that the total feasible quantity of a
given characteristic is determined by the input level. In such a case the convexity
assumption on Y; is rather restrictive. For example, if-the total feasible quantity
of characteristic ¢ were given by a bilinear constraint of the type xb; < Bjcxjo,
then Y; would clearly not be convex in x;,, x;, and by

3.2

We are now ready to approach the central problem raised in this paper,
namely Pareto efficiency in the supply of characteristics. In view of Proposition
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3(a), sufficient conditions for Pareto optimality must be of a global nature since a
local optimum is not necessarily an overall optimum, in the absence of convexity.
No satisfactory approach to the global problem is currently available. There
remains only to define necessary conditions for Pareto optima, that is, conditions
for Pareto stationary points.'’

To focus on the characteristics of firm j’s product, let 4 € A be a given allocation
and define F;(d) by:

(12) F(@)={alacA, x"=2"VYh, y. = 5. Yk #j, x; = Z}.

That is, Fj(@) is the set of feasible allocations which can be obtained by varying
the characteristics of commodity / and the consumptions of the numeraire for a
given production level in firm j, for given production plans of firms other than j
and for a given allocation of commodities over consumers.

The set of Pareto optima in F;(d), denoted F? (&), is defined in the usual way as:

(13)  F?(a)={alacF,(a), 3d e F{(a), U"(z")
2 U "Wh T UEMH>T UMY
h

h

Accordingly, the quality of firm /’s product as given by the vector of charac-
teristics B; = (b;1 . . . b;c) will be said to be a quality optimum for firm j relative w0
d if and only if a € F?(d).

We can then define a Pareto stationary point as follows: An allocationa e A is
a Pareto stationary point if and only if

)] aeA°(B),
(i) Vi, aeF%a).

Hence, a is Pareto optimal relative to B, and B is such that for every j, By isa
relative quality optimum given x;, yi, k #j, and {x"}. Clearly, (i) and (ii) cor-
respond to necessary conditions for a Pareto optimum. Given a Pareto-sta-
tionary point a € A, there may exist feasible, simultaneous, marginal changes in
{x*} and B such that the resulting allocation Pareto dominates a, which reflects
the fact that a Pareto stationary point may be a saddlepoint.

We are here interested in the price implications of relative quality optima for
firms. To that effect, we note that F;(d) is the set of feasible allocations for an
economy, say E;(d), with preferences given by:"!

(14) UMzb § 2B+ b § Hhe+iibe) (h=1.. H)
1

ey '

®We do not use the term ‘“local Pareto optimum” here since a stationary point may be a
saddlepoint and not a local maximum.

! See Dréze (5] for a similar approach to the theory of investment under uncertainty.
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and with constraints on production and distribution given by

(15) Tz0+x0SLws— L ko

A ) ki
(16) (xi0y & bjr .. . bicY €Y}
a7 fezZ® VY

With this reformulation, the economy E;(d@) can be considered as formally
equivalent to an economy with one private good z% and C local, or regional,
public goods b;; . .. by, where b is the amount of public good ¢ produced per
unit of time in region (club) j and where production decisions in regions other
than ; are given. x" may be interpreted as the time spent by consumer 4 in
region j so that x}b. can be considered as the amount of public good ¢
consumed by consumer A in region j.

We define =f =def (3U"/32%)/(8U"/3z5)V¢, h. ¢ is household A’s marginal
rate of substitution between characteristic ¢ and the numeraire, that is, A’s
implicit price for characteristic ¢ in terms of the numeraire. We can then define a
Lindahl equilibrium'? for the economy E;(d) by an ailocation a € F;{d) and a set
of implicit individual price vectors for characteristics, =" £ RS, such that:

(18) Yh, U">U" implies 25+Y wiithie>z6 +3 wietby;

(19) (¢ By) maximizes |3 b T E}md ~5e} on Y,

In (18) U* and U"* are the utility functions, as defined by (14), evaluated at
(25, By) and (23, B;), respectively. From monotonicity of the utility functions we
may set:

=Y b+ Ve, h
ke
The conditions (18) in the definition of a Lindahl equilibrium can then be
rewritten as:

(20) Vh, U*(*)> U*(z") implies Z5+3 mifi>z5+% =izl
. . o <

From the literature on economies with public goods it is well-known (see, e.g.,
Milleron (18]) that under Assumptions 1 and 2, every Lindahl equilibrium for E;
(@) is an element of F¥(a), and with every allocation a € F?(3), one can associate
implicit prices " € RS, h=1,..., H, such that {a, ="} is a Lindahl equilibrium
for E,’(&).

We summarize this in a proposition.

12 Sometimes called a “pseudo-equilibrium", as in Malinvaud [14]. The name of Lindahi has the
mnemonic advantage of being associated with public goods.
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PROPOSITION 4: Under Assumptions 1 and 2, for any a € A, B; is a quality
optimum for firm | relative to @ if and only if the conditions (19) and (20) are
satisfied.

We now combine the concept of a products equilibrium for given product
qualities (for given B) with that of Lindahl equilibria for the conomies E;(a),
j=1...J. Accordingly, an allocation a€ A will be said to be a competitive
Lindahi equilibrium if and only if there exist a commodity price vector pe R
and a set of individual price vectors =" e RS, with the input as a numeraire, such
that: (i) (a, p, v) is a competitive products equilibrium relative to B; (ii) VJ,
(a, 7", h=1...H)is a Lindahl equilibrium for the economy E;(a).

As a € A is a Lindahl equilibrium allocation for the economy E;(a) if and only
if B; is a quality optimum for firm j relative to q, we have the immediate result:

PrROPOSITION §: Under Assumptions 1 and 2 (a) a competitive Lindahl equil -
ibrium is a Pareto stationary point; (b) with every Pareto stationary point a€ A,
one can associate (p, v) and =", h=1... H, such that a is a competitive Lindah!
equilibrium.

For applications in Section 4, it will be convenient to allow for continuous
substitution between characteristics in the production sets. To that effect we
need the following strengthening of Assumption 2:

ASSUMPTION 2 BiS: Vj, Y; is convex with relative interior points and defined by
&i(y)=0, y; =0, where ¢; is twice continuously differentiable with 5d;/dx,, <0,
3¢;/dx; >0, dy/3b; >0 Ve #'. Moreover, x;>0 implies x;,, >0, and VreR.,
{yi#i(y1)=0, xj < r} is compact.

In that case we have the following corollary to Proposition §.

'

COROLLARY 3.1:
Q1) Vi, St sox./obe (z it —ax,b/ab;c>b,~c =0,  c#/,
h h

are necessary conditions for Pareto optimal product quality in terms of charac-
teristics (Pareto stationary point)."

Proor: Conditions (21) are the Kuhn-Tucker necessary and sufficient'*
conditions for maximizing the maximand in (19) with respect to x;,, B; over the
convex set

{y,~|¢,(x,.,, X by .. bie)=0, b =20, Ycl. Q.E.D.

2 The necessary conditions (21) characterize Pareto stationary quality choices for any given
quantities and may thus be understood as necessary conditions for second-best optimality (under
monopoly pricing for instance).

!4 Under Assumption 2 bis, the constraint qualification is automaticaily satisfied.
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The conditions (21) are a natural extenasion of the “Samuelson conditions” for
Pareto optimal production of public goods (Samuelson [21]) and can be inter-
preted as saying that if it is at all optimal to include characteristic ¢ in product /,
the amount of characteristic ¢ per unit output should be increased until marginal
social value in terms of the numeraire equals marginal cost, where marginal
social value is the sum of the individual evaluations of the marginal change in
characteristic ¢. .

The public goods aspect of product quality is due to the fact that the feasible
range of choice in the space of characteristics is determined by the row space of B
so that (i) the same range of choice is imposed on all consumers and (ii) if the jth
row of B is changed, this common range of choice will in general be modified.

4. PROFIT MAXIMIZATION AND CONSUMERS’ WELFARE

4.1

In this section we shall investigate to what extent profits will provide adequate
signals for efficient choices of products qualities by firmns guided by the profit
motive. In order to do so, we must define more precisely profit maximization
under variable product quality. _

Traditionally, product differentiation and quality choics have been studied in
the context of monopolistic competition. Clearly, the monopoly power of every
single firm is limited by the zxistence of substitutability relations among com-
modities and there is a close connection between the presence of many close
substitutes and the presence of many commodities relative to the number of
characteristics. Indeed, if there were as many commodities as characteristics,
then there could exist perfect substitutes in the market for any new combination
of characteristics. On the other hand, if commodity j does not lie in the row
space of B, it seems reasonable that firm j perceives that it has some market
power. The firm can influence the demand for its product through manipulating
both price and product quality in terms of characteristics.

We~ assume that monopolistic firms are facing coatinuously differeatiable
demand functions of the form

22) % =x(B) L G=1...D)

and that they use price and product quality (in terms of characteristics) as
decision variables.'®

Accordingly, an allocation acA will be said to be a monopolistic Nash
equilibrium if and only if p and B are such that Vj, px;(p, B)—x,0=
px(3, B)=%,_ for ail j, B, %, such that je=pi, Be=Bi, Vk#j and
(fio’ xi(ﬁ, B)' B,')E }/i°

¥ The firm’s opportunity set will remain convex in terms of x;,, p;, 8; if the demand function is

convex in p;, B;. For our purposes, it is convenient to use the demand function x;(p, B) rather than
the inverse demand function p;(x, B).
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Under the differentiability Assumption 2 bis, the rxecessary16 conditions for
monopolistic profits maxima are given by

@) pr+1)=2E,
ull ox;

x5\ 3x; sm [( ' ax,,,) ox; %o

(24) (‘”"—-)c‘alv,c abe’ ax;/3be  abje

b =0, Ve &=/,
ax; ]' e

where 7); in (23) is the price elasticity of the demand for commodity j. Combining
(23) and (24), we get

Dy 9x; _ax; [ pi 9%/ ax,,] .
25 ————g— - b =0, Ve #J'.
( ) n; 3bi¢ ab,'c Kt/ ab,,.- ablc fe ! -

4.2

It is not clear how one should define a competitive equilibrium when firms
choose simultaneously the quantity and the qualitative characteristics of their
output. To the best of our knowiedge, no clear definition has been given in the
literature to dat:. The difficulty is the following. On the one hand we wish to
assume that firms act as price takers and, for given quality, choose the output
which maximizes profits at given prices. Thus, we wish to assume that firms act as
if prices were insensitive to their quansiry decisions. On the other hand, we do
not wish to assume that firms act as if prices were inseunsitive to their qualiry
decisions. Indeed, if that were the case, each firm would produce the quality
variant in its production set with the lowest production cost. Thus, one must
assume that firms are aware of a relationship between price and quality. If there
were as many commodities as characteristics, then each characteristic could
have its implicit market price, and firms could be assumed to maximize profits at
given prices for the characteristics. More generally, we will assume here (for lack
of a more convincing alternative) that firms know how their quality choices affect
the price at which a given output can be sold, and choose quality so as to
maximize profits at given output. This leads to the definition of a compentive
profits equilibrium ; this term is meant to indicate that prices, but not necessarily
quality choices, are ‘“‘competitive”. An allocation 2 € A is a competitive profits
equilibrium if and only if p and B are such that Vj,

@ Pixi—Xjo 2pi— %, forall (£ %, By)eY,
(ii) Pi%i = Xio B Pk = Fin for all (%o x,B)eY; and 5

such that x; = x;(5, B), px=pe Br=Bw k#j.
Condition (i) says that x; maximizes firm ;s profits over Y; for given price and
given product qualiry, while (ii) says that for given outpur level X, B; and p; are
such that firm ;s competitive profits are maximized.

16 Sufficiency would require monopoly profits to be strictly concave in price and commodity
characteristics.
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Under Assumption 2 bis, the necessary conditions for maximization of
competitive profits with respect to product quality can be written as:

ax,.,
dbje

for all dbj., dp; such that

26) B dp.=x;dp, VYe#f,

ax,

ax;
d c+ !
3 b,.: b; dp, 0.

@7)
Solving for dp; in (27) and substituting into (26) gives

Di axf axt‘c
2ol
77 b 30

where (28) must hold as an equality for all ¢ such that 5. >0.

Comparing (25) and (28), one sees that the necessary conditions for competi-
tive profits equilibria are formally the same as those for monopolistic Nash
equilibria, except for the fact that at any given product quality, a monopolist will
charge a higher price and operate at a lower output leve! than a competitive firm.
Hence, the monopolist extracts the monopoly profits through monopoly pricing.
As to choices of product quality, he will behave as a competitive firm maximizing
competitive profits. This does nor imply that a monopolist will choose the same
product quality as would an otherwise identical compertitive firm. [ndeed, prices
and output leveis will be different, so that marginal costs with respect to charac-
teristics may also be different.

(28) Ve #f,

4.3

We shall now investigate under what circumstances the necessary conditions
(21) for Pareto optimal choices of product quality are compatible with conditions
(25) and (28) for profit maximization under monopolistic and competltxve pricing
of commodities, respectively.

Profit maximizing choices of product qualities will clearly depend on the
properties of demand functions for commodities with multiple hedonic charac-
teristics. To investigate some of these properties, we need two additional assump-
tions to ensure single-valued demand functions.

AssSUMPTION 1 Bis: U™ is strictly quasi-concave for all h.
AsSUMPTION 3: B has full row rank."”

As shown in the Appendix (A8), under Assumptions 1 bis and 3, the effect on
household #’s demand for commodity j of an increase in the quantity of charac-
teristic ¢ contained in one unit of x; can be written as

ax axh  raxh axh
29 ._;..x’s__r._( Sl I ),,.h.
(29) abe oawr \ap; T awk wg/! °

7 o . e Lee - N .
7 Assumption 3 ensures tiiat kfor fixed commodity characteristics, the utility functions are strictly
quasi-concave in terms of (xq, X ).
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(29) is in the nature of a Slutsky equation for quality changes and decomposes
the demand effect of a quality change into an income effect x* 3x"/3w” and a
substitution effect. The income effect is specific to characreristic ¢, being pro-
portional to the effect of an increase in the initial endowment of characteristic
c.'® The substitution effect is specific 1o commodity j, being proportional to the
substitution effect of a decrease in the price of commodity ; and hence always
positive. The factors of proportionality relate the units of b, to those of w, and
those of p;, respectively.

In the sequel it will be convenient to use an alternative statement of (29):

ax” ox"t  ax” axt
30 _Lgxh( i_9%; h) _9Xj
( ) ab,-., / aw. dwp ap, Te

expressing the effect of an increase in b, as proportional to the effect of a decrease
in p; up to a correction for the possible differences between two income effects.
These two income variations cancel each other in terms of utility, but not
necessarily in terms of demand for commodity j. For later reference, the first
term on the right-hand side of (30) will be called the specific income effect with
respect to characteristic c.

The sign of the specific income effect will depend on how effective commoduy
J is in providing characteristic ¢, and on whether it is a superior or inferior good.
Assume that ax|/owg >0. Then, if commodity j were purchased primarily to
procure characteristic ¢, one would expect ax/aw> <0. Conversely, if com-
modity / were richer in most characteristics other than ¢, one would expect
ax"/aw2>0 and even 4x/dwr>7r3x"/dws. Loosely speaking, one would
expect the specific income effect to be negative (positive) when commodity J is
more (less) effective than the average basket in procuring characteristic c.

Aggregating (30) over households and substituting into (25) and (28), we get
after some simple manipulations

Pi axy  ax} a_n, L Rk a _ 0%jo
31 g 44 (_h' fr)+2x-1r +—=5Y xi(n; =n)me S—,
(31) 771‘% dw,. dow R = e ’7i§ t(ni—=mnime 36,

Ye#/f,

where n' is the price elasticity of household A’s demand for commodity ;.
Observing that n; =34 xn%/Z4 x4, i.e., a weighted average over households of
the price elasticities of the individual demand functions, the last term on the
left-hand side of (31) can be interpreted as x;/7n; times the covariance over
households between the marginal rates of substitution, ‘.-r'c‘, and the individual
price elasticities n".

In view of Corollary 5.1, conditions (31) provide necessary and sufficient
conditions for efficiency of quality choices guided by profit motives, when
efficiency must here be understood in the sense of Pareto stationarity. [t is left
for the reader to decide whether he wants to regard these necessary conditions as

'8 [t characteristic ¢ of commodity ; is changed by db,, consumer A will enjoy an increase in his
endowmeat of characteristic ¢ by dw? = x| db,.

10s.
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quite restrictive,'® pointing to likely inefficiencies of the market mechanism,

even when competitive, or whether he wants to regard the sufficient conditions
- . 2 . . . .

as apt to be approximately satisfied,*° pointing to the opposite conclusion.

THEOREM 1: In order for profict maximizing firms to choose a Pareto stationary
amount of characteristic ¢ per unit of ousput:

(§) it is sufficient that the specific income effect vanishes, for each individual,
and that the individual marginal rates of substitution =? be uncorrelated with the
individual price elasticities;

(i) it is necessary that the covariance between the individual price elasticities
and marginal rates of subsritution be equal to the average specific income effect,
weighted by the expenditures pix".

Let dB; =(dby1 . . . dbjc) denote a vector of marginal variations of the charac-
teristics embodied in commodity ;. From Theorem 1, we have the following
corollaries.

CoroLLarY 1.1: A sufficient condition under which the marginal quality
variation dB; will increase the (monopoly or comperirive) profits of firm j only if this
vanation is consistent with the interests of the consumers, is that the variation dB;
lie in the space of rows of B other than row |.

PROOF: Suppose dB; is in the row space of B. Then there exists a vector
a=(ay...a;) such that dB;=a’'B. In that case 3. = db,, =a'Bm"=a’'p, by
(A2) (Appendix), so that the covariance term vanishes. Moreover, from (AJ),

;? 6x, _ éx, h .
x; 2 (5;);- mﬂ'c> dbye
=—x;{((~p, B1Ul~p, B}) ‘}i{-p, BIU[-=" [1B'a

A h
=—x,5}a=—xia;

since [~ =", I1B’=[-p, B] in view of (A2).
Hence, if a; =0, then

3X; 3x; 3
-f%;;:db,c Lo dbe ST lwtden =T 22 2o 4., QED.
H

COROLLARY 1.2: If, ¥}, all feasible variations dB; are contained in the space of

rows of B other than row |, then the comperitive profits equilibrium is a Pareto
stationary point.

'9 Very restrictive assumptions on individual preferences are required to guarantee that specific
income effects vanish (for instance linearity in both numeraire and characteristics).

29 Some may claim that specific income effects are in the nature of second-order etfects and may
therefore be ignored as a first approximation.
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ProoF: Under the conditions stated in the corollary, the competitive profits
equilibrium is a competitive Lindahl equilibrium. QE.D.

ReEMARKS: (i) Under monopolistic pricing of commodities, Theorem 1 must
be understood to be relative to a given output level. That is, given the ourput leve!
x;, monopolist j will choose a Pareto stationary amount of characteristic ¢ per
unit output if he is equating marginal social value to marginal cost with respect to
characteristics.

(if) The efficiency of profit maximizing choices of product quality has been
explored in a partial equilibrium context by Spence [23, 24] and Sheshinski [22]
among others. Their main point is that profit maximizing firms will respond to
the market’s marginal valuation of product quality while the average valuation
of product quality (at the margin) is relevant for welfare judgements and they
present necessary conditions for efficiency of market choices of product quality
in terms of properties of the inverse demand function. Theorem 1 deals with the
same problem in a general equilibrium framework and presents necessary
conditions for market efficiency with respect to product quality in terms of
properties of the individual and aggregate demand functions.

(i) There is quite an extensive literature on product durability under

different market structures which is closely related to tire probiem of quality -

choice and product differentiation. In that literature some authors have argued
that a monopoly is likely to supply a good of a lower quality than wouid a
competitive firm with the same cost structure,”* while others have argued that
monopoly exploitation is best achieved by manipularing price rather than pro-
duct quality.*® The preceding analysis reveals that market imperfections in the
quantitative supply of commodities can be separated from market imperfections
in the choices of product qualities. As for choices of product quality, both
monopolistic and price-taking firms will take into account the demand effects of
different product designs and if the marginal variations in the quality of a given
product do not lie in the space of rows of B other than the row corresponding to
the product concerned, an element of market imperfection enters the picture
and profit maximizing choices of product quality will not be conducive to
maximal consumer welfare.

5. COMPUTABLE LINDAHL EQUILIBRIA AND CONSUMERS' UNANIMITY
5.1

As stated in Proposition 5, Pareto stationary choices of product qualities

require knowledge of the implicit prices for characteristics for all households and
these prices are typically not revealed in the market. One might, however, ask
whether these prices can be computed from available market data such as
commodity prices and the technology matrix.

3 See Levhari and Srinivasan (13].
2 See Swan [25].
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From the necessary conditions (A2) for interior consumer optima in the
commodity space we have that equilibrium commodity prices and implicit prices
for characteristics are related by p = Brr". Hence, if B were non-singular, the
implicit prices could be computed from ‘7" =B"'p and they would in equili-
brium be the same for all consumers. In that case, the firms couid check the
necessary conditions (21) for Pareto optimality if they cared to do so.

More generally, let dB; = (db;; . . . db;c) be in the row space of B. In that case,
Scmh dbie = a'Br" =a’p for all A, so that the marginal social value of the quality
variation dB; could be computed from Z.Zsxinhdb.=xa'p which odly
requires knowledge of commodity prices and the technological relationship
a =(ay...a;). Stated aiternatively, one would in this case only need to know
the implicit prices of one (arbitrary) consumer in order to check the necessary
conditions (21).

In the general case where dB; does not lie in the row space of B, consumers
will evaluate the marginal variation dB; differeatly and these individual evalua-
tions can no longer be obtained from available market data (commodity prices
and the technology matrix). This reveals that if variations of product quality
change the range of choics for consumers in the characteristics space, there will
not exist any naturai market substitute for aggregation of consumer preferencss.

52

The case where quality changes lie in the row spacs of B has received
substantial attention in the literature on competitive capital markets (Ekern and
Wilson (7], Lefand {12] and Radner {19]). One has there emphasized the
so-called “unanimity theorem” stating that all consumers agree in their evalua-
tion I, mh db;. = a’p of the proposed marginal variation in the gh row of B. It
has been verified here that this common evaluation does not have the same sign
as the resulting effect on firms’ profits under either monopolistic or competitive
pricing of commodities, unless the specific income effect vanishes. Consumers’
unanimity in evaluating a proposed variation is not always consistent with profit
maximization, a point already emphasized in Ekern and Wilson (7] and Leiand
[12]. The interpretation given there is that consumers’ unanimity departs from
profit maximization when commodity markets are not perfectly competitive.
However, market imperfections in the qualitanve supply of characreristics,
created by the specific income effect, are distinct from market imperfections in’
the quantitative supply of commodities and the inefficiency of profit maximizing
choices of product quality arises both under monopolistic and competitive pric-
ing of commodities. Moreover, profit maximizing choices of product qualities
would be consistent with the interests of the consumers both under monopolistic
and competitive supply of commodities if the conditions of Theorem 1 are
fulfilled, a case which has not been considered in the literature referred to above.

CORE

Manuscript received March, 1976; final revision received May, 1977.
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APPENDIX

We shall here derive the Slutsky equation (29) for an arbitrary household 4 whose superscript is
omitted for ease of notation.

First we introduce some notation. If M is any matrix, M, will denote its kth row and M" its ith
column. If x and y are column vectors, dx/dy’ will denote the matrix with element dx, /3y, in the kth
row and the /th column. §, denotes the Kronecker deita vector whose kth element is equal to one, all
other elements being equal to zero.

Starting from the twice differentiabie, strictly quasi-concave uiility function U(z)=
Ulzo. 2, - . . z2), we shall denote by u the (C + 1)-dimensional vector (§U/azo, aU/dz, ... 3U/ézcY
and by Uthe (C +1)x (C + 1) matrix with elements 6°U/3z, 3z, k, (=0, 1 ... C; the C+1 rows and
cotumns of U will be numbered from O to C (thus, U, is the first row of U, U, its k + 1st row now
with entries 3°U/dz, 3z, [=0,1... C). = -

Using (0) and (6), but ignoring the distinction between wo and v, and denoting by ow the
C-dimensional vector (w; ... weY, the utility function may be written as

(A1) U(z)= U(wo=p’x, oW’ +x’'B)= Ulxiw, p, B},

a forraulation that incorporates both the budget constraint (6) and the technological relationships
berween commodities and characteristics (5). At an interior solution the first order conditions are

@) a-pBu=0
ax

where [~ p, B] is the B-matrix augmented by the negative of the price vector as the first column. The
(J X J) matrix of second order derivatives of {J with respect to x (for given w, p, B)
U

(A3) 3x ax’

=(-p, BlUl-p. B

is negative definite by Assumptions | bis and 3. The second-order conditions are thus satisfied.
Differendation of (A2) yields

32U FU .
dx + -~dp;, dB;Y
Toxox axd{ =p, Bl; (=dp, B,

={=p, BlU[~p. B]' dx +{x;(=p, BIU+ 8u'}(—dp; dB;y

0

and hence,
3 . - ’
(A4) _.x_s-{[-p,‘B]Q[—p. Bl'} ‘{xy[_pv B]y“-a# }'
3{=p, B);
2 2
0= U, dx+— U, dw =(~p, BIUl-p, BY dx +{~p, BlU adw,
d9x 3x ax dw
and hence,
3 "=
(AS) 35. ~{[~p. BIUp. BIY '(=p, BIL.

The invariance of the demand functions with respect to monotonic transformations of the utility
functions is readily verified. Indeed, let V= F(U). Then aV/az = F'(3U/az), (3°*V/az 5z')=
F'(@*U/az az')+ F"(aU/3z 03U/ az"y where F" and F~ denote derivatives of V with respect to U. Then
aV/ax = F'(aU/ax)= 0, by (A2), and '

PV LU EYog19) FU
'a[—p’B](F - P—-—,)[—p,B]"F'——",,
dx ax 9z 3z dz az 9x dx

by (A3), since F*(aU/3z)aU/az") {=p, B]'=0, by (A2). Then, in (A4) and (A3) the scalar F’
carcels out between the inverse matrix and its multiplicand.
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Upon combining (A4) and (A5), we get:

ax ax -1
= —{[=p, B|Ul~p, B} ‘54
(a8 gogr-ug=={-n BIUFe BIY u
aZU _l}il .
3-{(6.:&:’) S
ax 9x FU N\
e e e 0 u
an ¢9p'+a‘m,x (a:a:') o

where ug has a “marginal utility of income” interpretation. Looking at a particular element of (A6),
we can write:

ax., 6Xg =1
e 25 g e e {([ =, Ul=p, BY
(A8) e o, {{-p, B1UEFp. B Trstte
X, [OXe X
:xiawg (a-bx,awo)ﬂ'e (k ... f)

where 7, ®u./u,.
Under the assumption that B is a square matrix and hence non-singular by Assumption 3, we can
take another step, writing from {A2) and (AS):

, ag-t o va-gtaE
(A9) m=B8""p, aw’[ w, I} B o awoﬂ'
aXQ -t an -t
e (B ~-Zx(B .
(AlO) 5bf¢ ‘1( )ek apf ( )ep

Finaily, (f 8 were an identity matrix, each commodity being identified with a single characteristic,
then: -

ax
=g, o=k,
axk api
(All) —
o ab;, Az,
—— e cEk
ap;
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ENVIRONMENTAL EFFECTS ON CONSUMER DEMAND AND SOME ASPECTS OF THE PROBLEM

OF OPTIMAL ENVIRONMENTAL DESIGN WITH SPECIAL REFERENCE TO THE CHOICE
OF PRODUCT QUALITY.

1. Introduction

Apart from prices and incomes, consumer demand functions will clearly
depend on the consumer's environment. Broadly speaking, the consumer's
environment may be considered as being made up of all welfare-relevant
phenomena which are beyond the control of the individual consumer. More
specifically, in the present paper the consumer's environment will be
defined in such a way as to consist of all non-market goods affecting the
consumer's welfare, i.e., goods which are not exchangeable through commodi-
ty markets. The supply of public goods and various types of externalities
may clearly be considered as part of the consumer's environment. Pre-
allocated goods and goods subject to straight rationing will also fall

L)

under this category. Even certain aspects of market goods which the con-
sumers value but are beyond the control of the individual consumer such as
product quality, may be thought of as environmental parameters determining

the environment under which consumption of market goods takes place.

The economic consequences of. changing the enviromment are not priced in
the market. The market responses to changes in the environment are indi-
rect in the sense that they will change the consumers' demand pattern for
market goods. In some cases the producer can control certain aspects of
the environment under which the consumption of his products takes place,
In that case it seems natural to ask whether the producer's profits will
adequately reflect the consumers' evaluation of those aspects of the
environmental design which are under the producer's control such that
profit maximization will guide the producer to choose an envirommental

design in the best interests of the consumers.

Dsee pollak [7].
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Effects of envirommental changes on consumption behaviour and some aspects
of optimal design of the environment will be discussed in the present
paper. The problem of optimal environmental design will be discussed

in the context of optimal choice of product quality., For this purpose

we shall adopt the consumption activity approach to consumer demand

theory as formulated by Lancaster [4] and Muth [6]. This approach assumes
that market goods are inputs into consumption activities producing more
basic or final goods over which preferences are defined. These final goods
are in some contexts called characteristics (see Lancaster [4]) and are
supposed to be the ultimate objects of consumer satisfaction. Thus,
preferences over market goods are indirect or derived from preferences

over final goods and properties of the household consumption technology.

Efficiency of market choices of product quality has been studied by
Spence [9, 10] and Sheshinski [8] in a partial equilibrium context and
by Dréze and Hagen [2] in a general equilibrium context but with a
linear consumption technology. Spence and Sheshinski have emphasized
that average valuation of product quality is relevant from an efficiency
point of view while profit maximizing firms will respond to the market's
marginal valuation of ﬁroduct quality. Dréze and Hagen have stressed
that whatever the pricing of commodities, efficiency will generally

not obtain if a profit maximizing producer explores his demand curve
through his choice of product quality., In the present paper the results
of Spence and Sheshinski and those of Dréze and Hagen will be reconciled
in a general equilibrium framework and we show that in the Lancaster=-
Muth framework, deviation between consumers' average and marginal
valuations of product quality may occur if the consumption technologies

are non-linear.

2. Effects of environmental changes on consumer demand.

We shall assume a finite number J of market goods indexed j and C
different final goods indexed c. Each consumer is endowed with a con-
sumption techmology which relates feasible output vectors of final

goods to input vectors of market goods. It will be assumed that each
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final good is producible in one and only one activity and by obvious

notation final good ¢ is produced in activity c.

It is assumed that market goods are all joint inputs into the production

1) 2)

of final goods. We let xj denote the.amount the consumer ° uses of

market.good j and z, his consumption of final good c.

For a giveﬁ household production technology the production of final goods
will depend on the input vector of market goods and the environmental
setting under which the production takes place. We shall assume that the
environment can be completely described by a finite-dimensional vector of
environmental parameters. We do not loose in generality by assuming that
there is a one~to—-one correspondence between environmental parameters and
consumption activities and the environmental parameter(s) pertaining to
the production of final good ¢ will be denoted by EC which will here be
taken to be a scalar. More general cases where some environmental para-
meters affect a subset of consumption activities, possibly different sub-

sets for different consumers, would not present any further difficulty.

We let o denote the consumer's production function for f£inal good c.
Thus, we have

1

(L z, = wc(xl, ees Ko Ec) e=1,,..,C.

Hence, from the standpoint of the individual consumer the environmental
parameters will be in the nature of public goods or bads according as
increases in the quantities representing these parameters will cause

positive or negative shifts in the household production functioms.

It will be assumed that there exists a market good which is present in

final form. This commodity is indexed zero and used as a numeraire good.

)

Extending the analysis to the  case where the inputs of market goods are

specific to activities would be straight-forward.

2 . . . .
)In the present section devoted to comparative statics analysis of the

individual consumer, the consumer index is omitted.
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The consumer's ranking of bundles of final goods is represented by a
quasi-concave utility function

(2) U=U(z z

0’ zl’ srey C)
where z is given by (1). It is assumed that BU/BZCE Uc > 0,

c=0,1, ..., C.

For a given environment, (2) induces a preference ordering over market

commodity bundles (zo, Xys oo xJ) through the derived utility function

3) W(zo, Xqs ...,xJ) = U(zo,wl(xl,...,xJ,El),...,wc(xl,...,xJ,EC))

If the environment changes, the consumer's preferences over market commo-

" dities will change since his consumption technology is changed.

For reasons to become clear below, we assume that the consumer has initial

stocks of the numeraire good and final goods given by the endowment

iy

vector w = (wo, wi, ey W where the initial stocks of final goods

)l
C
may be thought of as given by initial inputs of market goods. The budget
constraint is given by Epjx. *zg = Wy and substituting into (2) the

i

consumer optimum is determined by maximizing

Ulwy = J§pjxj, w, * wl(x,El), eees Wo T @ (%,EQ))
where x = (Xl’ eees xJ)'. This expression contains both the budget
constraint and the technological relationships between market goods and

2)

final goods.

The first—-order conditions for an interior optimum are

oU c _ . .
(4) PN UOPJ + ZUc-é-;{—.'- 0 =1, ..., J.
] c J !
l)In this paper untransposed vectors mean column vectors.
2)

The initial stocks of final goods may be viewed as additive shift para-
meters in the household production functionms.
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2
The (J x J)=-matrix 52557 of second-order derivatives with typical entry

32U/8xj8xk in the j-th row and k-th column will be assumed to be negative
definite so that the second-order maximum conditions are satisfied. With
U(-) quasi-concave and strictly increasing in all final goods, it is suffi-
cient for U(-) to be strictly quasi-congave in the decision variables

(zo, Xis wees xJ) that the household production functions @C(x,Eb) are

strictly concave in the inputs of market goods.

We may rewrite (4) as

a@c
= Z:ﬂ.c oxX. i=1 . J
c

J

(3) P;

where T, = UC/UO is the consumer's marginal rate of substitution between
final good ¢ and the numeraire, that is, the consumer's implicit price

for final good ¢ in terms of the numeraire. Hence, at the consumer optimum,
the consumer's demand price for market good j equals the sum of the values
of the marginal products of market-good j in the production of final goods
valuated at the consumer's implicit prices for final goods,

Differentiating the k-th equation in (4) with respect to P; gives

3%y %0 5
(6) ==—=U.p,x. = LU0  =—x, = U,
axkapj 007 k™] N c0 axk ] kj 0

where Ucd denotes the second-order partial derivative BZU/BZCEZd,
¢, d =0,1, ..., C, and ij denotes the Kronecker delta. Differen=

tiating (4) with respect to Ed’ W and Wys respectively, gives

2
2 3@ 1P ) 3"
o U d c d d
(7) == U, p e + LU =+ U, —e— k=l,...,J
8xk8Ed 0d¥k aEd . cd axk BEd d BkaEd
2 TH) ‘
37T ' c
(8)  x—— = -U_.p + IU | =—— k=1,...,J
SkawO 00k c c0 Bxk ?
2 3w
3°U c :
9) == ==U_.p, + LU , — k=1,...,J
8xk8wd 0d* k N ed 8xk . ?
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Taking the total differential of (4) with respect to the input vector

_ . . .
X = (xl, cens xJ) and the price pj gives

2 2
37U 37U -
(10) de +-3x_5p;dpj =0
where dx = (dxl, cens de)'. Solving (10) with respect to
a—x- E(—i—;il, s ;i)' gives
Pj j j
(1) o __ % -1 3%
35; oxox' axapj

where the inverse matrix exists by the negative definiteness assumption.

The k-th component of the column vector Bx/apj is given by

Iz 3%y -1 %
(12) 3. Z(Bx 9x ) 9x _dp
P; t %K% %P3

The (J x J)-matrix of price derivatives of the consumption vector x is

consequently given by

2 2
9x 3°U, -1 37U
(13) N T T Ty

Differentiating (4) with respect to x and Wy and solving for Bxlawo yields

2 2
ox _ (090U .,-1 37U
(14) 5= = = (gem Txd0y

0
where the k—-th component of (14) is
0% 3%y -1 3%y

—£ = - 3¢ )
awo c axkaxt axtawo

(15)

Combining (12) and (15) and using (6) and (8) gives



118.

%, 9x 3%y -1, 3% 3%y

(16) 7 + =—x. = -L( —) " (x + X
apj 8m0 3 . Sxkaxt 8xt3pj BXCBmO j

)

2 2
U -1 § U= ( -1 U

37U
¢ 9% 9%, tj 0, Bxkaxj 0

In matrix form we then have

2

3% %%, _ , 3% -1

The left-hand side of (17) is the Slutsky substitution matrix

(3x/3p )U=const.
ness of BZU/BXSX'.

with negative diagonal entries by the negative definite-

Taking the total differential of (4) with respect to x and Ed and then

with respect to x and wy and solving gives

CTIRR SR VR B
d t %% X084

% 3%y -1 3%y

(19) A TN TR TR
d £ “FkFe £%%d

Combining (18) and (19) and using (7) and (9) gives

20y k¥ ok 1 _u _ dfu
BEd 3wd BEd - Bxkaxt thBEd thewd BEd
2
e 3%y Ly 9704
N Bxkaxt d 3xt3Ed

From (16) we. have

(21)
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and substituting into (20) gives

% a"ka“’d_z(a"k o X )T a‘pd
BE Sw 8E apt Bwo | Bx BE

(22)

1)

Equation (22) is in the nature of a Slutsky equation™’ for the effects

on demand for commodity k caused by a change in the environmental para-
meter Ed. To see this, we observe that for given implicit prices of
flnal goods, i.e., omitting second-oxier terms involving 37 /BE

Ty d wd/ax BEd represents the change in the consumer's demand price for
commodlty t caused by a change in Ed. Hence, the last term on the right-
hand side of (22) is in the nature of a substitution effect from the

(first-order) changes in demand prices caused by the change in E,, while

d,
the first term has the interpretation of an income effect and is specific

to final good d.

With independent market commodities and omitting the income effect
specific to final good d, we see that market good k and non-market good
d will be substitutes (complements) according as an increase in Ed will
decrease (increase) the marginal productivity of market good k in the
production of final good d wéich is reminiscent of the cardinal Edge-

2)

worth-Pareto definition of substitutability and complementarity,

For later use it will be useful to rewrite the equation (22) as

2
(23) z:k'-"(zxk?:d‘z-z%xt"d 3832)'Zsz daaig
d Wg %% ¢ Y Xe9hg t 9Py x

Hence, up to a correction term, the effect on the demand for commodity

k caused by a change in the environmental parameter Ed’ will be equal to
a weighted sum of the uncompensated price derivatives of demand for good
k with weights given by the (first-order) changes in the consumer demand

prices.

1)See [2] for a similar result in the case of a linear consumption

technology.

2)See Chipman [1].
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The correction term is a difference between two income effects: The
first one is caused by the fact that an increase in Ed will increase

the consumer's initial endowmeht of final good d, and the second one by
the fact that a change in demand prices will change the (perceived) value
of the consumer's initial endowments. This correction term, which for
later reference will be called the specific income effect, will vanish in

terms of utility but not necessarily in terms of consumer demand.

3. Choice of product quality.

The consumption activity framework lends itself naturally to the analysis
of firms' decisions on product quality and problems related to efficient
choices of product quality. Indeed, from the standpoint of the individual
consumer the quality of market goods will be in the nature of envirommental
characteristics determining the relationships. between quantities of inputs

of market goods and the output of final goods produced.

To get a simple parameterization of product quality, we assume that the
quality of a unit of a given commodity is objectively determined by a
finite set of product attributes (the product design). Without loss in
generality we assume that there is a one-to-one relationship between
final goods and product attributes and the quality of product j can then
be represented by a vector Ej = (Ejl, veey ch) where ch is the amount

of attribute c embodied in a unit of commodity j.

The household’'s production of final good ¢ is then given by the input of
market goods into consumption activity ¢ and the amount of attribute ¢
embodied per unit of the various inputs. This production relation is
assumed to be given by

h J

7o Eper cees Ex) c=1, ..., C

h_ h, h
(24) z, = @C(xl, cees X

where the superscript h refers to consumer h. We may note that the
"hedonic" characteristics approach of Lancaster [4] with a linear con-

sumption technology is a special case of (24) where z? = Zx?ch.
N
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Commodity j is produced by firm j in the quantity of x5 We assume that

the numeraire good is a single common input to all firms and ij denotes

the amount of the numeraire good used by firm j (this input wmay for

example be labor).

The attributes of commodity j can be controlled by firm j and the firm

selects a production plan (XjO’ Xj’ Ejl’ ceey ch) in its production set
Yj E'RE+2. We assume that the efficiency frontier of Yj is given by the

implicit production function

wj(xjo, xj, Ejl’ evey ch) =0 i=1, ..., J.

A feasible allocation in such an economy is a set of consumption

h h .
vectors (zo, x ) and a set of production plans (xjo, xj, Ejl’ ceey ch)

satisfying

(25) Zzg + Ix, = Lup
h j ¥ n

(26) It S x., =1, ..., d
i 3

@2n wj(xjo, Xj’ Ejl’ e, ch) =0 i=1, ., J,

A Pareto optimal allocation is a feasible allocation maximizing

>
ﬁxhuh(zg, z?, e 2, AP 20 for all
h_ h. h, h
where z, =w, o+ @c(x , Elc s eres EJc)'

1)

The first-order maximum conditions can be written as

T
1 . . eq e . ..
)From strict monotonicity of the utility functions condition (25) and
(26) will hold as strict equalities at a Pareto optimum. Also, we have
assumed that possible sign restrictions on commodities and attributes

are not binding.
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W 3x.
h ""c¢c _ 730 .
(28) ZWC T 3R for all h and j
c ~ 9%, j
J
A
(29) In wp— = BEJ for all d and j.
h id id

The condition (28) determines optimal output level of commodity j for
given product attributes while (29) determines optimal product.attributes

for given output level.

We shall now examine whether profit maximization will lead firms to choose
production plans, and in particular, product attributes, which maximize
consumers' welfare. From (5) and (28) we see immediately that marginal
cost pricing of commodities is necessary for the market choices of product

quantities to be efficient.

As to profit maximizing choices of product quality, it must be the case that
for any quantity supplied, the firm believes that it can influence the price
for its product through manipulating the product quality. Otherwise, firms'
quality decisions would be independent of the demand side in the sense that
for any output level they would choose product qualities such as to minimize
costs which does not seem to be a very plausible assumption for an economy

with product differentiation.

We assume that attribute d of firm j's product is changed whilst the quantity

supplied is kept unchanged. Then, ceteris paribus, the firm will expect

the price for its product to change such thatl)
9x. 9p. ox. ap. ox.
] 1+ =1 =0 and hence l_ - - L ]
dp. OE. oE. v * JE. 9x./dp. JE.,°
Pj “Fia id Fid xJ/ Pi “Fia

Thus, marginal revenue with respect to product quality for given quantity
will be

3p. X, 9x.

(30) X. = - J J for all d.
SE. 9%./dp. OE.
: ] jd XJ/ Pj %%4q

_I)With this behavioural assumption the resulting equilibrium will be of the
Nash ‘type.
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We write the specific income effect in (23) as

T axh 32
M1 4 _y_d h b d
jd T T h 3E, ht d.nh

de id t 3w0 thBEjd

and for given implicit prices, we write the (first-order) change in con-
sumer h's demand price for commodity t caused by marginal changes in
attribute d of commodity j as

h 32 h

t h ° %

"4 Th

jd thand

op
3E

Substituting (23) into (30) and using these definitions, firm j's marginal

revenue with respect to Ejd

for given xj, can after some manipulations

be written as

9p. o P op. )
(31 X. §E—l =T Y d ng -1z I?d + I xt.l(aEJ —%'BEd g)
1 9%34  n %54 Tin 3¢ n ja x5 Vid
L onon 0% 3, BX? I,
+ n— Z x'(n--n )BE + X 3"; Z Z —a——— aE
il e ) T n ey TP e

where n? is the own price elasticity of consumer h's demand.

Comparing (29) and (31) we see that for given product quantity, firms'
marginal revenue with respect to a change in product quality may deviate

from the marginal social value of this change because of

(i) the specific income effects on consumer demand from quality changes
(the second term on the right-hand side (RHS) of (31)),

(ii) for some consumers the marginal value o} a quality change as given
by the (first-order) change in the demand price for commodity j
may be different from the true average value to the consumer of this
change in product quality evaluated per unit of commodity j con-

sumed (the third term on the RHS of (31)),
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(iii)

(iv)

an aggregation effect which in view of N, = Zx?n?/Zx?, takes
h h

the form of a covariance over consumers between individual price
elasticities of demand and changes in individual demand prices

(the fourth term on the RHS of (31)),

an indirect effect which is due to the fact that a change in
the attributes of commodity j may change the marginal producti-
vities of commodities other than j in the production of final
goods and hence consumers' demand prices for those commodities
may change which in turn may affect the demand and equilibrium

price for commodity j (the last term on the RHS of (31)).

Clearly, for any given xj, a profit-maximizing firm will equate marginal

revenue with respect to product quality to margimal cost aij/and. Thus,

Proposition L.

we have the following result:

A sufficient condition for a profit-maximizing firm to choose a

locally

L)

efficient product design is that the aggregate specific

income effect, the aggregation effect (covariance term) and the in-

direct effect all vanish and that for each consumer, his marginal

valuation of a quality change as expressed through the (first-order)

change in his demand price, is equal to the true average value of

this change to the consumer per unit consumed.

Since, the right-hand side of (31) expresses marginal revenue of product

quality for any given xj, the above sources of inefficiency of market

choices of product quality will be present both under monopolistic and

marginal cost pricing of commodities, The actual product qualities chosen

under these two market regimes will however he different since prices and

marginal costs will differ,

With a linear (Lancasterian) consumption technology, SZwZ/&xzand =4

jt

(Kronecker delta) and moreover, awSZBEjd = x?. Hence, we have the

1) . . ) )
Local efficiency means here a statiomary point satisfying the first-
order conditions for a Pareto optlmum.
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following immediate result:

Proposition 2.

A linear consumption technology is a sufficient conditiom for the
indirect effect to vanish and for tRe consumer's marginal valuation
of a quality change (for given implicit prices] to equal the true

average value to the consumer of that change,

Thus, in the linear case the only sources of inefficiency of profit maxi-
mizing choices of product quality will be the specific income effects and
the aggregation effect as shown by Dréze and Hagen [2]. However, with
non-linear consumption technologies two additional inefficiency terms

may enter the picture because marginal and average valuatiomns of product
quality may differ for some cousumers and because of the indirect effect
caused by the fact that a quality change of product j may affect the
marginal productivities of commodities other than j in the production

of final goods which again may affect the equilibrium price of product j.

The reason why marginal valuations of a quality change of product j as
expressed through the (first-order) changes in demand prices pb, may
differ from the true average values to the consumers of that ciange under
a non—-linear consumption technology, is partly due to the non-linearity
in itself and partly to an externality effect caused by the-fact that
marginal productivities of commodities other than j may change and hence
part of the market's marginal valuation of a quality change of product

j may spill over to other producers and will therefore not be captured

by firm j.

To make the above point clear, it may be appropriate to look at a parti-
cular example. Assume an economy with a single differentiated commodity
and a single quality attribute. There is a single consumer with a
utility function U(zo, zl) =z * T2z, where ™ > Q is the constant
implicit price for final good zy- The consumption technology is given
by z; =W+ (xlEI)Y’ 0 < ¥ < 1, where El > 0 is the quality index.

In this example income, aggregation and indirect effects clearly vanish
so that the only source of inefficiency in the market choice of product

quality will be the difference between average and marginal valuations
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due to mon-~linearity of the consumption technology. To see this we observe
Y=1pY
1 Ep
Thus the consumer's marginal valuation of a quality change is given by the

that utility maximization implies the inverse demand function Py = T YX

change in his demand price apl/BE1 = TrlYZ(xlEl)Y.1 while the true average

value to the consumer of this change is }—-v 3, /3E, = 7. v(x,E )Y“l so that
X 1771771 1'7171
the marginal valuation will in this particular case be smaller than the

average value causing the marginal revenue to be smaller than the marginal
"social value and hence the market will undersupply the product quality for

any given price P~

We now extend the above example slightly by assuming two differentiated
commodities supplied in quantities %, and x, with quality indexes E; and E,.
The household production function is now assumed to be

wl(xl, X5, El’ E2) = (xlEl)Y+(x2E2E1)Y, 0 <Y < 1; in other respects the
example remains unchanged. The two inverse demand functions are given by
P = nleI-lE{ and Py = ﬂle;-l(EzEl)Y, respectively. Clearly, income and
aggregation effects still vanish and so does the indirect effect since
Bxl/apz = Q. For any given xl; marginal revenue for f£irm 1 with respect to

the quality of the first commodity is xlapl/BEl = nlexYEYgl while the

171
. . . . - Y-1 Y. y=1
marginal social value of this change is Wlaml/aEl ﬂlY[xIEl +(x2E E1 1.

)
2
The difference between marginal revenue and marginal social value is here
partly caused by an externality effect as an increase in the quality of the
first commodity will make the second commodity more productive in producing
zq and the marginal social value of this externality is given by

Y-Y-1
T Y (aEp) TEy

the externality effect would have been internalized. Marginal revenue with

. If the two commodities were produced by the same producer,

respect to E, would in that case be xlapl/BEl + xzapZ/BEl =
nlyz[x¥E¥_l + (szz)YE{—ll and the deviation between marginal revenue and

marginal social value has now the same explanation as in the former example.

We finally alter the above example to allow for an indirect effect and to

that effect we take the household production function to be
Y Y
' = 1 2 :
Vil Yy Y2
This implies the inverse demand functions Py = Y% El (XZEZ) and

Yool Y172 . . .
Py = MYoX, (xlEl) E2 . As 1lncome and aggregation effects vanish, we.
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have from (31) that for given X5 the marginal revenue with respect to

product quality for producer 1 is given by

2

ap Y, Y,-1 Y 3p, 9x 0]
1 2NN 2 1 9% 1
St U TR BRSO I P10

while the marginal social value of this change is

30 Y. Y,-l oy
1 1.1 2
™ T, TYiXp By (x5E))

The difference between marginal revenue and marginal social value is here
partly explained by the indirect effect since Bxl/ap2 # 0 as can be

seen from the inverse demand functions.

In two recent contributions Spence [9] and Sheshinski [8] have examined
the efficiency of market choices of product quality in a partial equili-
brium context based on a consumer surplus measure of social benefits
(and hence assuming away income effects) and they conclude that the
market choice of product quality is likely to be biased away from the
social optimum because of possible differences between marginal and
average valuations of product quality by consumers. It follows, however,
from (31) that (even in the case of vanishing income effects) if indi-
vidual demand elasticities and changes in individual demand prices
differ among consumers, then an aggregation effect may enter the picture
as a separate reason why firms' marginal revenues with respect to product
quality do not equal the marginél-social benefits.  This aggregation
bias in the market substitute for aggregation of consumer preferences

is due to the fact that in their decisions on product quality firms
respond to commodity prices rather than implicit prices for final goods.
Furthermore, if there are many differentiated commodities, a change

in the design of commodity j may reduce or increase the applicability

of commodities other than j and apart from the externality effect of
this which is reflected in the difference between changes in demand
prices and true average values, it may affect the demand and equili-
brium price for commodity j which will be another reason why marginal

revenue and marginal social value differ.



128.

4, Concluding remarks.

In the present paper we have suggested the consumption activity approach
to consumer demand theory in studying effects on consumer demand from
changes in the consumers' environment. The problem of optimal design of
the environment was discussed in the context of choosing product quality
and it was shown that profit-maximizing choices of product quality are
generally not in the interests of the consumers and this conclusion is
valid both under marginal cost pricing and mark up pricing of market goods.
Depending on the sign and magnitude of the various terms on the right-
hand side of (31), quality choices under the pressure of market forces

may lead to both underprovision and overprovision of product attributes

as compared with a social optimum.

Although the above proposition is stated in terms of product quality,

it clearly applies to all cases in which some aspects of the consumers'
environment can be controlled by the producer. Location and spatial compe-
tition is one such example which comes to mind, and as is well knowm, it
was already intimated by Hotelling [3] that profit maximization may not

bring about the socially optimal localization pattern of firms.

To the extent that the enviromment is controllable, optimal environmental
design will generally require aggregation of consumer preferences. We may
note, however, that with a sufficiently differentiated supply of market goods,
or more precisely, if J 2 C, then the planner only needs to know the house-
hold consumption technologies. The implicit prices for final goods, WZ, can
in this case be inferred from market prices and demand patterns for market
goods. 1If all consumers have access to the same consumption technology,
these implicit prices will in equilibrium be the same for all consumers

and if, in addition, this technology were linear, competitive behaviour

with respect to these implicit prices would in this special case lead profit
maximizing firms to choose environmental parameters in such a way that the

1)

necessary conditions for Pareto optimality were satisfied. In general,

however, a public goods problem must be solved £br efficiency to obtain.

l)See Leland [5].
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