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a b s t r a c t

Economies with asymmetric information are encompassed by an extension of the model of general
competitive equilibrium that does not require an explicit modeling of private information. Sellers have
discretion over deliveries on contracts; this is in common with economies with default, incomplete con-
tracts or price rigidities. Competitive equilibria exist and anonymous markets are viable. But, for a generic
economy, competitive equilibrium allocations are constrained suboptimal: there exist Pareto improving
interventions via linear, anonymous taxes.
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. Introduction

Asymmetric information plays an important role in the alloca-
ion of resources. The implications of moral hazard and adverse
election have been analyzed extensively from a game theoretic
erspective, which has clarified the nature and implications of
rincipal–agent relations, signaling, and contracts. This analysis
as been, mostly, confined, however, to situations that involve a
mall number of individuals, which both limits its relevance and
eprives it of the advantages of anonymous trade.
The model of general competitive equilibrium allows, even
equires, that individuals be many; it imposes no restrictions on
heir heterogeneity; it limits the information of individuals to their

� We wish to thank Laura Carosi, Tito Pietra and two referees. Bisin acknowledges
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haracteristics and not those of others; and it postulates, even
xplains that their behavior, deriving from their rationality, is not
trategic: it describes competitive markets.

We argue here that economies with asymmetric information are
ncompassed by an extension of the model of general competitive
quilibrium that does not require an explicit modeling of private
nformation. The modifications include, in the description of the
conomy,

the exchange of commodities indirectly, through the exchange
of contracts that pay off in multiple commodities,
the ability of individuals to exercise discretion on the deliveries
on contracts, which derives from their private information, and
the access of individuals to technologies that transform their
endowments prior to trade,

and, in the definition of equilibrium,
the pooling of the deliveries of sellers and their distribution to
buyers in proportion to their purchases.
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The main feature of models of asymmetric information, what-
ver the specific nature of informational asymmetries, including
oth moral hazard and adverse selection, is the discretion of sell-
rs over deliveries on contracts. The pooling of payoffs guarantees
quilibrium in the market for commodities when prices attain equi-
ibrium in the market for contracts; this was noted first in Dubey
t al. (1990, 2005).

Deliveries on contracts remain under private control, while
rades in contracts take place in large anonymous markets and
ence individual trades are also only privately observable. The
ppropriate notion of constrained efficiency restricts therefore
nterventions to lump-sum transfers, common to all agents, and
o the linear taxation of trades in contracts. Indeed, we show that
or a generic economy equilibria are not constrained efficient; this
onfirms an insight by Greenwald and Stiglitz (1986).

An alternative approach to markets with asymmetric informa-
ion was pioneered by Prescott and Townsend (1984),1 who studied
he implementation of incentive-constrained efficient allocations
s decentralized equilibria. To this effect, individual trades must
e observable and appropriate restrictions on individually feasi-
le trades must be added in the equilibrium notion. Without these
estrictions, equilibria are not in general incentive-constrained
fficient.2 This is in line with our result, which focuses on the polar
ase of large, anonymous markets, where individual trades are not
bservable.

. The economy and equilibrium

Individuals are i∈ I = {1, . . . , I}.
Commodities, are l∈L = {1, . . . , L}; a bundle of commodities is3

= (. . . , xl, . . . )′.
Commodities are exchanged indirectly, through the exchange

f contracts.
An individual is described by his consumption set, Xi, a set of

undles of commodities, his utility function over consumption bun-
les, ui, with domain the consumption set, and by his endowment,
i, a bundle of commodities.

Contracts arem∈M = {1, . . . ,M}.
A portfolio of contracts sold, short positions in the market for

ontracts, is � = (. . . , �m, . . . )′ ≥ 0; a portfolio of contracts pur-
hased, long positions in the market for contracts, is � = (. . . , �m,
. . )′ ≥ 0. The sale of �m units of contract m constitutes the obliga-
ion to deliver a bundle of commodities, �mdm = (. . . , �mdl,m, . . . )′,
here dm = (. . . , dl,m, . . . )′ ≥ 0 is chosen by the seller in a given set.
n the other hand, the purchase of �m units of the contract con-

titutes the right to receive the bundle of commodities �mrm = (. . . ,
mrl,m, . . . )′, where rm = (. . . , rl,m, . . . )′ ≥ 0 equals the average deliv-
ries made by sellers on the contract.

The specification of each contract is thus given by a pair:

Dm ⊂ RL+, that describes the restrictions on the per unit admissi-
ble deliveries on the contract: dm ∈Dm, and
�m ⊂ [0, ∞ ), describing the restrictions on admissible sales of
the contract: �m ∈�m.
The payoff, rm, to buyers of the contract is then endogenously
etermined at equilibrium by the average deliveries made by sell-
rs within the set Dm.

1 Also, Kehoe et al. (2002) and Kocherlakota (1998).
2 Hammond (1987, 1989), Cole and Kocherlakota (2001), Citanna and Villanacci

2002), Golosov and Tsyvinski (2007), Panaccione (2007), Fahri et al. (2009).
3 ′ denotes the transpose.
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The setDm of deliveries on a contract need not be a singleton: the
ontract need not specify exactly the delivery of a seller; this gives
ndividuals discretion on the bundle of commodities to deliver.
rivate information over the characteristics of commodities deliv-
red or, more generally, restricted contractual enforceability are
ncompassed by appropriate specifications of the set of deliver-
es on the contract. For example, a set of deliveries of the form
m = {dm : d1,m + d2,m = 1, dl,m = 0, l /= 1,2} prescribes the deliv-
ry of one unit of a generic commodity (e.g. corn), which can be
atisfied by delivering any combination of quantities of commodi-
ies 1 or 2 (e.g. two different qualities of corn) that sum up to 1, at the
iscretion of the seller. Symmetric information and full contractual
nforceability correspond to the case where the set of deliveries on
ach contract is a singleton.

The set �m of sales of the contract need not coincide with the
on -negative real line: it need not allow arbitrary sales of the
ontract. If the set of sales of the contract does coincide with the
on-negative real line, individuals face no constraints in the sale of
he contract and pricing is linear. Alternatively, non-linearities in
he pricing of a contract are encompassed by the specification of
ifferent contracts, mk : k = 1, . . ., with identical sets of deliveries,
mk = Dm1 , but different sets of restrictions on sales,�mk : arbitrary
on-linear prices can be encompassed with each �mk identifying
range of transactions over which pricing is linear.

Aggregate deliveries on each contract are pooled and distributed
s payoff to buyers in proportion to their purchases of the contract,
hus determining the per unit payoff of the contract, exogenous for
uyers:

m

∑
i∈ I

�im −
∑
i∈ I

dim�
i
m = 0, m∈M.

Restrictions on the sales and deliveries on a contract,
dm,�m) ∈Dm ×�m, are described independently of the character-
stics of other contracts, and they do not vary with the individual

ho sells the contract; this permits anonymity and decentraliza-
ion in the exchange of contracts. Joint restrictions on the deliveries
n a contract and the sales on the contract are encompassed by
nlarging the set of contracts.

Across contracts, the set of admissible sales of portfolios of
ontracts is� = ×m∈M�m; the set of admissible deliveries on con-
racts sold is D = ×m∈MDm.

For a commodity, the deliveries on contracts are Dl = (. . . , dl,m,
. . ); across contracts and commodities, the deliveries on contracts
re

= (. . . , dm, . . .) = (. . . , Dl, . . .)
′.

For a commodity, the payoffs of contracts are Rl = (. . . , rl,m, . . . );
cross contracts and commodities, payoffs of contracts are

= (. . . , rm, . . .) = (. . . , rl, . . .)
′.

A commodity, l∗, can be traded directly if there exists a contract,
∗ = l∗, with deliveries given by the singleton set consisting of the
nit vector 1Ll∗ and sales that coincide with the non- negative real

ine. If a commodity is traded directly, one does not distinguish
etween the contract and the commodity.

Commodities l∈ L̃ ⊂ L are not subject to resale; for these com-
odities deliveries can only be made out of individuals’ initial

ndowments. This is appropriate for commodities whose charac-
eristics are private information of individuals endowed with these
ommodities. Even though the set of deliveries on a contract is spec-

fied independently of the individual who delivers on the contract,
or commodities l∈ L̃ ⊂ L not subject to resale, the endowment of
n individual may effectively reduce the set of admissible deliv-
ries. On the other hand, for the commodities l∈L \ L̃ agents can
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the set˛i(q, R) is the set of actions that maximize the utility function
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ake deliveries also out of the bundles obtained as payoff of con-
racts traded and hence can exercise greater discretion on the
elivery on contracts.

An action by an individual, at payoffs of contracts R, is

i = (xi, �i, �i, Di�i) ∈Ai(R),

here the domain of actions of the individual at payoffs of contracts
is

i(R) =

⎧⎪⎨
⎪⎩ai :

xi = ei + R�i − Di�i ∈Xi,
(�i,Di) ∈�× D,
ei
l
− Dil�i ≥ 0, l∈ L̃,

�i ≥ 0.

⎫⎪⎬
⎪⎭ .

rices of contracts are q =(. . . , qm, . . . ).
At payoffs of contracts purchased R and prices of contracts q, the

udget set of an individual is

i(q, R) =
{

(x, �,�,D�) ∈Ai(R) : q(� − �) ≤ 0
}
.

he optimization problem of an individual is

max ui(x)
s.t. (x, �,�,D�) ∈ˇi(q, R).

cross individuals, a profile of actions is a = (. . . , ai, . . . ).
A state of the economy is (R, a), payoffs of contracts and a profile

f actions; it is feasible if

m

∑
i∈ I

�im −
∑
i∈ I

dim�
i
m = 0, m∈M.

weaker feasibility condition requires that∑
i∈ I

�i −
∑
i∈ I

Di�i = 0.

At a feasible state of the economy, markets for commodities
lear for each contract, as aggregate deliveries are pooled and
istributed as payoff for each contract. The weaker feasibility con-
ition allows deliveries to be pooled across contracts.

ssumption 1. For every individual, the consumption set is the set
f non-negative bundles of commodities:Xi = {x : x ≥ 0}; the utility
unction, ui, is continuous and non-decreasing; the endowment is
on-negative: ei ≥ 0.

This is standard.

ssumption 2. For every individual, the utility function is strictly
onotonically increasing in commodity l∗ : ui(x + k1Ll∗ )> ui(x), for

ll x∈Xi and all k > 0; the endowment is strictly positive in com-
odity l∗ : ei

l∗ > 0; and commodity l∗ is traded directly: the per unit
elivery on contract m∗ = l∗ ∈M is one unit of commodity l∗ and
of every other commodity: Dm∗ = {1Ll∗ }, and sales of the contract
∗ are not restricted:�m∗ = [0,∞).

This eliminates local satiation and minimum wealth points: the
er unit payoffs of the contract m∗ sold or purchased coincide,
hile the utility functions of individuals are strictly monotoni-

ally increasing, and the endowments of individuals are positive
n the payoff of the contract; the price of the contract is positive,
nd for no individual is the endowment a minimum wealth point.
ore generally, we could specify contract m∗ as paying off in many

ommodities.

Commodity l∗ can be interpreted as a consumption commodity

vailable at contracting, which is exchanged directly; strict mono-
onicity of the utility function and positivity of the endowment in
ommodity l∗ are then natural.

o

l Economics 47 (2011) 279–288 281

ssumption 3. For every contract, 0 ∈�m; moreover, there exists
n individual who can sell the contract: ei ≥ dm�m, for some
dm,�m) ∈Dm ×�m, with �m > 0.

This guarantees that the budget set of every individual is non-
mpty, and that every contract is, effectively, in positive aggregate
upply.

ssumption 4. For every contract m∈M \ {m∗}, both the set of
eliveries on the contract, Dm, and the set of sales of the contract,
m, are compact.

Compactness ensures that unbounded arbitrage opportunities
o not arise; with deliveries partly at the discretion of the sellers,
here may be arbitrage opportunities at all prices.

In a convex economy,

. for every individual i, the utility function, ui, is quasi-concave,
and

. for every contract m, the set of per unit deliveries on the contract,
Dm, and the set of sales of the contract,�m, are convex.

An economy is

= {I,L, L̃,M, (Xi, ui, ei) : i∈ I, (Dm,�m) : m∈M}.

The model described above is the leading model; it encom-
asses both the standard competitive equilibrium models as well
s economies with private information, default or price rigidities.

efinition 1. A competitive equilibrium is (q∗, R∗, a∗), prices of
ontracts and a state of the economy, such that

. for every individual, the action ai∗ = (xi∗, �i∗, �i∗, Di∗�i∗) is a
solution to the optimization problem at prices and payoffs of
contracts (q∗, R∗),

. the payoffs of contracts lie in the set of deliveries of contracts:
R∗ ∈D,

. the state of the economy (R∗, a∗) is feasible, and

. the market for contracts clears:
∑

i∈ I�
i∗ −∑i∈ I�

i∗ = 0.

If all commodities are traded directly, this is the definition of a
ompetitive equilibrium of Arrow and Debreu (1954) and McKenzie
1954), for an exchange economy.

If the sets of deliveries on all contracts are singletons, while no
ales restrictions are operative, this is the definition of a compet-
tive equilibrium with an incomplete asset market as in Radner
1972).

The feasibility condition (3) only restricts the payoff to buy-
rs for traded assets; condition (2) then imposes the rather mild
equirement that payoffs of non-traded assets lie in the set of
dmissible deliveries on contracts, which eliminates trivial no-
rade equilibria, as long as 0 /∈ Dm.

roposition 1. In a convex economy, competitive equilibria exist.

roof. The set of prices of contracts is4 Q =�M−1.
The action correspondence of an individual, ˛i, is defined by

i(q, R) = {(x, �,�,D�) ∈ˇ(q, R) : (x′, �′, �′,D′�′) ∈ˇ(q, R) ⇒
ui(x′) ≤ u(x)};
f the individual over the budget set.

4 “�K” denotes the simplex of dimension K.
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The compensated action correspondence of an individual, ˜̨ i, is
efined by

˜̨ i(q, R) = {(x, �,�,D�) ∈ˇ(q, R) : (x̂, �̂, �̂, D̂�̂) ∈ˇ(q, R), and

q(�̂ − �̂)< 0 ⇒ ui(x̂) ≤ u(x)};
he complement of the set ˜̨ i(q, R) with respect to the budget set is
he set,

˜̨ ic(q, R) = {(x, �,�,D�) ∈ˇ(q, R) : ui(x̂)> u(x), for some

(x̂, �̂, �̂, D̂�̂) ∈ˇ(q, R), such that q(�̂ − �̂)< 0},
f actions that are budget feasible but yield lower utility than some
ction that satisfies the budget constraint with strict inequality.

For n = M + 1, . . ., the truncated set of prices of contracts is Qn =
q∈�M−1 : qm ≥ (1/n),m∈M}.

There exists a non-empty, compact, convex set Ain, such that
˜ i(q, R) ∈Ain, for (q, R) ∈Qn × D; across individuals, An = ×i∈ IAin.

For (q, R) ∈Qn × D, the budget set, ˇi(q, R), is non-empty and
ompact. Since the utility function is continuous, the set ˛i(q, R) is
on-empty and closed, and, hence, compact; since ˜̨ i(q, R) contains
i(q, R), it is non-empty, and, since its complement, ˜̨ ic(q, R) is an
pen set, it is closed and, hence, compact.

The set ˜̨ i(q, R) is convex: if â, ˆ̂a∈ ˜̨ i(q, R), and 0 ≤�≤ 1, then
= �â+ (1 − �)ˆ̂a∈ ˜̨ i(q, R). This follows from the quasi-concavity
f the utility function, as long as a ∈ˇi(q, R); but this is the case: it

uffices to set�m = ��̂m + (1 − �) ˆ̂�m and dm = �(�̂m/�m)d̂m + (1 −
)( ˆ̂�m/�m) ˆ̂dm.

The compensated action correspondence, ˜̨ i, defined by ˜̨ i(q, R),
s upper hemi-continuous on Qn × D. If a sequence ((q, R)k ∈Qn ×

: k = 1, . . .) converges: lim k→∞(q, R)k = (q, R), an associated
equence of actions (ak = (x, �, �, D�)k : k = 1, . . . ) is bounded and,
ithout loss of generality it converges: lim k→∞ak = a = (x, �,�, D�).

f a /∈ ˜̨ i(q, R), then there exists â = (x̂, �̂, �̂, D̂�̂) ∈ˇi(q, R), such that
(�̂ − �̂)< 0, and u(x̂)> u(x). If the sequence (a′

k
= (x̂k, �̂, �̂, D̂�̂) :

= 1, . . .) is defined by x̂k = ei + Rk�̂ − D̂�̂, by the continuity of
he utility function, there exists k̄, such that ui(x̂k)> ui(xk), for
= k̄, . . .. Since ak ∈ ˜̨ i(qk, Rk), qk(�̂ − �̂) ≥ 0, and, as a consequence,
(�̂ − �̂) ≥ 0, which contradicts q(�̂ − �̂)< 0, for k = k̄, . . .

The correspondence n = ( 1
n, 

2
n, 

3
n), with domain and range

n × D × An, is defined component-wise, by

 1
n(q, R, a) = argmax

{
q

(∑
i∈ I

�i −
∑
i∈ I

�i

)
: q∈Qn

}
,

 2
n,m(q, R, a)=

(∑
i∈ I

((1/n) + �im)

)−1∑
i∈ I

dim((1/n) + �im), m∈M,

 3
n(q, R, a) = ×i∈ I ˜̨ i(q, R);

n particular,  2
n,m∗ (q, R, a) = 1Ll∗ , since dim∗ = 1Ll∗ .

The correspondence n is non-empty, compact, convex, valued
nd upper hemi-continuous, and, therefore, admits a fixed point,
q∗, R∗, a∗)n.

The sequence of fixed points ((q∗, R∗, a∗)n : n =M + 1, . . .), con-
erges: limn→∞(q∗, R∗, a∗)n = (q∗, R∗, a∗).

From the monotonicity of the utility function in the payoff of
ontract m∗, the value of the sales of contracts coincides with the
alue of the purchases of contracts for every individual, and sum-
ation across individuals yields thatq∗

n

(∑
i∈ I�

i∗ −
∑

i∈ I�
i∗)
n

= 0.(∑ ∑ )

rom the definition of 1

n , it follows that q i∈ I�
i∗ − i∈ I�

i∗
n

=
, for all q∈Qn, and, in particular, for q = (1/M, . . ., 1/M), which

mplies that
∑

m∈M
∑

i∈ I�
i∗
m,n ≤

∑
m∈M

∑
i∈ I�

i∗
m,n; since the sales

f contracts lie in a compact set, without loss of generality, for

�

–
–

l Economics 47 (2011) 279–288

ndividual i, portfolios of contracts purchased converge to �i∗.
his, in turn, implies that the consumption bundle converges, to
i∗. The sequence of actions (a∗

n : n =M + 1, . . .) thus converges:
imn→∞a∗

n = a∗.
At the profile of actions a∗, markets for contracts clear. Tak-

ng limits, q
(∑

i∈ I�
i∗ −
∑

i∈ I�
i∗) ≤ 0, for all q∈ ∪n=M+1,...Qn,

hich implies that
(∑

i∈ I�
i∗ −∑i∈ I�

i∗) ≤ 0. If, for some contract,∑
i∈ I�

i∗
m −∑i∈ I�

i∗
m

)
< 0, a modification of the demand of some

ndividual, to �i∗m −
(∑

i∈ I�
i∗
m −
∑

i∈ I�
i∗
m

)
assures market clearing.

The state of the economy (R∗, a∗) is feasible. At a fixed point,

∗
l,m,n =

(∑
i∈ I

((1/n) + �i∗m,n)

)−1∑
i∈ I

di∗l,m,n((1/n) + �i∗m,n),

l∈L,m∈M \ {m∗}.
y direct substitution,

i∈ I

xi∗n −
∑
i∈ I

eiR∗
n

(∑
i∈ I

�i∗n −
∑
i∈ I

�i∗n

)
+
∑
i∈ I

(Di∗n − R∗
n)1M(1/n),

nd the right hand side converges to zero.
For every individual, ai∗ = (xi∗, �i∗, �i∗,Di∗�i∗) ∈ ˜̨ i(q∗, R∗). If

i ∈ˇi(q∗, R∗) is such that ui(x̂i)> ui(xi∗), while q∗(�̂i − �̂i)< 0, then
y the continuity of the utility function, there exists n̄, such that
i(x̂i)> ui(xi∗n ), forn > n̄. The sequence (âin : n =M + 1, . . .) defined
y x̂in = ei + R∗

n�̂
i − D̂i�̂i converges: limn→∞x̂in = x̂i; by the continu-

ty of the utility function, there exists ¯̄n, such that ui(x̂in)> ui(xi∗n ),
or n > ¯̄n. Since âin ∈ ˜̨ i(q∗

n, R
∗
n), q∗

n(�̂i − �̂i) ≥ 0, which contradicts
∗(�̂i − �̂i)< 0.

The price of contract m∗ is positive: q∗
m∗ > 0. If q∗

m∗ = 0, there
xists a contract, m̂∈M \ {m∗}, with positive price: q∗

m̂
> 0. Either,

or every individual, �i∗
m̂

= 0 or, for some individual, î, �î∗
m̂
> 0.

ince the utility function of every individual is strictly monoton-
cally increasing in the payoff of contract m∗, ui(xi∗ + 1Ll∗ )> ui(xi∗).

ince �î∗
m̂
> 0, there exists n̄, such that, for n ≥ n̄, ui(xi∗ + 1Ll∗ −

î∗
m̂

(1/n))> ui(xi∗); but q∗(1Mm∗ − 1Mm̂ (1/n))< 0, which contradicts
î∗ ∈ ˜̨ î(q∗, R∗). If, for every individual, �i∗

m̂
= 0, a contradiction fol-

ows, since there exists an individual who can sell the contract m̂ :
i ≥ dm̂�m̂, for some (dm̂,�m̂) ∈Dm̂ ×�m̂, with �m̂ > 0.

For every individual, ai∗ = (xi∗, �i∗, �i∗, Di∗�i∗) ∈˛i(q∗, R∗). The
ction âi = (x̂i, �̂i, �̂i, Di∗�̂i), with x̂i = ei + R∗�̂i − Di∗�̂i, �̂i = 0, and

ˆ i = 1Mm∗eil∗ , satisfies âi ∈ˇi(q∗, R∗) and q∗(�̂i − �̂i) = −q∗
m∗eil∗ < 0.

f ai′ ∈ˇi(q∗, R∗) is such that ui(xi′ ) > ui(xi∗), then setting ai
�

= (1 −
)ai′ + �âi, for 0 <�< 1, by the continuity of the utility function,
ontradicts ai∗ ∈ ˜̨ i(q∗, R∗), for � sufficiently small. �

The scope of the analysis is enlarged by allowing individuals
ccess to private technologies, Yi ⊂ RL × RL , that can be employed
o transform endowments prior to exchange.

ssumption 5. For every individual, the technology is compact
nd it does not allow for the transformation of commodity l∗: if
ei, yi) ∈Yi, yi

l∗ = ei
l∗ .

In a convex economy, for every individual, the technology Yi is
onvex.

An action by an individual, at payoffs of contracts R, is ai = (xi, yi,

i, �i, Di�i), such that

xi = yi + (R�i − Di�i) ∈Xi,
(ei, yi) ∈Yi.
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The definition of a competitive equilibrium for the model with
roduction is a standard extension of the previous one. The exis-
ence of competitive equilibria for a convex economy follows by an
mmediate generalization of the earlier argument.

.1. Examples

The model encompasses instances of economies with asymmet-
ic information, as well as economies where the discretion over
eliveries is generated by limited commitment, as in models of
efault, price rigidities or incompleteness of contracts.

In simple economies, one commodity, “money” or consumption
t the contracting stage trades directly; it corresponds to commod-
ty l∗ in the formal model and is often not mentioned explicitly. Also,

hen all other commodities, usually l = 1, 2, trade through a single
ontract, the index “m” that identifies contracts is omitted.

(a) Adverse selection occurs when the privately observed, but
xed characteristics of the sellers, preferences or endowments,
etermine their deliveries on contracts.

In the market for “lemons” in Akerlof (1970), each seller is
ndowed with and can deliver either a car of high quality, com-
odity 1, or a car of low quality, commodity 2.
A contract for the sale of a car is described by the delivery set

=
{
d ≥ 0 : d1 + d2 = 1

}
.

he constraints

ei1 − di1�i ≥ 0,
ei2 − di2�i ≥ 0

mply that the informational advantage of sellers pertains exclu-
ively to the cars in their endowment: individuals are not
istinguished by their ability to recognize the quality of the engines
f cars traded in the market. Sellers with endowments ei2 = 0 are
nly able to sell cars of high quality.

Similarly, in the insurance market in Rothschild and Stiglitz
1976), commodities 1 and 2 represent “future consumption at
tate 1” and “future consumption at state 2,” respectively. State
occurs with high probability, �1 > (1/2).

Damage payments on insurance contract are restricted to the
et

= {d ≥ 0 : d1 + d2 = 1}.

ndividuals who suffer a loss at state 2, make premium payments at
tate 1, which occurs with higher probability; they represent “good
isk.”

(b) Moral hazard occurs when unobservable choices by the seller,
ather than his characteristics, determine deliveries on contracts.

In the insurance market in Grossman and Hart (1983) deliveries
n contracts are restricted to the set

= {d ≥ 0 : d1 + d2 = 1},

here, again, commodities 1 and 2 represent “future consumption
t state 1” and “future consumption at state 2,” respectively, and
tate 1 occurs with high probability, �1 > (1/2).

Here, however, individuals are endowed with a technology,

=
{

(e3, y1) ≥ 0 : y1 = ke3
}
,

hat transforms a third commodity, “leisure,” into units of con-
umption at the high probability state.
The conditions

yi1 + ei1 − di1�i ≥ 0,
ei2 − di2�i ≥ 0

c

m

l Economics 47 (2011) 279–288 283

uarantee that deliveries must come out of the endowments of
ndividuals, as transformed by the production activity, and hence
epend on production choices of sellers.

(c) Exclusive contractual relationships in an insurance market
ith moral hazard or adverse selection allow contracts to be differ-

ntiated according to the quantity traded. There is a large number,
∈K = {1, . . . , K}, of contracts; all contracts have the same set of
eliveries

= {d ≥ 0 : d1 + d2 = 1};
hey are distinguished by their sets of admissible sales

k = {0, k}.
cross contracts, the set of admissible sales of portfolios is

= {�∈ ×k∈K�
k : �k = k⇒ �j = 0, for j /= k}.

he specification, which violates the product structure of the gen-
ral specification, implies that individuals can only trade a non-zero
mount of only one contract.

In this set-up, the pricing of contracts is effectively non-linear.
Though the set of equilibria can be large, refinements, as in

ubey et al. (1990, 2005) or Gale (1992) yield the same set of
quilibria as in Prescott and Townsend (1984).

(d) Default is possible when sellers of a contract have the option
f exchanging utility penalties for payments of debts, as in Dubey
t al. (1990, 2005). If payments are denominated in commodity
, while penalties are denominated in commodity 2, the set of
eliveries is

= {d ≥ 0 : d1 + �d2 = 1},
here �> 0 measures the severity of the penalty; utility penalties

re possibly paid by debtors in a commodity whose consumption
s of no interest to creditors.

In the case of collateral, as in Dubey et al. (1996), creditors derive
tility from the consumption of the penalty commodity.

(e) Signaling occurs in a market with adverse selection, when
ellers of a commodity of high quality or good risks are the
nly individuals endowed with a third commodity, the “ability to
cquire education,” as in Spence (1974). A contract with signaling
equires the delivery of the signaling commodity, 3, and

= {d > 0 : d1 + d2 = 1, d3 = 1}.
(f) Ownership and control, following Grossman and Hart (1986)

ay influence the nature of contracts. Commodity 1 is the con-
umption good and commodity 2 is the collateral good. There are
wo possible states of uncertainty. Contract (m, s) accounts for the
irect trade of commodity m in state of the world s. The relative
rice of the collateral good in state s is q2s/q1s. Control rights are
llocated to the seller if, as before, the set of deliveries of a collat-
ralized debt contract is

= {(d1s, d2s)s=˛,ˇ ≥ 0;d1s + �d2s = 1}.
hen control rights are allocated to the buyer,

=
{

(d1s, d2s)s=˛,ˇ ≥ 0 : d1s + �d2s = 1, d2s > 0 if
q2s

q1s
> �
}
.

he buyer accepts the delivery of the collateral good only in the
tate of the world in which such good is worth more than the
xchange rate implicit in the contract, �.
The possibility of renegotiation, as in Hart and Moore (1988),
an be similarly dealt with in this set-up.

(g) Price rigidities and rationing occur when the price of a com-
odity, 1, is required to equal the price of another commodity, 2.
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uiy = 0],

has full dimension, L.
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uyers receive a given composition of commodities 1 and 2 and are
ypically rationed in the commodity of most desired quality.

. Efficiency

The determination of the payoffs of contracts by the choices of
ellers at equilibrium creates an externality, which is a source of
nefficiency.

A state of the economy, (R, a), is incentive-compatible if, for
very individual, ui(ei + R�i − Di�i) ≥ ui(ei + R�i − D�i), for all D such
hat (ei + R�i − D�i) ∈Xi.

A feasible and incentive-compatible state of the economy is
ncentive-efficient if no feasible and incentive-compatible state is
areto superior.

Prescott and Townsend (1984) showed that incentive-efficient
llocations obtain as equilibria with appropriate restrictions over
rades.

Incentive-efficiency restricts attention to interventions compat-
ble with the discretion of sellers over deliveries on contracts; but
t requires full controllability of individual trades, which is not sat-
sfactory when trade takes place on large, anonymous markets.

Greenwald and Stiglitz (1986) proposed the taxation of con-
racts and anonymous, lump-sum transfers as the appropriate
ntervention in a market economy under asymmetric information
nd incentive compatibility constraints; it does not require the
rades or characteristics of individuals to be observable.

A fiscal authority imposes ad-valorem taxes on the sales of
ontracts, t =(. . . , tm, . . . ), and redistributes revenue, T, to each
ndividual.

At prices of assets and taxes (q, t, T), the budget constraint of an
ndividual is

� − (q+ t)� − T ≤ 0;

he budget constraint of the fiscal authority is∑
i∈ I

�i + IT ≤ 0.

competitive equilibrium with taxation is (q∗, t∗, T∗, R∗, a∗).
Taxation implements a state of the economy, (R̂, â), if there exist

rices of assets and taxes, (q̂, t̂, T̂), such that (q̂, t̂, T̂, R̂, â) is a com-
etitive equilibrium with taxation.

efinition 2. A competitive equilibrium is constrained subop-
imal if there is a Pareto superior state of the economy (R, a),
mplementable by taxes (t, T).

In what follows we focus attention on economies with adverse
election, in which the deliveries on contracts, Di, are an exoge-
ous characteristic of each individual. This makes the argument
stablishing generic constrained inefficiency both simpler and
learer. Such argument follows the one used by Geanakoplos and
olemarchakis (1986) and Citanna et al. (1998) for economies with
n incomplete asset market.

In recent work, Geanakoplos and Polemarchakis (2008) showed
hat the taxation of exchanges implements Pareto improvements in
bstract economies with externalities, while Citanna et al. (2006)
btained an analogous result for economies with an incomplete
sset market.

In a smooth, convex economy, for every individual, the utility
unction, ui, is twice continuously differentiable on the interior of

he consumption set; Dui is strictly positive, while D2ui is negative
efinite on the orthogonal complement of Dui; the endowment, ei,

s strictly positive and strictly preferred to any consumption plan
n the boundary of the consumption set. o
l Economics 47 (2011) 279–288

With taxation, the first order conditions for an interior optimum
f the individual optimization problem are

Dui −�i = 0,
R′�i′ − q′�i = 0,
−Di′�i′ + (q′ + t′)�i = 0,
−xi + ei + R�i − Di�i = 0,
−q�i + (q+ t)�i + T = 0,

here �i = (. . . ,�i
l
, . . .) are the strictly positive Lagrange multi-

liers associated with the constraints −x + ei + R�i − Di�i = 0, and �i

s the positive Lagrange multiplier associated with the constraint
�i − (q + t)�i − T = 0.

The market clearing conditions are∑
i∈ I

(�̂i − �̂i) = 0,∑
i∈ I

�̃iR̃−
∑
i∈ I

�̃iD̃i = 0,

t
∑
i∈ I

�i + IT = 0,

here �̂i = (�i1, . . . , �
i
M−1), �̂i = (�i1, . . . , �

i
M−1); �̃i is an (LM × LM)

iagonal matrix with elements �̃i
lm,lm

= �im; R̃ and D̃i are LM-
ectors ( . . . , rlm, . . . ), ( . . . , dlm, . . . ).

Differentiating the above equations one obtains, by repeated
ubstitution, that

i

Dui

�i
dxi =

∑
m

∑
i

�im
Dui

�i
drm = −

∑
m

qm
∑
i

d�im

+
∑
m

1∑
i

�im

∑
i

�im

⎛
⎝∑

j

Dui

�i
djmd�

j
m

⎞
⎠ .

A necessary condition for a Pareto improvement to exist is that
his sum be different from zero. It is immediate that this necessary
ondition is violated if, at equilibrium, the normalized gradients of
he utility functions of individuals are collinear or if the delivery
hoices of individuals are similar, so that

Dui

�i
djm = qm, for all i, j and m.

Thus, for a Pareto improvement to exist, it is necessary that indi-
iduals be sufficiently diverse in their deliveries, in a sense to be
ade precise, while the market is sufficiently incomplete.
The way to an improvement is via changes in the matrix of

ayoffs, R, induced by changes in the supplies of sellers, �i—the
xternality discussed earlier. Even if the deliveries of individu-
ls are different, aggregate payoffs can be modified in sufficiently
any directions by taxes and transfers only if the reactions of sell-

rs to changes in taxation do not offset each other. For this, it is
ecessary to perturb the second derivatives of utility functions
round the equilibrium.

ssumption 6. For every individual, everywhere in the interior
f the consumption set and for every bx /= 0, the subspace5
5 “[ ]” denotes the subspace spanned by a collection of vectors or the column span
f a matrix.
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This ensures that, at an interior allocation, it is possible to per-
urb fully the matrix of second derivatives of the utility functions
f individuals, while leaving the first derivatives unaffected, as
erturbations along the set of competitive equilibrium prices and
llocations require; Citanna et al. (1998) developed the construc-
ion in full.

An economy is described by ω = (. . . , (ei, 	 i), . . . ), where 	 i, a
ector of dimension; �i parameterizes the utility function of agent
;	 = (. . . ,	 i, . . . ), and� =

∑
i∈ I�

i. The set of economies is an open
et,�, of dimension IL +�.

The function G is defined by

(, �,ω) =

⎛
⎜⎜⎜⎝

...
Fi

...
E

⎞
⎟⎟⎟⎠ ,

here  = (. . . , (xi, �i, �i,�i, �i), . . . , q̂, R), a vector of dimension
= I(2L + 2M + 1) + (M − 1) + LM, and � = (t̂, T), a vector of dimension
. The equations Fi = 0 are the first order conditions for a solution

o the individual optimization problem, while E = 0 are the mar-
et clearing conditions at a competitive equilibrium with taxation.
he analogous function without taxation, where � = 0, and the last
quation in E is dropped, is Ĝ(, ω).

Interior competitive equilibria, , of an economy, ω, are solu-
ions of Ĝ(,ω) = 0, with all variables in the interior of their domain
f definition.

A regular interior competitive equilibrium is such that
im [DĜ] = n.

efinition 3. A competitive equilibrium of a smooth, convex
conomy displays sufficient diversity of individuals if

. for every individual, dim [R, Di] = 2M;

. for every contract, dim[ˇi,j = �jm Du
j

�j
[rm − dim] : (i, j) ∈ I × I] = I.

The first condition implies that, at the competitive equilibrium,
eliveries made by individuals are sufficiently different so that they
re never collinear to average deliveries, while the second requires
hat there be sufficient diversity among individuals. In particular,
f gradients were collinear, (Duj/�j) = (Dui/�i) or if deliveries were
ot differentiated, dj = di, the elements ˇi,j would be null.

roposition 2. In a smooth, convex economy with adverse selection,
f

. M > I, L > 2M, and

. for an open set of economies, competitive equilibria are regular
interior and display sufficient diversity of individuals,6
then, for an open and dense subset of this set of economies, com-
etitive equilibria are constrained suboptimal.

6 In condition 2. we assume the existence of an open set of economies whose
quilibria are regular and interior. This is a stronger assumption than needed, it
ould be enough to assume the existence of an open set of economies whose equi-

ibria are regular, without requiring interiority. The existence of such an open set of
conomies has been proved in similar settings (e.g. with short sales constraints and
ndogenous asset payoffs) by Geanakoplos et al. (1990); see also Villanacci et al.
2002), chapter 14.
l Economics 47 (2011) 279–288 285

roof. The function H is defined by

(, b,ω) =
(
Ĝ(,ω)
D,�(G(,0,ω),U(,0,ω))′b
‖b‖ − 1

)
,

here b = (. . . , (bix, b
i
�
, bi
�
, bi�, b

i
�
), . . . , bq, bR, bT , . . . , biu, . . .) is of

imension n + 1 + I, while U(, 0,ω) = (. . . , ui(xi), . . . ). If the function
is transverse to 0, the result follows. This is the case since, for a

iven ω, the number of equations, (n + (n + M) + 1), is greater than
he number of unknowns, (n + (n + 1 + I)). As a consequence, if H is
ransverse to 0, for a generic set of ω there is no (, b) at which
(, b, ω) = 0; that is, at an equilibrium , the ((n + 1 + I) × (n + M))
atrix D,�(G, U) has full row rank. In particular, a Pareto improv-

ng intervention exists; again, Citanna et al. (1998) developed the
onstruction in full.

The function H is transverse to 0 if the Jacobian matrix

H =
(

DĜ 0 DωĜ
D(D,�(G,U)′b) D,�(G,U)′ Dω(D,�(G,U)′b)

0 b′ 0

)

as full row rank whenever H(, b, ω) = 0.
The columns of DωĜ that correspond to derivatives with respect

o 	 are D	 Ĝ; the only non-zero elements are D2
	i,x
ui. Similarly,

n D	 (D,�(G, U)′b), the only non-zero elements are D	i (D
2
x,xu

ibix)

nd D2
	i,x
uibiu. Under Assumption 6, one can restrict attention to

erturbations such that, for every individual, D2
	i,x
ui = 0.

At a regular equilibrium, DĜ has rank n. The problem then
educes to showing that, whenever H(, b, ω) = 0, the matrix

=
(
D,�(G,U)′ D	 (D,�(G,U)′b)

b′ 0

)

as full row rank, where the columns of D	 (D,�(G, U)′b)
orresponding to 	 i are of the form D	i (D,�(G,U)′b) =
0, . . . ,0,D	i (D

2
x,xu

ibix),0, . . . ,0)
′ = (0, . . . ,0,Ni(b),0, . . . ,0)

′
.

For full row rank of K, it suffices that any z = K� can be generated
y an appropriate choice of

= (. . . , (�ix,�
i
�,�

i
�,�

i
�,�

i
�), . . . ,�q,�R,�T, . . . ,�iu, . . . ,

. . . ,�i	 , . . .);

xplicitly,

z1.i = D2ui�ix − IM�i� + Dui�iu + Ni(b)�i	,

z2.i = R′�i� − q′�i
�

+ ÎM�q,
z3.i = −Di′�i� + q′�i

�
− ÎM�q + (R̄′ − D̄i′ )�R,

z4.i = −IM�ix + R�i
�

− Di�i
�
,

z5.i = −q�i
�

+ q�i
�
,

z6 = −
∑
i∈ I

(�i�i�) +
∑
i∈ I

(�i�i�) −
∑
i∈ I

(�̂i − �̂i)�i�,

z7 =
∑
i∈ I

Mi′�i� +
∑
i∈ I

�i′�i� +
∑
i∈ I

�̃i′�R,

z8 =
∑

�i�i� +
∑

�i�i� +
∑

�i�i�,
i∈ I i∈ I i∈ I

z9 =
∑
i∈ I

�i� + I�T ,

z10 =
∑
i∈ I

bi�i + bq�q + bR�R + bT�T +
∑
i∈ I

biu�
i
u,
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here ÎM is the (M × (M − 1)) matrix obtained by adding a last
ow of zeros to the (M − 1)-dimensional identity; �i is the trans-
ose of ÎM multiplied by the scalar �i; Mi is an (M × LM) matrix
hose m-th row is of the form (0, . . ., �i′ , . . ., 0), with non-zero

lements corresponding to the m-th block of columns; �i is an
L × LM) matrix whose m-th block of columns is the L- dimen-
ional identity times the scalar �im; R̄ is an (LM × M), block diagonal
atrix whose columns are of the form (0, r1m, r2m, . . ., rLm, 0),

nd similarly for D̂i. If bix /= 0, one can restrict attention to per-
urbations such that Ni(b) = D	iD2

x,xu
ibix has full rank, L, so that

he elements z1.i can be controlled by �i	 . If, on the other hand
i
x = 0, the matrix Ni(b) vanishes, and perturbation of 	 i have no
ffect.

First, bix /= 0, for all i.
The first seven elements of z can be controlled using

(�i)i∈ I ,�q,�R), because the corresponding matrix of coefficients
s the Jacobian DĜ which has full rank n at a regular equilibrium.
he problem then reduces to showing that the remaining three
lements can be controlled independently.

To control z8, one uses the first (M − 1) elements of �1
�

. This
psets z6 and the elements z4.1 and z5.1, corresponding to indi-
idual 1. One uses �1

�M
to readjust z5.1, and �1

x to readjust z4.1.

his last move upsets z1.1, but N1(b) has full rank L and one
an adjust �1

	 . To readjust z6 one uses the first (M − 1) elements
f �1

�
. This again moves z4.1 and z5.1, which can be undone as

efore. But it also moves z7. To undo this, one needs to use �R,
hich upsets z3.i for all i. Here there is a problem: to adjust

hese elements one should use �i� which moves z2.i and z7

tself (and z1.i, but this can be undone by �i	 ). One needs an
rgument to show that one can move �i� and �R jointly to con-
rol z2.i, z3.i and z7. At a regular equilibrium, this is true. One
onsiders the (2MI + LM)-dimensional subsystem of equilibrium
quations

−xi + ei + R�i − Di�i = 0,∑
i∈ I

�̃iR̃−
∑
i∈ I

�̃iD̃i = 0,

here, of the first equations, one keeps only those correspond-
ng to 2M linearly independent rows of [R, Di]. Taking derivatives

ith respect to ((�i, �i, ei)i∈ I , R) one obtains a matrix of full row
ank. But then, for generic endowments, the (2MI + LM) square
atrix of derivatives with respect to ((�i, �i)i∈ I, R) is full rank.

his is exactly the matrix that allows one to jointly control z2.i, z3.i
nd z7.

To finish the argument, z9 can be controlled by �T (this
psets z , which can be readjusted as before), and z by �i
8 10 u
orresponding to biu /= 0 (this upsets z1.i, to be readjusted by
i
	 ). That a biu /= 0 exists follows from the fact that, if for

ll i biu = 0, then D,�(G(, 0, ω), U(, 0, ω))′b = 0 and regular-
ty of equilibrium imply b = 0, which is impossible at a zero
f H.

Second, for some, i bix = 0.
For any one of the (finitely many) possible cases, a perturbation

rgument similar to the one above is possible.
At a zero of H, it cannot be the case that for all i bix = 0. The

quations in H = 0 corresponding to D,�(G(, 0, ω), U(, 0, ω))′b = 0

s

4

e
f
i
i
t
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re

D2uibix − IMbi� + Duibiu = 0,

R′bi� − q′bi
�

+ ÎMbq = 0,

−Di′bi� + q′bi
�

− ÎMbq + (R̄′ − D̄i′)bR = 0,

−IMbix + Rbi
�

− Dibi
�

= 0,

−qbi
�

+ qbi
�

= 0,∑
i∈ I

�i(bi� − bi�) −
∑
i∈ I

(�̂i − �̂i)bi� = 0,∑
i∈ I

Mi′bi� +
∑
i∈ I

�i′bi� +
∑
i∈ I

�̃ibR = 0,∑
i∈ I

�ibi� +
∑
i∈ I

�̂i(bi� + bT ) = 0,∑
i∈ I

(bi� + bT ) = 0.

If bix = 0, the fourth equation and dim [R, Di] = 2M immediately
mply bi

�
= bi

�
= 0. From the second, third and seventh equations,

nd the first order conditions, one obtains that, for all i and all m,

j∈ I

�jbju
�jm
�m

[
qm − Duj

�j
dim

]
= 0;

his implies that biu = 0, for all i. But then, substitution in the above
quations yields b = 0, which is impossible at a zero of H.

If bix = 0 for i∈ Ik, a subset of individuals, then bi
�

= bi
�

= 0, for
ll i∈ Ik. Moreover, from the second equation above and the first
rder conditions,�ibiu − bi

�
= 0. One can then write a new system of

quations Hk = 0, in which, for each i∈ Ik, one adds these L + 2M + 1
quations and drops those corresponding to z2.i, z3.i, z4.i and z5.i.
he number of equations is unchanged, but now the elements in
= K� corresponding to i∈ Ik are

z1.i = D2ui�ix − IM�i� + Dui�iu,
z2.i =�i�,
z3.i =�i�,
z4.i =�ix,
z5.i = �i�iu −�i

�
.

The perturbation argument then goes by noticing that, for i∈ Ik,
e can control z1.i with �i� (this affects z7, but now �R can be
oved without interfering with z2.i and z3.i, for i∈ Ik).
For at least one i, bix /= 0. This individual allows one to perturb

8. For the individuals in I \ Ik, whose elements z2.i and z3.i are
erturbed by �R but for whom we can use the �i	 , the argument

s exactly the same used above.
For each possible Ik, an application of the transversality the-

rem gives a dense subset of the set of economies O, in which it
annot be the case that Hk = 0, that is it cannot be the case that H = 0
nd bix = 0 for all i∈ Ik. Openness of the sets follows from standard
rguments. The intersection of these finitely many sets is a dense
et of economies in which it cannot be the case that H = 0. �

. Extensions

The convexity of the sets of sales of contracts and of the deliv-
ries on contracts as well as the quasi-concavity of the utility

unctions of individuals that characterize a convex economy fail in
mportant cases. For instance, possible non-linearities in the pric-
ng of contracts are captured, as already argued, by a nonconvex
rading set�.
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A large economy allows for competitive equilibria in non-convex
nvironments.

The access of individuals to private technologies that allow the
ransformation of endowments prior to exchange also expands the
cope of the model.

Individuals are i = (t, n) ∈ I = T × N, where T = {1, . . . , T} is a
on-empty, finite set of types, and N = {1, . . .} is a countably infi-
ite set of names of individuals.

A type is described by the consumption set, Xt , the utility func-
ion, ut, the endowment, et, and the technology, Yt , a set of pairs of
undles of commodities.

An action by an individual of type t, at payoffs of contracts R, is

t,n = (xt,n, yt,n, �t,n, �t,n,Dt,n�t,n),

here the domain of actions of the individual at payoffs of contracts
is

t(R) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩
at :

xt,n = yt,n + (R�t,n − Dt,n�t,n) ∈Xt ,

(et, yt,n) ∈Yt ,

(�t,n,Dt,n) ∈ (�,D),

yt,n
l

− Dt,n
l
�t,n ≥ 0, l∈ L̃,

�t,n ≥ 0.

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎭
.

At payoffs of contracts R, a simple distribution of actions of indi-
iduals of type t is a pair (�t, �t), where �t =(. . . , �t,k, . . . ) is a
robability measure on a finite set, and �t =(. . . , at,k, . . . ) associates
n action of individuals of type t with every element of the support
f the measure �t. For type t, the aggregate portfolio of contracts
urchased is

t = E�t �t,k,
he aggregate portfolio of contracts sold is

t = E�t�t,k,
nd the aggregate delivery on contracts is

�tD
t,k�t,k.

Across types, a profile of simple distributions of actions is (�,
) =(. . . , (�t, �t), . . . ).

A state of the economy is (R, �, �), payoffs of contracts and a
rofile of simple distributions of actions; it is feasible if

m

∑
t ∈ T

�tm −
∑
t ∈ T

E�t d
t,k
m �

t,k
m = 0, m∈M.

weaker feasibility condition requires that∑
t ∈ T

�t −
∑
t ∈ T

E�tD
t,k�t,k = 0.

For economies that are not convex, additional assumptions are
equired to eliminate minimum wealth points.

ssumption 7. For every individual, for consumption bundles
and x̂, xl∗ = 0 and x̂l∗ > 0 ⇒ ui(x̂)> ui(x). For contracts m∈M \
m∗}, dm ∈Dm ⇒ dl∗,m = 0.

A consumption bundle with zero consumption of commodity l∗

ields lower utility than any bundle with positive consumption of
he commodity, and contract m∗ is the only contract that effects

xchanges of the commodity l∗.

The economy is

= {T,L, L̃,M, (Xt , ut, et,Yt) : t ∈ T, (Dm,�m) : m∈M}.
l Economics 47 (2011) 279–288 287

At payoffs of contracts purchased, R, and prices of contracts q,
he budget set of an individual of type t is

t(q, R) =
{

(x, y, �,�,D�) ∈At(R) : q(� − �) ≤ 0
}
.

The optimization problem of an individual of type t is

max ut(x)
s.t. (x, y, �,�,D�) ∈ˇt(q, R).

efinition 4. A competitive equilibrium for the large economy
odel is (q∗, R∗, �∗, �∗), prices of contracts and a state of the econ-

my, such that

. for every type of individuals, every action, at,k∗ = (xt,k∗, yt,k∗, �t,k∗,
�t,k∗, Dt,k∗�t,k∗), in the support of the measure �t∗, is a solution to
the optimization problem at prices and payoffs of contracts (q∗,
R∗),

. the payoffs of contracts lie in the convex hull of the set of deliv-
eries of contracts:7 R∗ ∈ ConD,

. the state of the economy (R∗, �∗, �∗) is feasible, and

. the market for contracts clears:
∑

t ∈ TE�t∗�
t,k −

∑
t ∈ TE�t∗�

t,k =
0.

roposition 3. In a large economy, competitive equilibria exist.

roof. The action correspondence of an individual of type t is
t(q, R); the compensated action correspondence is ˜̨ t(q, R). Since

he convex hull of an upper hemi-continuous correspondence is
pper hemi-continuous, an argument as in the proof of Proposi-
ion 1 yields a pair (q∗, (R∗, aT∗)), of prices of contracts and a feasible
tate of the reduced economy with a representative individual for
ach type, such that at∗ ∈ Con ˜̨ t(q∗, R∗), for every individual.

For K = 2L + 2M + LM + 1, there exists a simple distribution of
ctions of individuals of type t, (�t∗, �t∗), with �t∗ =(. . . , �t,k∗, . . . ),
t∗ =(. . . , at,k∗, . . . ), such that at,k∗ ∈˛t(q∗, R∗), for k = 1, . . ., K, and
t∗ = E�t∗at,k∗.

The state of the economy (R∗, �∗, �∗) is feasible: markets for
ommodities clear.

As in Proposition 1, q∗
m∗ > 0.

For every type of individuals, and for every element of the
upport of the measure �t∗, the action at,k∗ is a solution to the
ptimization problem at prices and payoffs of contracts (q∗, R∗).
f not, there exists a ∈ˇt(q∗, R∗) with ut(x) > ut(xt,k∗). The only way
o exchange commodity l∗ is through contract m∗: xl∗ = el∗ + �m∗ −
m∗ . If xl∗ = 0, then, by the strong desirability of commodity l∗,
∗
l∗ = 0, which is not possible: from the endowment, the individual
an reduce net sales of m∗ and still be strictly better off than at x∗, a
ontradiction. If xl∗ > 0, then the individual can increase net sales
f contract m∗, and find an action â ∈ˇt(q∗, R∗) with ut(x̂)> ut(xt,k∗)
nd q∗(�̂ − �̂)< 0, a contradiction. �
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