View metadata, citation and similar papers at core.ac.uk brought to you by iCORE

provided by Research Papers in Economics

Efficiency and Separability in
Economieswith a Trade Center*

Dimitrios Diamantaras!
Robert P. Gillest
Pieter H.M. Ruys’

December 1994

Correspondence to:

Pieter H.M. Ruys

CentER for Economic Research, Tilburg University
PO. Box 90153

5000 LE Tilburg, The Netherlands

*Presented at the Siberian Conference on Applied and Industrial Mathematics, dedicated to the memory
of L.V. Kantorovich, Novosibirsk, July 24-30. The authors would like to thank Andreu Mas-Coldl, Suzanne
Scotchmer, Shlomo Weber, Hans Haller, Julian Manning, and the participants of the conference for valuable
comments and discussions on previous drafts of thisand related papers.

YDepartment of Economics, Temple University, Philadel phia, Pennsylvania 19122, USA.

fDepartment of Economics, Virginia Polytechnic Institute & State University, Blacksburg, Virginia 24061,
USA. The CentER for Economic Research at Tilburg University, Tilburg, the Netherlands, is gratefully ac-
knowledged for their financia support that made this research possible.

§ Department of Economicsand CentER, Tilburg University, Tilburg, theNetherlands. NIAS, theNetherlands
Ingtitutefor Advanced Study in the Humanities and Socia Sciences, Wassenaar, the Netherlands, is gratefully
acknowledged for its support during the final phase of this project.


https://core.ac.uk/display/7017516?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Abstract

We discuss the endogenous selection of a costly alocation mechanism in a pure
exchange economy. The allocation mechanism is modeled as an abstract trade center
exhibiting setup costs, access costs and linear transaction costs. Exactly onetrade center
has to be selected. We define Pareto efficiency in this setting and decentralize decision
making concerning consumption as well as the choice of a trade center through the
concept of a separable valuation equilibrium. In this equilibrium concept trade centers
are assigned individualized nonlinear prices.

1 Introduction

This paper generates an allocation mechanism, called a trade center, endogenoudly through
the consideration of the costs and benefits of its performance as assessed by its users.
In contrast with the existing general equilibrium literature, trade centers are not costless,
smoothly functioning markets, but are a kind of production units determining the terms of
trade. These trade centersthereforeinfluencethe standard feasibility and efficiency concepts,
which become relative to the specific market in function. We show that the main virtue of
a market economy, i.e., its decentralization property, can be retained in the special case of
linear transaction costs. Thisdecentralization property, given the priceformation mechanism,
is obtained through the separability of individual decisions. We introduce the concept of a
separable valuation equilibrium, based on the separation of individual decisions from the
decision to determine the optimal trade center. We show that the two welfare theorems in
the standard sense apply, i.e., separable valuation equilibria are Pareto efficient and Pareto
efficient allocations can be supported as separable valuation equilibria.

The theory of public goods is usually constrained to public goods or commodities
as defined in a euclidean space. A well known example is the Lindahl equilibrium concept
providing individual prices for a common public good. The concept of a public project,
introduced by Mas Colell (1980) and developed by Diamantaras and Gilles (1994), alows
for a more abstract interpretation of a public good. In this approach the public project is
an entity without any structure. It imposes costs which are to be shared by the users who
benefit directly from this public project. The equilibrium concept in an economy with such
a public project is called a valuation equilibrium. The public project is assigned here to
be a trade center. This approach is combined with the idea expressed in Gilles and Ruys
(1994) in which an allocation mechanism is seen as a production unit, providing commodity
allocations rather than the commaodities themselves. The relative performance of such units



determine eventual acceptance as asocial institution.

The output of atrade center are the terms of trade available to itstraders. This output
has a public character. The inputs are divided in two types: (i) inputs used to establish the
trade center, called setup costs, and (ii) inputs needed by the tradersto communicate with and
get access to a specific trade center, and the cost associated with transactions made at that
trade center, called relational costs. All these costs are related with a specific trade center,
but the second type of costs also vary across agents.

The relational costs can be internalized into the trader’s utility function or can be
treated in the trader’s budget set. This depends on the linearity of these costs. In case of
linear transaction costs, we can define trader’s cost as elements of the budget function. In
case of nonlinear transaction cost, we need to insert these costsin the trader’s utility function
and to deal with gross rather than net acquired bundles. This case is considered in Gilles,
Diamantaras and Ruys (1994). In the case of linear transaction costs the model can be
formulated in terms of net consumed bundles, i.e., bundles before subtraction of transaction
costs as acquired in the trade center. This model has a very direct economic interpretation.
Pareto efficiency isformulated as optimality of the net consumption bundles as generated by
the trade center, i.e., the trade center itself is not part of the Paretian ordering, but is only
indirectly taken into account through the feasibility condition.

Related work has been done by Berliant and Wang (1993), who develop a general
equilibrium model to endogenously generate alinear city. They also introduce costs, viz. the
utility cost of travel time and the setup cost of marketplaces. These costs, however, do not
interfere with the welfare theorems. We can interpret the set of feasible trade centers as a set
of linear cities, asis done in a simple example, and arrive at an equilibrium location. The
residential location of consumersisnot affected inour model, unlessagentsarealso allowed to
move and changetheutility cost of accessor travel time. InWang (1990) spatial heterogeneity
of preferences and endowments was the driving force for the formation of marketplacesin
which a finite number of spatially separated consumers transact, and in which a socially
optimal marketplace generates acompetitive price. Inthispaper we have restricted ourselves
to the optimal choice of one trade center, which is established only because the effects on
the gains of trade surpass the various cost involved. An economy with multiple competing
public projects having additively separable cost functions is studied by Hahn and Gilles
(1994). Berliant and Konishi (1994) recently followed up on the work of Berliant and Wang
(1993). Berliant and Konishi study ageneral model with geographically specific production
and fully mobile consumers, in which gains to trade combine with transportation costs and



marketplace setup costs to generate cities endogenously. They show that equilibria exist
and that the equilibrium allocations are the same as core allocations (they have a continuum
of consumers). They also investigate the equilibrium-determined number and location of
marketplaces.

Hahn (1971) and Kurz (1974) have analysed monetary transaction costs in a general
equilibrium context. This research has given an impetus to the vast literature on incomplete
markets. Transaction costsin these intertemporal equilibrium models are commodity related
and may riseto infinity in some markets, or may cause other types of indeterminacy. These
costs, however, do not influence ingtitutional aspects, such as the market itself. In this sense
the work of, e.g., Lombardini (1989) and ingtitutional economists is closer related to our
approach. But the main difference of our approach with the existing literature is that we
consider marketplaces as production units providing feasible gains of trade from specific
allocation rules rather than commodities.

2 Economieswith atrade center

Asdiscussed intheintroduction, trade centers are a subset of acollection of socia institutions
that are designed to enable and improve upon trade of commodities at some cost. In this
section we formally introduce the various concepts.

Throughout this paper we use the symbol A to indicate the set of economic agents
as present in the economy under consideration. We assume that A is finite. Furthermore,
we suppose that there are ¢ € N private commodities available in the economy. Hence, the
commodity space is given by the nonnegative orthant of the /-dimensional Euclidean space,
r%. Weindicate by afunction w: A — R, the endowment of private goods attributed to the
agents in the economy.

In order to relate the concepts developed here with those existing in the literature, we start
with defining an economy with a pure public project invoking no other individual costs than
the contribution to establish the public project. The benefitsof the public project enter directly
the users utility function. If " is an unstructured set of potential public projects of which
exactly one has to be selected, then each agent a € A has preferences defined on =4 x T,
which are represented by a utility function U,(z,~). The setup costs of a public project
are given by the function, c:I' — ®r%. An economy with a public project is a collection
Ey = (A, {Us}aea, w, (T, ¢)), wherec(y) < Spcaw(a) foral v e T



An alocation plan (f,~) in Ey, consisting of an integrable distribution of private
goods f: A — R and achosen public project y € T, isfeasiblein & if Yuc 4 f(a) +c(v) =
Yacaw(a).

It is obviousthat the choice of a particular public project influences the private sector
of the economy. In particular the costs ¢(vy) € &Y, of establishing y € I' burdens the markets
for private goods. Thusit isto be expected that the equilibrium price emerging in the market
is different for every public project selected. This is modeled through the concept of a
price correspondence. We assume rational expectations on the part of the traders regarding
the equilibrium price that results from their decisions. In order to define the appropriate
equilibrium concept we introduce

Zeipz:l}

=1

A::{pemaﬁ

asthe smplex of al normalized price vectors.

Definition 2.1 A feasible allocation (f,~) isa valuation equilibrium in &, if there exist a
price systemp: I' — A and a valuation function V: A x I" — R such that

(i) the public project has a balanced budget, i.e,, > ,c 4 V(a,v) = p(7) - c(v),

(i) the public project v minimizes the deficit [p(d) - ¢(6) — Y 4ca, V(a,0)] over 6 € T
such that for every agenta € A V(a,d) < p(d) - w(a), for every § € I', and

(iii) for every agent a € A, the pair (f(a),~) maximizes the utility function U, on the
budget set

{(g,0) € R xT'| p(d) - g + V(a,0) = p(6) - w(a)}.

Thisequilibrium concept originatedin Mas-Colell (1980) and wasgeneralized in Diamantaras
and Gilles (1994). The valuation function V' can be interpreted as a nonlinear individual
pricing/taxation function distributing the institutional setup cost ¢(y) of the trade center
among the individual agentsin the economy. Thisis completely inlinewith Lindahl pricing
as used in standard public good models.!

Next we introduce an economy with a trade center exhibiting linear transaction costs. It
is assumed that agents in the economy can only trade private commodities by means of an

IFor technical details of possible extensions of these results we refer to the analysis in Diamantaras and
Gilles (1994), and Diamantaras, Gillesand Scotchmer (1994).



appropriateinstitutional framework that we call atrade center andisdenotedy € I', whereT"
isan unstructured set of potential trade centers. Each trade center affects trade opportunities
in various ways. We assume that trade centers do not enter directly into the agents' utility
functions, i.e., there are no externalities related to the centers. However, the trade centers
create various types of costs, which we discuss below.

Although atrade center or a market is an allocation mechanism, it may be compared
with a production unit that requires private inputs and provides trades between agents as
output. In contrast to the Walrasian market, in our economy trade requires both a costly trade
center and individual effort to participate in trade. The first type of cost is the input needed
to build and maintain the trade center, called its setup costs. We model these setup costs as
afunction, c:I' — R, called an setup cost function, assigning to each trade center v € T
a vector of quantities of private goods c(y) € R% used in its construction or maintenance.
These costs are assumed to be independent of the amount of trading that takes place in the
center.

There are two types of individual effort to use the trade center, one independent of
the trading volume and the other dependent on it. To the first type belong, e.g., the cost of
traveling to and from a trade center, of learning the language of trade and bargaining, and
learning how the center works, or where to find the trades. Some of these costs generate
horizontal price differentiation. We call these membership or access costs. We represent
these costs by a functionm.: A — =%, called the access cost function of v € T

The second type of individual effort consists of costs incurred by the trader related
to the actual making of transactions. Most of these costs are induced by informational
problems, i.e., these costs mostly consist of search costs for specific commodities, matching
risks, contracting expenses and contract enforcement costs. These costs, called transaction
costs, depend on the quality of atrade center, on the characteristics of a trader, and on the
amount traded. We assume that retrade between consumers is absent and that the initial
or final endowments in traded commodities are negligible, so we can equate trade with
consumption or production. In this paper we assume that transaction costs only depend
linearly on the amount consumed. The transaction costs are thus described for each trade
center v € T" by the function 7.,: A — [0, 1], called the transaction cost function of v € ~.
Here 7,(a) € [0,1] is the fraction of the net consumption bundle that has to be acquired
additionally in the trade center before consumption. If agent a € A intends to consume
z € rY, then he has to acquire additionally 7, (a) = to cover transaction costs. All together
he hasto acquire the bundle (1 + 7, (a)) z € B in order to consume z.



In this paper we do not assume that a trade center induces any other externalities
than the trade opportunities provided by the trade center. Economic agents, thus, do not take
into account directly atrade center in their utility function. Hence, for each agent a € A
we represent a's preferences by a utility function U,: &%, — =&, which depends only on the
guantities of the private goods finally consumed by that agent.

In the sequel we need the following conventions. Leta € A. The functionw : A —
R’ represents the endowment of private goods to the agents. We call the utility function
U,: kY — ® monotone if for all f,g € RY: f > g implies Uy(f) > U,(g) and strictly
monotone if for al f,g € rL: f > g implies U,(f) > U.(g), where we use the vector
inequalities >, >, and >. We are now in the position to introduce economies with a trade
center.

Definition 2.2 Thetuple & := (A, w, {U,}aca, (I',c,m, 7)) is an economy with a trade
center inducing linear transaction costsif for every potential trade center v € I" with

> myla) +c() < Y wla), (1)

acA a€EA

the cost function 7, is continuous on &¥,.

The feasibility condition (1) requiresthat each trade center v € I can in fact be established
with the endowments of private goods available in the economy.

The concept of an allocation in this economy depends on the established trade center
and is derived as follows. Since we assume that a trade center has to be present in the
economy, initial resources cannot only be spent on consumption, but also have to be spent on
the trading costs mentioned above. In thisrespect theinitial endowment is not yet actualized,
but has to be accessed through atrade center in order to be realized.

Definition 2.3 An allocation in & is a pair (f,~) where f: A — RY is a distribution of
private goods for final consumption connected with some trade center v € I'. An allocation
(f,~)isfeasbleif

> (L+7(a)) fla) + > my(a) +c(v) = 3 w(a). )

acA acA acA
A feasible allocation (f, ) is Pareto efficient in E if there is no feasible allocation (g, 0)
such that for all agentsa € A: U,(g(a)) > U,(f(a)) and thereis an agent b € A with
Us(g(b)) > Up(f(D))-



Note that we do not allow for free disposal in Definition 2.3. However, all results as derived
in the sequel can also be achieved under the assumption of free disposal.

Next we addressthe question of decentralization of Pareto efficient allocationsintrade
economies, using the concept of avaluation equilibrium. This concept cannot be applied on
the economy F without suitable adaptations.

3 Separablevaluation equilibria

As has been remarked, the main virtue of the linear character of transaction costs related
to a trade center is that the decision about an alocation in the economy can be separated
into determining the optimal trade center by a central authority and determining the optimal
allocation of private goods by the individual households. For that purpose we refine the
concept of avaluation equilibrium as follows:

Definition 3.1 Afeasibleallocation (f, ) inEisaseparablevaluationequilibriumif there
exist apricesystemp: I' — A and a valuation function V: A x I' — R such that

(i) thetrade center v hasabalanced budget, i.e., > ,c4 V(a,v) = p(v) - ¢(7),

(i) the trade center v minimizes the deficit [p(d) - ¢(0) — > ,ca V(a,d)] over § € T,
such that for all agentsa € A, V' (a,d) < p(9) - [w(a) — ms(a)] and

(iii) for every agent a € A, the final consumption bundle f(a) maximizes the utility
function U, on the intersection of the budget sets Nscr Bs(a), where

Bs(a) = {g € L | p(d) - [(1 + 75(a)) g + ms(a)] + V(a, 8) < p(0) - w(a)}.

Themain result of thismodel of atrade economy with linear market transaction costsisgiven
by the following theorem.

Theorem 3.2 Let E be an economy with a trade center inducing linear transaction costs,
such that for all agentsa € A the utility function U, is monotone. Then the following
statements hold:

(d) Each separable valuation equilibriumin E is Pareto efficient.



(b) Iffor everyagenta € Atheutility function U, iscontinuous, quasi-concaveand strict-
ly monotone, then each Pareto efficient allocation can be supported as a separable
valuation equilibrium.

Proof of part (a)
Let (f,~) be a separable valuation equilibrium with an equilibrium price system p and
valuation function V. We must show that (f, ) is Pareto efficient.

Suppose to the contrary that (f,~) is not Pareto efficient. Then there exists a feasible
alocation (g, §) meeting condition 2 with for all a in A

Ua(g(a)) 2 Ua(f(a)),
and for at least oneb € A

Us(g(b)) > Us(f(b))-

Since (g, d) isfeasibleit follows that
> (1 +7s(a)) gla) + D ms(a) + c(d) = w. 3
acA acA
Condition (iii) of the definition of a separable valuation equilibrium and the monotonicity of
the utility functionsimply that for al a in A wehavethat (1+75(a)) p(6)-g(a)+p(d) -ms(a)+
V(a,d) 2 p(d)-w(a) and for agent b we have (1+ 75(b)) p(d) - g(b) +p() - ts(b) + V (b, ) >
p(d) - w(b). Hence,

p(d) - Z (1+75(a")) g(a’) + p(5) - Z ms(a’) + Z V(d,8) > p(d) - w. (4)
Condition (||€)i)f the definition of val uatio;ee:uilibri um n§$ impliesthat

2 V(@) —p(n) () 2 3 V(d',6) = p(d) - e(9) (5)
Since eec:Jati on (3) can be written ajseA

a%(w(a') —mg(a’) = (1+75(a)) g(a')) — () = 0, (6)

we conclude that

0 =XweaV(d,7)—p(v) - c(v) 2 by (5)
> YweaV(d,8) = p(d) - c(6) > by (4)
> p(6) - Xaealw(a') —ms(a’)

—(L+175(a")) g(a’)) = p(6) - c(6) = by (6)



Thisisacontradiction proving part () of the assertion.

Proof of part (b)
Let (f,~) be a Pareto efficient alocation in &, and let a € A and 6 € T' be arbitrary. We
define

Fla) = {g €}, |Ual9) > Ua(f(a) ], and
F(a) = {g€r.|U9) 2 Ual(f(a)}-

Note that F'(a) # () by strict monotonicity of U,. Moreover, it follows that F'(a) is open
relative, convex, and bounded from below. F(a) is the closure of F(a), by the strict
monotonicity and continuity of U,, and, except for being a closed set, F(a) inherits al the
propertiesof F'(a) listed. Let

F(6) = ,Z;A(l +75(a")) F(a') + Z;Am(;(a') +¢(d) —w, and
F(6) = Z;A(l + 75(a’)) F(a') + Z;Am(;(a') +¢(d) — w.

F(§) is nonempty, open relative, convex, bounded from below, and contains only feasible
alocations. F'(§) hasthe same propertiesexcept that it isclosed. Since monotonicity implies
that the recession cones (Rockafellar (1970), page 61) of the F'(a’) setsare al contained in
&%, Corollary 9.1.1 of Rockafellar (1970, page 74) applies, hence F'(§) is aso the closure of
F(5),clF(9).

Because (f,~) is efficient, we have 0 ¢ F'(6). By the strict monotonicity of preferences,
there exists k > 0 such that ke € F(§), wheree := (1,1,...,1) € RY. Hence there exists
A > 0 (possibly 0) such that Ae isat the boundary of F(d),i.e,

e € F(0)\ F(9).
Then there exist vectors ¢(a’) € F'(a'), foral o’ € A, such that

Ae= > (1+75(ad))d(ad) + > ms(a) + c(d) — w.

a’€A a’€eA

But since \e ¢ F(§) and F'(4) isaconvex and open set, there exists avector p(d) € r¢\ {0}
such that p(d) - v > p(d) - Ae for al v € F(§). (By the standard supporting hyperplane
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theorem, e.g., Rockafellar (1970), Theorem 11.6, page 100, applied to '(§) and by the fact
that F'(§) istheinterior of F'(5).)

Monotonicity of the preferences, again, implies that prices are nonnegative, so we can now
scale the vector p(d) without loss of generality to achieve p(d) € A. In this way we have
defined afunction p: I" — IntA. We now show that p satisfies the conditions as required in
Definition 3.1.

Let the vector z(a, §) € R be chosen such that, in case § # v,
(i) p(9)-x(a,d) = inf p(d) - F(a)
(i) Ua(z(a,6)) 2 Ua(f(a)),

andincase d§ = v, z(a,d) = z(a,v) = f(a). Clearly, such vectors exist, because of strict
monotonicity, F'(a) C ®%, and p(§) > 0 and are feasible. Finally, we define a valuation
functionV: A x I' — & by

v

0;

V(a,d) := p(d) - w(a) — p(6) - ms(a) — (1 + 75(a)) p(5) - 2(a; 5).

Notethat V' (a,d) isfiniteand V' (a, d) < p(d) - w(a) — p(d) - ms(a) by definition.
We now check the three requirements of Definition 3.1.

CONDITION (1)
By thefeasibility of ( f,~) and the definition of V/,

YV, y) = p(y)-w—p()- Y ty(a) —p(y) - Y (14 7(d)) fa)

a’'€A a’'€A a’'€A
= p(y) - c().

CONDITION (1I1)
By construction, p(d) - inf F'(6) > 0, and, hence, in case § # ~:
p(6) - D (1+7s(a’)) z(d,8) +p(8) - Y ms(a’) +p(d) - ¢(0) = p(0) - w.
a’€eA a’eA
(Theinequality becomesweak because z(d’, §) isat theinfimumfor each o’ € A.) Fromthis
we obtain

Z V(d',6) = p(d) w—p(d)- Z ms(a’) — p(d) - Z (1+ 75(a’)) z(d', )

a’€eA a’€A a’€eA

p(0) - c(9).

A
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Thus, together with (i) as shown above we conclude that condition (ii) of Definition 3.1 is
satisfied for the price system p.

CONDITION (111)

Let a € A. Now, by the continuity and strict monotonicity of preferences, it follows that
Ua(z(a,0)) = Ua(f(a)).

First notethat if 5 = ~, then

(1+7)p(6) - fa) +V(a,0) = p(6) - w(a) — p(d) - ms(a).

For any g € L with U,(g) > U,(f(a)) = U,(2(a,d)), we have

p(0) - w(a) — p(d) - ms(a), (7)

sincep(d) - g 2 p(d) - z(a, d) by the definition of z(a, §).
Let § € T" and define the budget set of agent « in trade center § by

Bs(a) :={g € L | p(d) - [(1 + 75(a)) g + ms(a)] < p(6) - w(a) — V(a,d)}.

SinceV(a,d) < p(d) - w(a) — p(d) - ms(a) weconcludethat 0 € Bs(a). Furthermore, by (1)
and p(d) > 0 we have that

p(8) - () + > p(9) - ms(a) < p(d) - w.

acA

Then thereis at least one agent b € A such that
V(b,0) < p(d) - w(b) — p(6) - ms(b) (8)

Thisimpliesthat B;(b) has a non-empty interior. For every b € A satisfying (8) it evidently
holdsthat z(b,0) € Bs(b).

First, we note that x(b, §) is on the boundary of Bs(b). Indeed if g isin theinterior of Bs(b),
then equation (7) impliesthat U,(g) < U, (f(b)) = Up(z(b, 9)).

Second, we claim that z(b, §) is a maximal element in Bs(b). Suppose not. Then there is
ag € Bs(b) such that Uy(g) > Uy(z(b,d)). By continuity of U, there is a neighborhood
around g such that all bundlesin that neighborhood are better than x(b, §). Since B;(b) hasa
non-empty interior, thisimpliesthat thereisabundle h € int Bs(b) with Uy(h) > Uy(f(D)).
But this contradicts (7).



12

This contradiction leads to the conclusion that z(b, §) isindeed a maximal element in Bs(b).
But then strict monotonicity of U, excludes the possibility that certain prices are zero, i.e.,
p(d) > 0. (Otherwise the existence of amaximal element would be contradicted.)

Since p(d) > 0, it is obvious that for any agent « € A we have that B, () is compact and
convex, and U, (f(a)) > U,(g) forany g € Bs(a).

Finaly, evidently f(a) € B,(a) for every a € A. Together with the above and U, (f(a)) =
U,(z(a,d))forevery § € T weconcludethat for every agenta € A thebundle f(a) isindeed
maximal in Nser Bs(a).

This shows condition (iii).

This compl etes the proof of Theorem 3.2. [l

To illustrate the welfare properties related to the choice of atrade center in an economy we
discuss the simplest possible spatial model with two agentsin which trader’s costs are Simply
fixed transportation costs. The next example showsthat in these simple cases the price system
can even be replaced by auniquely determined price vector, i.e., prices areirrespective of the
location of the trade center.

Example 3.3 Access costsonly

We consider asituation in which thebasic dataisgivenby ¢ = 2, A = {a, b}, w(a) = (2,0),
w(b) = (0,2) and finally U, (z1,22) = x2 and Uy(z1,x2) = ;1 foradl z = (z1,22) € RA.
(We remark that these preferences are only monotone, and not strictly monotone as required
in Theorem 3.2 (b).)

We consider aspatial model of thelocation of atrade center. Both agents (a and b) are located
at the extreme positions of some interval, identified with the unit interval [0, 1]. It is clear
that in the absence of maintenance costs only trade centers positioned on thisinterval, i.e., in
between the two agents, are potentially Pareto efficient.

For every k € [0, 1] we definemy,: A — &2 by my,(a) = (k, k) and my,(b) = (1 — k, 1 — k).
The function m;, obvioudy is an access cost function. We limit ourselves to trade centers
which exhibit access costs only, i.e., there are no variable transaction costs and we assume
the absence of setup cost. Under these assumptions we may define I' := [0, 1] as the
collection of trade centers. We assume that there are no losses depending on the transaction
or consumption volume, such as costs due to contracting. For any k& € [0, 1] we have that
myi(a)+mi(b) = (1,1),i.e., theaggregateloss dueto access costsin thiseconomy isconstant
irrespective of the location of the trade center, where k € [0, 1] represents thislocation.
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This defines the economy E!. It isobvious that the set of Pareto efficient allocationsis given
by

{(£,k) | f(a) = (0,1), f(b) =(1,0), k<l0,1]}.

We now claim that for any k& € [0, 1] the Pareto efficient allocation ( f, k) can be supported
as a valuation equilibrium with the following system of prices and valuations.

Letp:= (15 225 e Aand V: A x [0,1] — R givenby V(a, k') := k' — kand V (b, k') :=
k — k. Now (f,k) is avauation equilibrium with respect to the price system given by
p(k') :==p, k' € [0, 1], and the valuation function . Note that the price system is constant,
as the aggregate losses due to access costs in this economy do not depend on the location of

the trade center. O

The following consequence of Theorem 3.2 states some conditions under which Pareto
efficient allocations can be supported by constant price systems. Indeed these are exactly the
conditions of the trade economy as discussed in Example 3.3.

Corollary 3.4 Let I beaneconomywith atrade center with access costsand setup costsonly,
i.e, for everytradecenter v € I': 7,(a) = 0, a € A, suchthat for every agenta € A theutility
function U, is continuous, quasi-concave and strictly monotone. If >°,c 4 m,(a) + ¢(y) =
S acams(a) + c(0) for all v, § € T', then every Pareto efficient allocation can be supported
as a separable valuation equilibrium with a constant price system, i.e., the price vector for
private goods is the same for all possible trade centers.

PROOF

The proof of this corollary is a direct adaptation of the proof of Theorem 3.2 (b), noting that
if the conditions of the corollary are satisfied, F'(y) = F(§) forall v, € I'. Hence, theprice
constructed in that proof is determined uniquely, irrespective of thetradecentery e T. U

In genera it is not possible to decentralize a Pareto efficient allocation relative to a trade
center with the same price for all trade centersif there are non-trivial transaction costs. The
next example, which enhances Example 3.3, shows thisin aclear fashion.

Example 3.5 Access costsand linear transaction costs

Consider a trade situation with the same basic information as given in Example 3.3, i.e,
¢ =2, A= {ab}, wla) = (2,0), wb) = (0,2), Uy(x1,x2) = x2, and Up(z1,x2) = 1.
We now assume that there are no access costs, but there are linear transaction costs. For
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that purpose we introduce for every k € (0, 1) atrade center by the function 7,: A — [0, c0)
defined by 7,(a) = % and 7,(b) = 122 The function 7, describes the market transaction
costs. Given that we limit ourselves to the case of market transaction costsonly, I" := (0, 1)
is the collection of all potential trade centers in this economy. Finally, there are no setup
costs with respect to these trade centers, i.e., ¢ = 0. This completes the description of the
finite trade economy 2.

We claim that the set of Pareto efficient allocationsin F2 is given by

{(fe, k) | fr(a) = (0,2 —2k), fr(b) = (2k,0), k€ (0,1)}.

Each Pareto efficient allocation can be supported as a valuation equilibrium as defined in
Definition 3.1. Take k € (0,1) and the corresponding Pareto efficient alocation ( /i, k).
We introduce the price system p: (0,1) — A by p(k') := (k',1 — k) for every k' € (0,1).
We claim that ( f, k) is a valuation equilibrium with price system p and valuation function
Vk:(0,1) — R given by

Vila, k') :=2(k+ k) —2 and Vi (b, k") :=2—2(k + k'), wherek’ € (0,1).

Note that even at the equilibrium location of the trade center given by k' = k there are
transfers from one agent to the other to compensate for the inequalities of the transaction
costs. These compensationsare given by V. (a, k) = 4k — 2 and Vi (b, k) = 2 — 4k. O

2Thisimplies that the fractional |oss due to market transaction costs for agent a amounts to k and for agent
bisequa tol — k.
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