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1) Introduction

My starting point is the idea that an economy faces the same
difficulties in allocating resources between investmant and consumption
as it does in allocating resources betwen public and private uses. As
described by Samuelson (1954), the public goods problem is to determine
a Pareto optimal allocation of resources to public goods. He emphasizes
that there is no question that optimal allocations exist. The problem is
to find one. The difficulty arises because there can be no markets in
which individuals reveal their demands for public goods.

Similarly in capital theory, it is possible to prove that Pareto
optimal allocations exist. It is also possible to associate prices with
the allocations, these prices being called Malinvaud prices (Malinvaud, 1953).
But these prices are not market prices in the usual sense. They are present
value prices at the initial period for contracts for future delivery. They
are really Arrow-Debreu prices for forward claims. But as Arrow has
stressed, in reality there cannot exist a complete set of forward markets
(Arrow, 1974a, 1974b). Since the forward markets do not exist, the inter-
temporal alloczation of resources cannot be market determined. This suggests
that perhaps capital or growth theory should be approached by trying to
find appropriate resource allocation mechanisms of the type defined by
Hurwicz (1973). Groves and Ledyard (1977) and others have successfully
treated the public goods problem in this way.

One might argue that the objective function in capital theory is that of

a planner, so that markets are not needed to determine the optimal allocation.



My response would be, who cares about the desires of a planuner? And how
could he possible know the constraints of his maximization problem? These
constraints must be revealed to him through markets or some other
mechanism. 1In a previous paper (1979), I have shown how one can formulate
capital theory in terms of a general equilibrium model with many consumers
and no planner.

The point of view I take may be found, by and large, in Arrow's
presidential address (1974b). He pointed out the importance to imrertemporal
economics of the absence of complete markets for contingent claims. He
stressed the need to understand exactly why these markets do not
exist. He observed that as soon as any markets open in the future, then
people must form expectations about prices on those markets. He expressed
the view that in a changing environmant, agents have little basis for forming
expectations rationally. All these ideas are themes of this paper.

What I do is try to carry Arrow's ideas a little further by analyzing
a simple model. The model is desigred to concentrate on society's problem
in extracting from entrepreneurs information about production possibilities.
The model is such that no contingent claims markets are incentive compatible.
Nevertheless, there does exist an incentive compatible solution (or near
solution) to the allocation problem. The solution involves arranging state

contingent prices and trades in advance, but paying for them at the date of
delivery. This solution seems utterly impractical. 1In fact, it makes sense
only if forward transactions can be arranged without cost, and in reality

contracts are indeed expensive to arrange. 1 do not carry the analysis

further than this. The conclusion is that a sensible mechanism for dealiung



with intertemporal allocations must take into account the costs of wmaking
agreements. It does not seem possible to separate capital theory from
larger perplexing issues having to do with how an economy should be organized.
I wish to emphasize that I reject any notion of rational expectations, for
it would be inappropriate in the contexts I have in mind. Rational expectations
can make sense in the context of repeated fluctuations. More precisely,
rational expectations can make sense if there is no change or if change is
periodic or if it is generated by a statiomary stochastic process. Rational
expectations make sense even when the process is not stationary, provided
individuals understand the mechanism generating the fluctuations. But I

have in wind the context of growth theory, in which changes are novel.



2) The Model

The model is of a world with one kind of produced commodity and with
many independent producers, each of whom uses his own labor and the
produced good in order to produce more of the produced good. Labor causes
disutility. No producer can use anyone else's labor as an input. The
produced good is not storable, so that capital should be thought of as
variable capital.

It takes one period to turn input into output. The production function
of each producer depends on a random variable, which he alone observes.
At the beginning of each period, the producer knows his production function
for that period, though he does not necessarily know what it will be in the
following period.

Each producer is also a consumar. There are no other consumers in the
economy. The consumer-producers are referred to as agents,

The time horizon is finite. All agents come to life in period zero.
and disappear at the end of period T. FProduction starts in period one.

The agents should be thought of as entrepreneurs. There are no other
consumars or laborers in the model simply because I want to concentrate on
entrepreneurial behavior.

I now describe the model formally. There are I agents, where I is

a positive integer. 1In period t, agent 1 observes the random variable

St where t =1,...,T . Si¢ may take on the values 0 or 1. No other
agent observes i Agent i knows the distribution of the stochastic

T . .
process fsit1t=1' The variables S, 1 =1,...,I are not assumed to be

mutually independent. In my opinion, such an assumption would be

inappropriate.



I use the following notation in dealing with the Sit* St denotes

the random variable (slt""’SIt)’ and S denotes the set of all

possible vectors S, - 2 denotes t%ls, wnere "X'" denotes the

cartesian product. 5 = (Sl""’ST) denotes an element of 7 .

S;p may be considered to be a random variable on ¥ . That is,

Si¢ ° %+ {0,11 in the function which gives the (i,t)th component of

points in Z. 5 is the field on I generated by the random variables
Sin’ for i =1,...,I and n=< t. Jt represents the information in
the economy at time t. Of course, no one agents knows all this informtion.
P denotes the probability on 3. 7P(s) 1is the probability of the point
s ¢ 2.

The production function of agent i at time t is
£t [0,1] x [0,0) x §0,1} » [0,00), where t =1,...,T-1. (There is no
production at time T.) If agent i wuses a units of his own labor and b
units of the produced good as inputs during period t, then his output in

period t+1 is fit(a’b’sit)'

The utility function of agent i for one period is

uy [0,1] x [0,0) 4 (-» ,0). His utility in one period is ui(a,x), where
a 1is his labor input and x 1is his consumption of the produced good.
Utility is additively separable with respect to time and uncertainty.

Agent i is endowed in period zero with ¢ units of the produced

i0

good, This is his portion of the initial capital stock of tae economy.
A program for an agent is of the form

(E’E’S’f) = ((al,bl,cl,dl),...,(aT,bT,cT,dT)), where

(at,bt,ct,xt): 2 [0,11 x [0,0) X [050) X [0,0) and is measurable with

respect to g . At time ¢, at(f) is the agent's input of

labor, bt(f) is his input of produced goods, and



xt(s) is his consumption of the produced good. ct(s) is his output

in period t + 1. The program is feasible for agent

i if ct(f) fit(at(f)’bt(f)’sit)’ for all s and t, and if

~

ap = bT = cp = 0. Notice that a program for one agent may depend on the

random variables observed by other agents, even though he does not observe

them himself.

Agent 1i's expected utility from the program (a,b,c,x) is

T ~ o~ o~ e

E 2 ui(at,xt), where E denotes expected value. The expected value is
t=1

from the point of view of period zero.

. . I
An allocation for the economy is of the form ((ii’Ei’Ei’fi))i=1 .
It is feasible if (ai’bi’ci’xi) is feasible for agent i, for all i and
I ~ ~ ~ ~
if Z -
i i=1(bit(i) + Xit(f) ci,t-l(E)) = 0, for all E and t, where

ciO(E) is simply the initial endowment, ciO'



3) Assumptions

I list the assumptions I make. They will be maintainad throughout

the paper.
3.1) I=2 and T= 2.
3.2) P(s) > 0 for all s
3.3) fit(' ;*5,8): [0,1] x [0,0) » [0,0) 1is continuously differentiable,
non-decreasing and strictly concave, for all i, t and s .
3.4) of, (a,b,s)
: TTSETTTTTT > 0, for all 1i,t,a, b and s and
Bfit(c,b,s)
—-=*<~—-—> 0, for all i,t, a and s if b > O.
da ’
3.5) fit(a,b,l) > fit<a’b’0)’ for all i, t and a if b > 0.
3.6) For alli, u, 1is continuously differentiabl= and strictly
i
5ui(a,X) aui(a,X)
concave. Also, —Sa " < 0 and S5 > 0, for all
a and x.
3.7) cig” 0, for all 1.

Finally, I recall what each agent observes.



3.8) Agent i and only agent i knows the functions fit and
T

{Sit1t=1’ and observes

ug s observes the random variables

his own inputs and output.



4) Arrow-Debreu Equilibrium

I describe formally an Arrow-Debrew equilibrium in the model just
defined. (The idea of having forward markets for contingent claims is
due to Arrow (1953) and Debreu (Chapter 7 of 1959).)

A price system is a non-zero vector of the form p = (pl,...,PT),
where P, =2 [0,0) 1is Jt-measurable. pt(f) is the price of the

produced good in state s at time t. More precisely, pt(s) is the price

~
~

for delivery at date t and in the event [s1 = s .58, = s 1.

t t
The budget set of agent i is Bi(p) = {(a,b,c,x) | (a,b,c,x) is a

~ ~ o~ ~

feasible program for agent i and
T T-1
E Zp*x. =EI[ 2 (p_+¢.-P.b.)+ pic. 1.
g1 £ E pog BHLE Tt 17i0
The response function of agent i is gi(p), £.(p) 1is the set of
~ 1 ~

solutions to the problem

T
max {E Z

. ui(f’f) ‘ (a,b,c,x) € 61(2)1 .

1 ~ A A

An Arrow-Debreu equilibrium is a feasible allocation

I .
((fi’Ei’Si’fi))i=l and a price system E such that (fi’Ei’Si’fi) € gi(g),
for all 1i.
The fact that an Arrow-Debreu equilibrium exists follows from standard
existence theorems of, say Arrow and Hahn (1971) or Debreu (1959). 1In

applying their results one must identify each agent's labor as a separate

commodity with its own price.



5) Incentive Compatibility of Arrow-Debreu Equilibrium

Arrow-Debreu equilibrium makes extreme demands on the honesty of
agents. This should be obvious to those familiar with Radner's paper
on uncertainty in equilibrium theory (Radner, 1970). Radner pointed
out that a trader cannot be expected to commit himself to a contract
contingent on an event he cannot observe. In spite of Radner's work,
it is useful to see exactly wnhy Arrow-Debreu equilibrium does not make
sense in the model at hand. The answers shape the nature of the allocation
problem in the model,

Arrow-Debreu equilibrium functions in the following way. 1In period
zero, each agent declares to the others the probability distribution
of his own random variable. Recall that by assumption 3.8, only agent i

T

knows the probability distribution of {Sit1t=1 . Somehow, all the agents

must agree on the joint distribution of the random variables Sit’ for all
i and t. Without this information, they cannot calculate the expected
utility of contingent contracts.

Let us suppose that the probabilities have been revealed. The forward
markets then open, and prices are determined for contingent contracts. The
agents buy and sell contracts. This all happens in period zero. At later

dates, there is no trade. At the beginning of each later period, each
L ]

agent announces the state he observes. The contracts then specify deliveries
as a function of the announcemants made by all the agents.

It should be obvious that all agents would probably find it to their
advantage to lie about the probabilities. Everyone would want to exaggerate

the probability of being in a productive state. In this way, he would

10



11

increase the price of his output contingent on the state waen he could
deliver more. If events were of a repetitive nature, mechanisms could
be designed to overcome this problem. But I am imagining that the
context is one of growth and change in which new things happen.

Let us pass over this difficulty and suppose that agents report the
probabilities correctly. In later periods, the agents are free to
report whichever state they please, but they must fulfill the commitmants
specified by their contracts. These rules define a game. I now show that
an Arrow-Debreu equilibrium is unlikely to be a Nash equilibrium of this
game. The idea is simply that when an agent observes 1, he can avoid
work by reporting O and working only enough to deliver the output
specified for state 0.

In order to see this problem in more detail, let ((ai’bi’ci’xi)) and

~

~

p form an Arrow-Debreu equilibrium. Suppose that i, t and s are such
that ait(f) > 0, bitgf) > 0, and Sip = 1. If the Arrow-Debreu equilibrium
is a Nash equilibrium in the sense just described, then we may suppose that
all agents j other than i announce their true observations, Sjt’ at
tim2 t. Given these announcements, agent 1i's allocation and presumed
labor input depend on his announcement, s, where s =0 or 1. If e

announces s, he is responsible for fit(A(s),B(s),s) units of output,

where A(s) 1is his presumed labor input and B(s) 1is his goods input in

the Arrow-Debreu equilibrium. By assumption, A(l) =a (s) > 0, and it
it ~

seems reasonable to assume that A(0) = A(l). If he announces 0, he

must deliver fit(A(O),B(O),O) units of output, and by assumption 3.5,

fit(A(O),B(O),O) < fitCA(O),B(O),l). By assumption 3.4, there



12

is A < A(0) such that fit(A’B(o)’l) b fit(A(O),B(O),O). Therefore,

if agent i reports O when he observes 1, he may fulfill his commitments
by using only A wunits of labor, where A < A(0) = A(1). 1If he were
honest he would have to use A(l) wunits of labor. It seems unli kely

that other variables in the model would depend significantly on agent 1i's
anuouncements. In particular, his consumption should be nearly independent
of his announcement, since the Arrow-Debreu egquilibrium is supposed to
provide perfect insurance. It follows that his utility should increase if
he lies and works less.

In fact, it seems likely that the only Nash eguilibrium would be for
all agents to announce Si¢= 0 at all times. Notice that in this
situation, no agent could ever prove that another was lieing, even though
it would be obvious to all that all were lieing.

The cheating just described would hurt the economy in two ways. Not
only would agents work less than they should, but the (temporarily) more
productive agents woculd not be favered in the allocation of the produced
good,

A similar cheating problem would be the following. In period zero,
the agents would know that they would always report zero. Hence, they
could promise to produce more for state 1 than would bz feasible, in

order to be paid more in period zero for the promised output. Recall that

by assumption 3.8, only the agents know their owa production functioms.
It might have occurred to the reader that the cheating problems just

described could be overcome simply by giving an agent a sufficiently large

consumption bonus every timz he reported 1. Such an arrangement would

destroy the Pareto optimality of the allocation, for the allocation would



no longer provide perfect insurance. However, there is a deeper

problem. The bonuses could not be market determined. Their determination
would require fairly precise knowledge of the agents' production and
utility functions. But by assumption,only the agents themselves know

these functions. It would not be sufficient simply to give an agent a

very large reward if he reported 1, TIf the advantage in reporting 1 were
too great, he would have an incentive to report 1 even when he observed O,
Of course, if he did so he would have to produce in state 0 what he had
promnised to produce for state 1, But he could anticipate this problem

in period zero and promise to deliver in state 1 only what he could

produce in state 0. WNo one would kmow that he could in fact produce more.

13



6) The Second Best Solution

Radner (1970) suggested that the Arrow-Debreu model be modified
by allowing each agent to trade oaly in contracts contingent on events
he observed. I call equilibrium with such trade Radner equilibrium.

Radner pointed out that his notion of equilibrijum would be Pareto optimal
in a 1imited sense. The equilibrium would not be dominated by any
allocation which was such that each agent's allocation depended
only on events he observed.

Why not be satisfied with this form of Pareto optimality? The
answer is that it might be possible to achieve a Pareto superior
allocation by allowing trade at times other than tia= zero. I suppose
that many economists are aware of this fact. Radner mentioned it in
an aside (1970, p. 54). Nevertheless, I give an example in order to
make sure that the point is well understood.

In the model of this paper, no two agents observe the same events, so
that forward contracts cannot bz contingent on any events. Tnat is, forward
contracts must specify the same deliveries for all states. The idea of
the example is that if agents trade when their information becomes available,
then they are better able to take advantage of it.

In the example, agents trade forward at time 1, rather than at
time zero as they would in a Radner equilibrium. Since agents trade
forward, they do not need to form price expectations, which they would have
to do if trade occurred in a succession of perioils.

There is no labor in the example, since I am not concerned with

incentive issues here.

14



Example There are two agents and T = 2, The utility fuunction of

each agent is u(x) = log (x+1). The production function of each agent in
period one is f£(b,s),where f£(b,0)=0 and f(b,1)=2 ,/b.  The initial
endowment of each consumer is Cio = 3, 1 =1,2. The random variables

sy are independent. Each one takes on the value zero with probability

one-half and one with probability one-half.

The states of the world are denoted by E = (810’520)' That is,
s = (0,1) means that in period zero agent 1 observes 0 and agent 2
observes 1.

Tne example is symmnetric in the two agents. It follows that there is

no trade in a Radner equilibrium. In such an equilibrium, the consumption

allocation of agent 1 would be the following.

x1,(0,0) = x,,(0,1) = 0
x10(1,0) = x,(1,1) = 0
—_ 2.

xll(lio) = xll(lyl) -

In these formules, xit(g) is the consumption of agent i 1in period ¢t
when the state is s . That is, agent 1 would consumer all his endownent
in period zero if he observed 0. Otherwise, he would consume two units

and use the other unit for production. The consumption allocation of

agent 2 would be of the sam2 nature. The expected utility of each

agent in the equilibrium is log 6.

15



Now suppose that trade took place in period one instead of in
period zero. The agents would exchange currently delivered good
against good to be delivered in the following period. The resulting
equilibrium depends on the state of the world s . It is described
by the table below. The table should be interpreted as follows. When
the state is MK prices for current and forward good are 121 and Py

respectively. Also, consumption of agents 1 and 2 are

(Kll,xlz) and (x21,x22), respectively.

s = (L0 (ppipy) = (1,6/3), (e ,%,) = @3, 15)
2

and (x21,x22) = (13‘, 1.

s = (0,1 (0),p,) = (1,4/3), G oxyy) = 03, D,
and = (¥);,%),) = Q%’I%)'

s = (0,001 (py,py) = (L&), (xyp % ),) = (3,0
and (X21,X22) = (3)0)-

s = (1)1): (Pl:Pz) = (1,1),(}{11,}{12) = (2)2)

and (2,2).

(xy15%99) =

The expected total utility of each agent in this equilibrium is

log (8 V/é- ), which exceeds log 6, the expected utility in the Radner
equilibrium.

Allowing trade at time zero does not give as good a result as does the
Arrow-Debreu equilibrium. In the Arrow-Debreu equilibrium, the consumption
of both agents would be identiecal in states (1,0) and (0,1). Equilibrium
with trade at time one does not achieve full insurance. But it does make

better use of information than does the Radner equilibrium.

16



7) Temporary Equilibrium With Forward Commitment

There is a fairly obvious way to overcomes the incentive problems
of Arrow-Debreu equilibrium. Imagine that agents trade every period in
currently available output and in uncontingent forward contracts. Imagine
also that agents agree in period zero on prices for every date and event.
They also agree on the probabilities of all events. Finally, the agents
must promise to announce their observations in every period. These
arrangements would make it possible for agents to have rational expectations
about future prices. Also, the incentive problems previously discussed
would not arise, for agents would not be paid in advance for contingent
delivery. I call equilibrium with these arrangements, temporary equili-
brium, though it is somewnat different from the usual notion of temporary
equilibrium (see Grandmont, 1977).

Temporary equilibrium does not provide perfect insurance and so does
not guarantee Pareto optimality. The example of the previous section demon-
strates this fact. The lack of Pareto optimality should not be of great
concern, since I am concentrating on the organization of production and not
on insurance problems. 1In the next section, I consider temporary equilibrium
with self-insuring agents. With self-insurance, temporary equilibrium

beconzs Pareto optimal.
I now describe temporary equilibrium formally. For simplicity, I allow

no trade at time zero and allow forward trade only omne period in advance.
A price system is a vector of the form p = (pl""’pT—l)’ where

P * T4 (0,0) 1is Jt- measurable. Notice that prices are non-zero.

17



pt(s) is the number of units of good which must be delivered at

A A

date t in event [s1 = Sl""’st = St] in order to obtain one unit

of good at date t+1 in the same event.

A program for an agent is of the form (a,b,c,x,d) where

~ e e oA e

E,P,c and x are as in section 4. d is of the form d = (dl"”’dT—l)’

~ ~ ~

where d : Za (-e»w) is Jt-measurable. dt(s) is the quantity of
good the agent buys one period forward at date t and in event

[s1 = Syse..s8 = %t]. The good is delivered at date t+ 1. The program

is feasible for agent i if ci(f) = fit(atQE),bt(f),Sit) and

dt(s) + ct(s) = 0, for all t and s. The second condition says that

~

agents cannot sell wmore than they plan to produce. Allowing agents to
do so complicates the proof that temporary equilibria exist.

. . I
An allocation is of the form ((fi’Ei’c"fi’ii))i=1 , Where

~

(ai’bi’ci’xi’di) is a program for agent i. The allocation is feasible if

~ ~ ~ ~

(ai’bi’ci’xi’di) is feasible for agent i, for all i, and if

I
b - = =
( it(f) + xit(f) ci,t-l(f)) 0 and z dit(f) 0, for all s and

I
5
= i=1 ~

i=1

The budget set of agent i is

Bi(p) = {(a,b,c,x,d) | (a,b,c,x,d) 1is a program for agent i

~ N e s o~ ~ o~~~ o~

and, for all S5 S0 " bl(f) - xl(f) = pl(f)dl(f)’

ct-l(f) + dt-l(f) - bt(f) - xt(f) = pt(i)dt(f)’ for t = 2,...,T-1

and cq_(s) + 4y () - xp(s) = 0 1.

The response of agent i, gi(p), is the set of solutions to the

problem

18



T
max {E z

. ui(at,xt) 1 (a,b,c,x,d) € 61(2)1 .

1 ~ o~ o~~~

A temporary equilibrium is a price system p and a feasible allocation

((fi’bi’ci’xi’Si)) such that (ai’bi’ci’xi’fi) e gi(B), for all 1.

~ ~ ~ ~ ~ ~ ~

I prove in an appendix that a temporary equilibrium exists. The proof

is quite standard.

19



8) Temporary Equilibrium with Self-Insurance

In temporary equilibrium, there are no markets for insurance. But
in reality, agents can insure themselves to some extent by using money
or other assets. (Self-insurance has been discussed in (Yaari, 1976),
(Schechtman, 1976), (Bewley, 1977) and (Grossman, Levhari and Mirman, 1979).

So far, there have been no storable assets in the model. I now go
to the opposite extreme and introduce an asset so perfect that complete
self-insurance is possible. Doing so has the advantage that temporary
equilibria become Pareto optimal.

In reality, of course, complete self-insurance is impossible. Hence,
there is a conflict between providing managers with insurance and with
incentives to produce. I assume complete self-insurance simply in order to
avoid this conflict.

The asset I introduce should be thought of as net credit balances.
Every agent can hold an arbitrary positive or negative balance. Credit
balances have no direct utility until the last period. 1In that period, the
utility of agent i 1is ui(a,x) + B, where B is his net balance at
the end of the period. This formulation gives balances constant marginal
utility over time. This constancy is startling. We may think of the credit
balances as money, and one of the difficulties faced by economic planmners
in reality is that they cannot control or predict precisely consumers'
marginal utilities of money.

In a temporary equilibrium with credit balances, it is not necessary to
trade forward. Agents can use credit to finance their purchases and so do

not need to sell forward.



A temporary equilibrium for the model with credit is described by

a feasible allocation ((fi’bi’ci’xi)) and a price system B = (pl,...,pT).

~ ~ ~

The allocation and price system are just as in an Arrow-Debreu
equilibrium. However, the interpretation of prices is different. pt(s) is

the price at time t and in state s for good for current delivery. The

~

unit of account is credit.

The credit balances of agent 1 are described by Bi = (BiO""’BiT)’

~

where Bit(s) is his balance at the end of period t. Agents start with no

~

credit balance. That is, Bio = 0. Given (ai’bi’ci’xi) and E s the

~ ~ ~ ~

other balances Bit are defined by induction on t as follows.
Bi’t_l_l(f) = Bit(f) + pt(f)(ci,t_l(f) - bit(f) - Xit(f))

A temporary equilibrium (with credit) is a feasible allocation
((ai’bi’ci’xi)) and a price system p such that for each i,

~ ~ ~

((Si’Ei’ci’xi)) solves the problem

~ ~

I |

+ - .
max {E [ ui(ait’xit) BiT] | (fi’bi’ci’xi) is an allocation

~ ~ ~

t=1

feasible for agent i1} ,

where it is understood that BiT(E) depends on (Ei’Ei’ci’xi) and B .

~ ~

It is easy to see that such a temporary ejuilibrium exists. 1In fact,

it is essentially unique. The feasible allocations form a compact subset

of a Euclidean space. Hence, the problem

21
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I T
8.1) max{Eizl t§O lli(ait’xit)‘ ((fi’Bi’Si’fi)) is a feasible

allocation }

has a solution. Call the solution ((ai’bi’ci’xi))' I now define prices.

The definition is by backwards on t. Let

du, (0,%,,.(s))
PT(S) = max = axl . Given pt+l(f)’ let
du, (a, (s),x,, (s)) df, (a, (s),b. (s),s..)
p.(s) = mix max _ Lo ar e~ it~ , P (s) it it~ it ~___£E_\ .
t. i Bx t+1 Bb /

This defines p. It is easy tc check that ((ai,bi,ci,xi)) and p form
a temporary equilibrium.
The allocation of any temporary equilibrium with credit solves problem

8.1. This is so because in equilibrium the marginal utility of credit of

any agent is one in any period and any state.
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9) The Incentive Compatibility of Temporary Equilibrium

If there were no costs to making forward agreements, then either
form of temporary equilibrium would be incentive compatible under a
reasonable assumption. The assumption needed is that no agent i can
influence any price significantly in any way by misrepresenting the
probability distribution of {sit} or his observations of the Sice This
assumption makes sense in the contexts appropriate for the model. It is
clear that if the assumption were valid, then no agent could gain by
misrepresenting. A rigorous statement would be an asymptotic one.

Temporary equilibrium would be asymptotically incentive compatible as the
number of agents went to infinity and as each agent's influcence on prices
went to zero. Thus, either form of temporary equilibrium nearly solves

the intertemporal allocation problem. I say 'mearly' because I have not
dealt adequately with the insurance problem.

But temporary equilibrium is a solution only because I have neglected
the costs of forward arrangements. Such costs clearly exist, and when there
are such costs, temporary equilibrium makes little sense at all. One can hardly
think of temporary equilibrium as incentive compatible in this case. Suppose
that all agents cooperated but one and that they determined forward prices.
If making contracts required any effort, then the one agent
would prefer not to cooperate and simply to trade at the announced prices.
If there were many agents, his extra demand or supply would hardly be
noticed.

One could try to overcome this problem by forbidding agents to trade

unless they had participated in the forward planning process. But such a
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prohibition might be hard to enforce. Furthermore, it would not
necessarily be socially advantageous to do so. The costs of

arranging contracts could be enormous, for the number of dated events

grows exponentially with the tim2 horizon. Some other scheme might be
better. For example, one might pay a random sample of agents for
participating in forward planning. Further work in this direction would
require specification of the costs involved in making contracts, in finding

equilibrium prices, or in doing whatever planning requires.
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10) Arrow, Coase and Hayek

The thoughts discussed in this paper are closely related to
ideas of Arrow (1974a, 1974b), Coase (1932) and Hayek (1937, 1945).

Coase asked why firms exist at all. Why not have all economic
interactions be arranged on markets? Part of his answer was that it
is costly to interact on markets and to arrange contracts. These costs
can be avoided by forming an organization which exercises at least some
authority. For instance, a total market solution would lead to
contracts for labor which would specify exactly what the laborer would do
in every possible circumstance. 1f laborers did not care how their
services were used, it would be cheaper to give employers authority over
laborers during specified periods. (I am paraphrasing passages on
pages 391 and 392 of Coase's article.)

Arrow (1974a) discusses issues very similar to those raised by Coase.
Arrow takes the view that "organizations are a means of achieving the benefits
of collective action in situations in which the price system fails"
(1974a, p. 33). 1In his discussion of economic organizations, he
emphasizes the costs of gathering and transmitting information.

Thus, both Coase and Arrow urge, just as I do, that one take into
account the costs of planning and coordination themselves.

Hayek (1937 and especially 1945) described a version of reality which
corresponds exactly to that which lies behind the model of this paper., I

quote a key passes (on pages 519 and 520 of 1945).



"The peculiar character of the problem of a rational
economic order is determined precisely by the fact that the
knowledge of the circumstances of which we must make use
never exists in concentrated or integrated form but solely as
the dispersed bits of incomplete and frequently contradictory
knowledge which all the separate individuals possess. The
economic problem is thus not merely a problem of how to allocate
'given' resources -- if 'given' is taken to mean given to a single
mind which deliberately solves the problem set by these 'data.'...
it is a problem of the utilization of knowledge which is not given
to anyone in its totality."

Hayek also emphasized the importance of change and novelty in economic
life. 1It is this idea wnich lies behind my refusal to use rational
expectations.

Hayek goes on to argue that the competitive system solves society's
coordination problem and does so with a remarkable economy of information
exchange. It gives the '"man on the spot" a free hand, while giving him
just the information he needs in order to take into account society's needs.

I quote Hayek again (1945, pp 526,527).

""The most significant fact about this system is the economy
of knowledge with which it operates, or how little participauts
need to know in order to be able to take the right action , ...
It is more thaun a metaphor to describe the price system as a kind
of machinery for registering change..."

Hayek's optimism about the competitive systems seems somewhat
gratuitous. The achievements of the system may strike one as impressive.
But no one has considered rigorously whether alternative systems could do
better in a world such as that described by Hayek. The problem is that when

information is dispersed, complete Arrow-Debreu markets become impossible,.
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As Arrow pointed out (1974b), it is not clear that the competitive
system functions efficiently when such markets are absent. The following
remark of Arrow's makes an interesting contrast with Hayek's criticism of

economists who advocate central planning (1974b, pp. 5,6).

"Even as a graduate student, I was somawhat surprised at
the emphasis on  static allocative efficiency by market
socialists, when the non-existence of markets for future goods
under capitalism seemed to me a much more obvious target."
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Appendix
I prove that a temporary equilibrium exists for the model of
section 7.

Assumption 3.3 implies that the set of feasible outputs is bounded.
I

Let ¢ > 0 be such that 3 cit(s) <¢, forall i, t and s and
=1t~ ~

for any feasible allocation ((ii’bi’ci’fi’ii))'

~ ~

The boundedness of production implies upper and lower bounds on prices.
Bfit(a,O,s))

-1
Let Et = min {<—————Tﬁ;——"9 ‘ all i, a and s1 and let
- O (a,8,8)\7F
p, = max {(——izsg—————> | all a2 and s} . Assumptions 3.3 and 3.4

imply that 0 < P < ;t < . p._ and ;t are lower and upper bounds on

t
prices, respectively.

et A= {p = (pl,...,pT_l)] p is a price system and B, =P

~

(s) = P>

~

t

for all t1. A is a compact convex subset of a Euclidean space. I apply
the Brouwer fixed point theorem to a function on A.

I now truncate the budget set. Let Bi(P) = {(a,b,c,x,d) ¢ Bi(p) |

~ o~~~ o~

no components of b,c,x, or d exceed c¢ in absolute value }

~ o~ e ~

Let gi(p) solve the problem

T

max {E tglui(at,xt) | (a,b,e,x,d) e By () 3.

~

£ 1is a continuous function on A.

Let z(p) be defined as follows. z(p) = (zl(p),...,zT_l(p)), where
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o~ H

zy (P »8) = (xjp (8) = by (8) ey 4(8)) and

i=1
(ai’bi’ci’xi’di) = gi(p), for all 1.
Finally, let h: A3 A be defined as follows h(p) = (ql,..,qT_l),

where qt(S) = min (Et,max (pt,pt(s) - zt(p,s))), for all s and t.

~ ~

h is continuous, so that it has a fixed point, p . Let

(fi’bi’fi’fi’fi) = gi(f), for all i.

~

It is sufficient to show that z(p) = 0 , for this means that

I
A.1) iEl(bit(i) + xit(f) - ci,t-l(f)) = 0, for all f and t.

Also, by adding the budget constraints of the individuals one obtains

I

A.2) izl(bit(f) + xit(f) - ci,t-l(f) - di,t-l(f))
I

= -p.(8) 2

d, (s), for all s and t,
i=1 1t~

~

where it is understood that diO(S) = 0, Equations A.1 and A,2 imply that

I
A.3) b dit(s) =0, for all s and t.
i=1 ~ ~

This equation is proved by induction on ¢t.
Equations A.1 and A.3 state that the allocation
«ai’bi’ci’xi’di)) is feasible. Since it is feasible its components are

~ ~

all less than ¢ in absolute value. A standard argument now proves that
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(fi’bi’fi’fi’gi) belongs to gi(g) as well as to gi(B) . This

~

proves that ((ai’bi’ci’xi’di)) and p form a temporary equilibrium.

~ ~

I now prove that =z(p) = O . Suppose that zt(p) # 0 and let t

be the smallest value of t such that zt(p,s) # 0, for some s

~

Then, the allocation ((ai’bi’c"x"di)) is feasible in the periods before

I ~ ~ ~ ~

so that z c.
..t’.’ C, E_l(f) <c

.1 1, :
=L I _
- 5
Suppose that zE(B,i) < 0. Then, b1,5(5> = i;lci:E‘l-(S) < ¢ . Also,
p (s) = Et . But then by the definition of St, by (s) = c . That is,

the price of forward output is so high that agent 1 finds it profitable

to use at least ¢ wunits of input. This contradiction implies that

Zt(P)s) =0.

_— o~

Suppose that zt(p,s) > 0, Then, pt(s) =P, s SO that dit(s) = 0,

-_—~

for all i. That is, the price is so low that no agent finds it profitable

to produce and none sell forward. Since the allocation ((ai’bi’ci’xi’di))

~ ~ ~ ~ ~

I
is feasible up to time t - 1, it follows that z di t_l(s) = 0, Hence
I ~ i:l ‘= ~
by equation A.2, ) di t(S) = - Ptlzt(p,s) < 0. This econtradiction
~ i=1 7= T =~
implies that zt(p,s) = 0.

This completes the proof that p 1is an equilibrium price vector.
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