
5 FINANCIAL STRUCTURES AS 
COMMUNICATION SYSTEMS 
Robert M. Townsend 

What determines the financial structure of an economy? How is 
financial structure related to economic organization generally? In 
particular, what determines the use or absence of currency? Why are 
certain closed societies moneyless, such as the early medieval manor, 
apparently, in contrast say to contemporary industrial economies? 
And how should we interpret the apparent use of multiple noninter- 
changeable commodity moneys in some of the primitive societies 
studied by anthropologists? That is, why does currency seem to be 
critical to some arrangements but not to others, and what are the 
defining features of currency that allow us to say that it is or is not 
in use? 

Further, what determines the various forms of private debt? In the 
reemergence of trade in the commercial revolution of Europe, for 
example, why does one see, apparently, first simple bilateral debt, 
then quadrilateral debt in the form of bills of exchange among trad¬ 
ing partners, and finally circulating IOUs? What is it that makes these 
forms of debt different from one another? Related is a series of pol¬ 
icy issues. Should high-velocity circulating private debt, such as bank 
notes in the United States, coexist with centrally issued currency? Is 
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there an obvious target for some monetary aggregate? Indeed, what 
rules ought to govern the amount of outside currency and inside debt 
in a given society? 

Finally, what determines the existence or absence of banks or 
intermediaries? That is, under what conditions do banks and inter¬ 
mediaries emerge, as in the commercial revolution in Europe? Why 
does one struggle to see obvious forms of banking in some of the 
primitive societies studied by anthropologists? More basic, how 
would we recognize a bank or intermediary, either in a model or in 
practice? Related again is a series of policy issues. What are optimal 
banking arrangements? Under what circumstances should a bank be 
allowed to fail? Should bank contracts be controlled? How much 
interbank insurance is optimal? Is there a role for a lender of last 
resort? 

Involving observations on social structure and key issues in mone¬ 
tary or regulatory policy, these questions fall naturally and directly 
into the sphere of economic science. Yet, paradoxically, economists 
who theorize with general equilibrium models regard these questions 
as difficult. Simply put, it is hard for a general equilibrium theorist 
to explain objects and institutions such as currency, various forms of 
private debt, and banks as the natural outcome of maximizing, inter¬ 
active agents. The harsh, confining discipline of general equilibrium 
theory makes it difficult to find an underlying rationale for such 
objects and institutions. Indeed, these objects and institutions are 
difficult to define precisely. 

One purpose of this chapter is to elaborate on this difficulty facing 
general equilibrium theorists. That is, one purpose is to describe a 
view of the discipline of economic science and why it is difficult to 
get currency and banks into a general equilibrium model and to dis¬ 
tinguish in a general equilibrium model the various possible forms of 
private debt. But a second purpose of this chapter is to identify a key 
element missing from general equilibrium models, namely, limited 
communication. That is, a variety of objects and institutions can 
emerge in a general equilibrium model if there is imagined to be less- 
than-perfect communication, whereas, otherwise, with full commu¬ 
nication, these objects and institutions have no role. In particular, 
with limited communication, oral assignment systems can emerge, 
and these seem to capture at least one of the roles of banks, of the 
type that emerged apparently in Europe during the commercial revo¬ 
lution, for example; portable concealable object systems can emerge 



FINANCIAL STRUCTURES AS COMMUNICATION SYSTEMS 165 

and these seem to capture one of the roles of currency and help to 
explain (potentially) the noninterchangeable commodity money sys¬ 
tems used in certain primitive societies, for example; and written 
message systems can emerge and these seem to capture one of the 
roles of written financial instruments, of European bills of exchange, 
for example. Further, general equilibrium models with limited com¬ 
munication can be specified in such a way that it is possible to 
deliver qualitative conclusions on optimal monetary and regulatory 
policy. 

THE DISCIPLINE OF GENERAL 
EQUILIBRIUM THEORY 

The view of economic science adopted here is essentially that ex- 
posited by Lucas (1980), that a model is an experimental laboratory. 
We the modelers, or the experimentors, specify the endowments of 
agents, their preferences, the technology of production and commu¬ 
nication available to them, and the information available to them, so 
that the agents of the model are the subjects of the experiment. We 
then attempt to predict how the agents will behave. A fundamental 
tenet for single-agent models is that the single agent will attempt to 
do as well as possible for himself under the specified endowments, 
preferences, technology, and information structure, much like Rob¬ 
inson Crusoe. Multiagent models, as Lucas notes, are more compli¬ 
cated, requiring in addition some specified form of interaction of the 
agents or some premise as to the outcome of that interaction. For 
example, we might suppose with Lucas that the outcome necessarily 
be the one that would be achieved in competitive markets, or alter¬ 
natively that the outcome be in the core, or more weakly that the 
outcome be Pareto optimal. But the point is that any such premise 
delivers in principle a mapping from endowments, preferences, tech¬ 
nology, and information structure into objects and institutions or at 
least into final allocations. It is thus that a theory can have empirical 
content. But this discipline is fairly demanding; it is often difficult to 
find an environment that delivers the desired observations. 

Of course in the end, in any multiagent theoretical model, one 
must take a stand on the supposed outcome of the interactive pro¬ 
cess. Supposing that the theoretical outcome is necessarily in the 
core, it is perhaps the most appealing hypothesis, and of course core 
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outcomes are sometimes coincident with competitive outcomes. Still, 
it is sometimes difficult to deliver core outcomes as solutions to 
maximization problems, and it is sometimes difficult to compute 
competitive equilibrium outcomes directly. Thus this chapter focuses 
primarily, but not exclusively, on Pareto optimal outcomes, as the 
weakest but most tractable alternative. That is, to predict an out¬ 
come for the environment of a given general equilibrium model one 
considers the programming problem of maximizing a weighted aver¬ 
age of the utilities of the economic agents subject to the constraints 
implied by the technology and the information structure; the solu¬ 
tions to such programs generally are the Pareto optimal allocations. 

UNCERTAINTY AND A STANDARD 
GENERAL EQUILIBRUM MODEL 

To illustrate in a specific fashion this discipline of general equilibrium 
theory and the difficulty of explaining financial structure it is useful 
to begin with a stylized pure exchange economy subject to uncer¬ 
tainty. Suppose there are a finite number of households, indexed by 
7, 7=1, 2, n and a finite number of dates, indexed by t, t = 0, 
1, . . . , T. Each household j has a strictly concave date t utility func¬ 
tion U] (cj), over nonnegative units of consumption c{ of the single 
underlying consumption good of the model, and each discounts 
future consumption by (the same) rate (3, 0 < (3 < 1. The endow¬ 
ment e]t(et ) of each household j at date t of the single consumption 
good is a random variable, depending on the realization of some pub¬ 
licly observed shock et at date t. In fact, these shocks are imagined to 
follow a first-order stochastic process, with the probabilities of et 
given et_1, denoted Prob (et : et_1)i as givens. There is presumed to 
be no storage of any kind. 

Following the indexation insight of Arrow (1953) and Debreu 
(1959), the natural commodity space in this model is the space of 
shock-contingent consumptions. That is, let cj (e0, el5 . . . , et) de¬ 
note the proposed consumption of agent j at date t as a function of 
the entire history of shocks, (e0, ex, . . . , et). Then we are led to a 
concave programming problem for the determination of Pareto opti¬ 
mal allocations, 
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Program 1: Maximize by choice of the c7(e0, eu . . . , et) the objec¬ 
tive function 

^1 ^ j^o ft1 [y/(eo, »• • •, ^)] J (5-1) 

subject to the resource constraint 

^ cj.(,¤o* ei> • • • > et) < ^ et^¤t^ � (5-2) 
7=1 ;=1 

Here then we are maximizing a weighted average of the utilities of 
the households where for simplicity the weights satisfy 

0 < A7 < 1, 2 A7 = 1 . (5-3) 
; = 1 

Expectations for all households are taken as of the initial date, t - 0, 
conditioned on the beginning of period shock at t = 0, namely e0. 
Thus t = 0 is denoted a planning period. Note also that these and any 
other expectations are held in common. Finally, (5-2) is the obvious 
resource constraint, bounding the sum of consumptions. 

Supposing interior consumption solutions for all households at all 
dates and histories leads to first-order conditions 

0* A7Prob (el5 e2, . . . , et: e0) [<c{(e0, eu . . . , ef)] 
(5-4) 

= ei» • • • » et) , j ~ 1> 2, . . . , n 

where ju(e0, 6j, . . . , et) is the Lagrange multiplier on the resource 
constraint at date t and history (e0, e1, . . . , et). Thus the aggregate 
endowment is to be distributed so that weighted marginal utilities are 
equated across all households. And thus it becomes apparent, with a 
common discount rate and common expectations, that only the mag¬ 
nitude of the aggregate endowment 

2 e}(et) = e(et) , 
i = 1 

matters in the determination of any household’s consumption, not 
the date nor the history. That is, with some abuse of notation, each 
c* depends only on the aggregate endowment e. Further, the resid- 



168 TECHNOLOGY, MONETARY THEORY, AND POLICY 

ual, “static,” one-period risk-allocation problem has been studied by 
Wilson (1968), yielding in the continuous random variable case 

5 A(e) 
be 

so that 

2 
k 

-ui' [cj(e)] /ui" [ci{e)\ 

|-Uk'[ck(ej\ IUk" [c*(e)]j 

0 < 
bci (e) 

be 
< 1 

(5-5) 

(5-6) 

for every household j. In short, each household’s consumption must 
vary positively (weakly) with the aggregate endowment, both over 
shock realizations at a point in time and over time. 

As I have argued elsewhere, in Townsend (1985), these strong 
implications are robust to the inclusion of storage, leisure, nontrivial 
production, and a variety of consumption goods, at least under cer¬ 
tain specifications of utility functions. And thus we might check to 
see whether these implications hold in an actual economy. But it is 
a striking implication of the theory that nothing resembling cur¬ 
rency, financial instruments, or banks are needed to support an opti¬ 
mal arrangement. Agents need only agree on the optimal resource 
allocation rule, and none of these objects or institutions are critical 
to effecting any such agreement. One must conclude then that some¬ 
thing is missing from the theory. 

THE INTRODUCTION OF IMPEDIMENTS TO 
TRADE-SPATIAL SEPARATION AND 
PRIVATE INFORMATION 

One way to try to remedy these deficiencies is to incorporate into 
the general equilibrium model some impediments to trade. An obvi¬ 
ous possibility that suggests itself from theoretical considerations is 
an absence of double coincidence of wants, that is, when neither of 
two agents has something the other agent wants. As suggested in 
Townsend and Wallace (1984), this absence of double coincidence 
implies some separation of agents in space. Further, observations on 
the use or absence of currency and banks in actual economies also 
suggests explicit treatment of spatial separation. 

Thus consider an economy with two locations, two dates, and four 
agents, as described in Table 5-1. Here agents a and a' reside in loca- 
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Table 5-1. Agent Pairings in a Spatial Economy. 

Location 1 Location 2 

t = 1 (a,b) (a',b') 

t = 2 (a,b') (a',b) 

tions 1 and 2 respectively, for both dates, while agents b and b\ for 
unspecified exogenous reasons, switch locations at the beginning of 
the second date. Agents are imagined to have endowments and pref¬ 
erences over consumption goods in each location where they happen 
to be. 

One could write down a concave programming problem for the 
determination of a Pareto optimum for this spatial economy, much 
like Program 1, except that here there would be a resource constraint 
not only at each date and history but also at each location. Thus one 
would distribute the consumption good at each particular location 
among all participants at each particular location in such a way as to 
equate weighted marginal utilities. In short, individual consumptions 
would vary positively (weakly) with location-specific aggregates at 
a point in time over shock realizations, and to the extent that a pop¬ 
ulation remained unaltered, over subsets of dates at any location, 
individual consumptions would vary positively (weakly) with loca¬ 
tion-specific aggregates over time. But the distribution of the con¬ 
sumption good would be sensitive, generally, to the population mix 
at any given location, making the implications of the theory more 
difficult but not impossible to test. (Of course conclusions like this 
would hold even if entire groups of a given population were to move 
about exogenously.) 

A more elaborate treatment of spatial separation, required in a 
serious application, would recognize that location choices can be 
endogenous and that individuals are capable of consuming leisure and 
supplying labor in any location they might choose. This raises a 
potential nonconvexity problem, but fortunately the problem can be 
solved by going to a space of lotteries. That is, one can still deter¬ 
mine Pareto optimal arrangements by finding solutions to concave 
programming problems, as I have argued elsewhere, in Townsend 
(1985a). And these programs, of Gary Hansen (1985) and Richard 
Rogerson (1984) for example, offer a rich variety of time series 
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dynamics, potentially explaining observed volatilities and persistence. 
Yet, despite the spatial separations and this rich variety of time series 
dynamics, nothing in the theory argues that an optimal arrangement 
has to be decentralized in order to be effected. Thus, there is still 
no essential role in the theory for currency, financial instruments, 
or banks. 

A second way to try to remedy this deficiency is to incorporate 
private information. The idea is that private information somehow 
might provide the decentralization necessary for familiar objects and 
institutions to emerge. 

Thus consider an essentially static, pure exchange economy with 
two agents, a and b, each endowed with an n-dimensional vector of 
consumption goods dependent on some shock e. In fact, suppose 
realizations of the endowment of agent a, ea (e), are seen by agent a 
alone, say taking on at most two values, O' and 0", with generic ele¬ 
ment 0. And suppose for simplicity realizations of the endowment of 
agent b, eb (e), are public, say some constant W. Were we to solve 
programming problem (5-1) for this special case, ignoring the private 
information, we would deduce the fact (with risk aversion) that con¬ 
sumptions of agents a and b should be functions of the aggregate 
endowment, W + 6, or, for simplicity, just 0, and we could write 
ca (6) and cb (6). 

But now a potential problem emerges. For let fa(0) denote the 
effective net transfer that agent a is to receive when his endowment 
is 6, that is,fa (6) = ca (6) - 0. It is possible that 

Ua [O' + fa(0')] < Ua [6f + fa(6")] , (5-7) 

so that if the endowment of agent a were actually O' and he were 
asked to name a value for it, he would choose to name 0", and the 
allocation to him would be 0" + fd (0") rather than O' + fa (O'). 

As is apparent, this problem might be remedied by the imposition 
of (5-7) with the inequality reversed, that is, 

Ua [O' + fa(0')] > Ua [O' + fa(9”)] (5-8) 

Ua [0" + fa(0")] > Ua [6" + fa(6')] . (5-9) 

That is, one might be tempted to impose constraints (5-8) and (5-9) 
directly onto programming problem (5-1) before deriving a solution. 
In fact, it is the implication of the work of Myerson (1979) and of 
Harris and Townsend (1981) that such a procedure can be rigorously 
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justified. In economies with private information there is essentially 
no loss of generality in imposing such incentive compatibility con¬ 
straints; such constraints capture all the additional restrictions associ¬ 
ated with private information. 

One qualification to this discussion should be noted, however: 
When there is private information on quantities, as in the economy 
just described, constraints like (5-8) and (5-9) sometimes can be 
weakened. In effect, agent a could be asked both to name a value for 
his endowment and to display the endowment if necessary, as evi¬ 
dence of his claim. Formally, this can be captured by allowing agent 
a to transfer some amount of his consumption good to some center, 
as a “tax,” before receiving any compensation, as a “subsidy.” 

More formally, then, let T(6) denote the set of all feasible displays 
or “taxes” r = (ra, rb) on agents a and b, respectively, satisfying 
constraints 0 < Ta <6 and 0 < Tb < W. Similarly, let S(t) denote 
the set of all second-round, conditional “subsidies” s = (sa, sb) on 
agents a and b, respectively, satisfying the constraints sa > 0, sb > 0 
and sa + sb < Ta + Tb , so that the sum of subsidies is bounded by 
the sum of the taxes or “displays.” Next, let it7 (6) be a lottery on 
the space T(6), and let tts (6, r) be a conditional lottery on the space 
S(t). Agent a is then imagined to choose lotteries ttt (6) and its (r, 0) 
conditioned on his announcement of 6. The programming problem 
(5-1) is thus reduced to 

Program 2: Maximize by choice of the ttt (0), ns (0, t) the objective 
function 

Aa {EeffUa [9 -ra+ sa]7TT(dT, 6)ns(ds, 9, r)} 

+ Xb {Eq f f Ub [W-rb + sb]nT(dT, 9)7Ts(ds, 0,r)} 

and given endowment 6 = 6' subject to either 

(5-10) 

ttt (6") is not a lottery on the space T(O') , (5-11) 

so that some realization of the tax lottery or display is not feasible 
given 6 = 6', or 

ffua [d' - ra + sa] ttt (dr, 6')tts (ds, r, 9') 

5 > ffUa [9'-Ta + sa}-nT(dT,e")-ns(ds,T,d")] 
(5-12) 
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so that agent a has no incentive to lie, announcing 6" given the 
endowment is 6 = O', and subject to 

similar constraints when the endowment is 6 = 9" . (5-13) 
% 

Techniques like this turn out to be surprisingly robust, that is, able 
to handle a wide range of private information problems. First, of 
course, one can handle situations with private information on actions, 
as in the standard principal-agent problem (see Myerson 1982). Sec¬ 
ond, one can also handle situations in which private information can 
be made public at some cost, as with (potentially random) audits or 
monitoring technologies, triggered by announcements of agents with 
private information (see Townsend 1979 and Baiman and Demski 
1980). Third, one can handle multiperiod problems, even with 
period-by-period private information, as in Townsend (1982). And 
finally, one can handle multilateral private information even in multi¬ 
period contexts. 

The imposition of incentive compatibility constraints onto other¬ 
wise standard programming problems can make considerable differ¬ 
ence in solutions. That is, private information Pareto optima often 
differ radically from full information Pareto optima. One can deliver 
with private information share-cropping arrangements, quid pro quo 
labor inducements, and intertemporal tie-ins of the type observed at 
least qualitatively in actual communities. Further, it seems from the 
work of Prescott and Townsend (1984) and Ito (1984) that one can 
deliver volatility and also persistence, as I have argued elsewhere, in 
Townsend (1985a). But the attempt at decentralization has been less 
successful. The theories as they stand have no essential role for mar¬ 
kets and do not seem to deliver currency, various forms of private 
debt, or a necessary role for intermediaries. 

ONE WAY OUT OF THE DILEMMA- 
LIMITED COMMITMENT 

What the theory is missing, apparently, is some lack of commitment. 
That is, in the programming problems described above it is as if 
agents agree at some initial date to allocation rules for future dates, 
contingencies, and locations—rules that are costlessly enforced and 
maintained despite possible time inconsistencies and incentives to 
renege. In fact, it may be difficult to enforce such rules and pre- 
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vent reneging, and this can be an important determinant of actual 
arrangements. 

A natural way to modify the theory is to suppose that planning 
problems must be solved successively, period-by-period, perhaps for 
particular and potentially variable weights \] across agent types j. 
Thus there would be no precommitment to a social rule, and agents 
would do what is best for themselves at the moment, looking for¬ 
ward to the future. Indeed, this leads logically to the notion of a 
“sequential core.” In some last period, if there is one, the allocation 
of consumption goods must be in the core, not blocked by a coali¬ 
tion of agents. With the prespecified direct utility functions for con¬ 
sumption, this core outcome then induces indirect utility functions 
or value functions for all agents, perhaps up to the obvious state vari¬ 
ables such as beginning-of-period capital holdings (or currency). 
Then, in the next-to-last period, the allocation of consumption 
goods and capital (currency) must be in the core, given the current 
state and given the contemporaneous direct utility functions and the 
above-derived next period value functions. Continuing in this way, 
perhaps indefinitely so as to be rid of sensitivity to initial conditions, 
one can generate stationary sequential core outcomes. 

An equivalence between core allocations and competitive equilib¬ 
rium allocations helps to make the connection to models with valued 
currency and sequential competitive markets. In the models of cur¬ 
rency with spatially separated agents described in Townsend (1980), 
for example, agents move about exogenously from location to loca¬ 
tion, trade commodities against paper currency in competitive mar¬ 
kets when they meet, and then continue on, perhaps never to meet 
again. Thus what is termed a noninterventionist, monetary equilib¬ 
rium in Townsend (1980), one with valued currency, turns out to 
be essentially equivalent with a sequential core outcome described 
above, and the role played by currency when commitment is limited 
is thereby explained. 

The spatial models of currency of Townsend (1980) are also con¬ 
sistent in some gross sense with observations on the emergence of 
circulating currency in the commercial revolution of Europe and 
the coincidence of that emergence with market exchange. But these 
models have a start-up problem: They fail to explain how currency 
gets into the system in the first place. That is, the coordination and 
commitment among agents needed to solve this start-up problem 
seem to wipe out currency altogether. Related, these spatial models 
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are not well suited for normative or policy analysis; only the laissez 
faire equilibria are appropriate to examine. And finally, we are left 
wondering if there might yet be some role for currency in close-knit 
groups or communities where the absence of precommitment is not 
a problem. 

A SECOND WAY OUT OF THE DILEMMA- 
LIMITED COMMUNICATION 

We now note the fact that despite the incorporation of spatial separa¬ 
tion and private information, all the economies considered, with the 
exception of those of the last section, have centralized costless 
record-keeping devices. At each transaction or meeting agents report 
on privately observed shocks and receive transfers contingent on the 
contemporary reports in all locations and contingent on the entire 
history of past reports in all locations. Thus it is as if there were a 
perfect costless electronic economywide accounting system. This sug¬ 
gests a consideration of more limited communication-accounting sys¬ 
tems in an effort to explain observed forms of economic organization. 

To begin the discussion, then, it is useful to merge the private 
information economy generating Program 2 with the spatial model 
depicted in Table 5-1. In particular, agents a and a' have the location 
patterns displayed in Table 5-1 and have random, privately observed 
endowments 6“ and , observed at the beginning of date f, t = 1, 2, 
at locations 1 and 2, respectively. Agents b and b’ move according to 
the specified pattern of Table 5-1 and have public endowments Wb 
and W? at location i and date t. Each agent j has preferences over 
consumption bundles c at each date t at his assigned location i as rep¬ 
resented by the utility function U] (cJ ). Also, for simplicity, suppose 
there is only one underlying consumption good, that agents a and a' 
are identical in preferences and in the distribution of endowments, 
that agents b and b' are identical as well, and that agents b and b' are 
risk neutral. 

Now suppose that the most primitive of communication technolo¬ 
gies is in effect, that is, that there are no electronic telecommunica¬ 
tions, no recording devices, no portable but otherwise worthless 
tokens, and no storage possibilities for bona fide commodities. At 
each location and date agents can make announcements of their con¬ 
temporaneous but privately observed endowments and can make 
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Table 5-2. Intertemporal Itineries with Three Agents. 

Location 7 2 

Date 1 (a,b) (c) 
2 (a, c) C) 
3 (a,b,c) <t> 

announcements as well of their histories of privately observed endow¬ 
ments, trades, and announcements. Thus one can consider allocation 
rules 'njt (•) and 7rs (•) at location i and date t which have as argu¬ 
ments these announcements, and it is possible to write down a pro¬ 
gramming problem for the determination of Pareto optimal out¬ 
comes, much like Program 2, keeping track of the four agents and 
two locations. However, in any incentive compatible arrangement, 
announcements of past histories have no force. That is, given the im¬ 
posed communication technology, there is no way to achieve bona 
fide intertemporal tie-ins, as agents will always make the best possible 
announcements given the contemporaneous state. Thus the program¬ 
ming problem would reduce to four separate versions of programming 
problem (5-7). With only one commodity, then, the solution is 
necessarily autarkic, at least if utility functions of agents a and a' dis¬ 
play decreasing absolute risk aversion (see Townsend 1985a). 

This dismal outcome can be avoided if the spatial itinerary of 
agents is altered or if the communication technology is slightly im¬ 
proved. Taking the first suggestion, suppose agents b and b' do not 
move in the above model. Then, as in Townsend (1982), intertem¬ 
poral links and beneficial trade are possible. Indeed, more elaborate 
setups in which agents return periodically to some go-between allow 
beneficial trade and suggest a model of an intermediary. Imagine, for 
example, the pattern of pairings displayed in Table 5-2. Here agent a 
can report to agent b, on shocks 0J at the first date, and agent b can 
report on the announcements to agent c at the second date. The 
third date provides intertemporal tie-ins which give these reports 
some force. Here then, agent b serves as an intermediary. 

Taking the second suggestion above, while still precluding elec¬ 
tronic telecommunications and commodity storage, suppose the exis¬ 
tence of portable concealable artificial tokens, objects that do not 
enter into anyone’s utility function or into any production technol- 
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ogy but which can be carried by the agents and redistributed from 
one to another at any location where they meet, say under the pre¬ 
specified rules of a resource allocation process. Then in the model 
considered above beginning of second-period token holdings become 
in effect an endogenously determined, privately observed endow¬ 
ment, an extra state variable which can be announced by the agents, 
triggering taxes (displays) and subsidies of both tokens and actual 
commodities. Indeed, with the symmetry and neutrality assumptions, 
one can then write down as (apparent) two-agent, two-period pro¬ 
gramming problem, much like programming problem (5-7) essen¬ 
tially, except that there are token as well as commodity taxes and 
subsidies at the first date, contingent on a (or a"s) endowment at the 
first date, say 6X ; that there are token as well as commodity taxes 
and subsidies at the second date, contingent on a (or a"s) endow¬ 
ment at the second date, say 02, and on ads beginning of second- 
period token holdings, say m2 ; and that there are incentive con¬ 
straints in both the first and second periods, to ensure truthful 
revelations. As promised, it can be shown that these portable conceal- 
able tokens allow beneficial multilateral trade, rather than autarky 
as above. 

In Townsend (1985b) these results are extended in several direc¬ 
tions. The first is to consider alternative communication technolo¬ 
gies. For example, if one considers storage and bona fide commodity 
tokens, intertemporal incentive constraints generally are more bind¬ 
ing and the solutions to programming problems generally are Pareto 
inferior; essentially, commodity storage confounds the use of objects 
as signals of past events. Alternatively, systems with multiple tokens 
can be shown to dominate single-token systems; that is, multiple 
tokens allow more intertemporal tie-ins and hence weakened or less 
binding incentive constraints. Written message systems do even bet¬ 
ter, generally, in the sense that more history becomes a matter of 
reliable record and not subject to the requirements of incentive com¬ 
patible reporting. And centralized electronic interspatial telecom¬ 
munication systems represent an endpoint in the spectrum of com¬ 
munication technologies, essentially removing limited communication 
as a constraint on the outcomes of programming problems. 

These private information, spatial separation, limited communica¬ 
tion setups can be taken to observations from actual economies. For 
example, the role for intermediaries described above may help us to 
understand the role played by medieval bankers, in the twelfth cen- 
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tury in Italy, for example, as described in Townsend (1984). There, 
bankers were part of person-specific oral assignment systems. Simi¬ 
larly, as is argued in Townsend (1985b), observations by anthropolo¬ 
gists on the apparent use of noninterchangeable commodity curren¬ 
cies and ceremonial objects in various close-knit primitive societies 
are not wildly inconsistent with the use made in the theory of mul¬ 
tiple portable tokens. There is also some evidence that written finan¬ 
cial instruments emerged in Europe in the fifteenth century as written 
messages sent among partners in long-term trading relationships, 
somewhat like the written messages of the theory. 

Another direction for this work is the study of optimal monetary 
policy, as in Townsend (1985c). For example, in writing down a pro¬ 
gramming problem for the determination of optimal arrangements in 
the setup described above, one is naturally poised to ask questions 
concerning the optimal social use of tokens in the face of various pri¬ 
vate and economywide shocks. One can use as a base the model of 
Diamond and Dybvig (1983), in which groups of agents suffer from 
privately observed shocks determining their urgency to consume: 
The more urgent is consumption the more goods an agent withdraws 
from an otherwise productive investment project. On this base, then, 
one can impose some spatial separation, say two spatially separated 
investment projects, and suppose that groups of agents are exoge¬ 
nously shifted over time, much like single agents b and b' above. In 
this context, tokens can serve as concealable records of deferred con¬ 
sumption for patient movers, and it can be shown that both the level 
of tokens and the mix of tokens to location-specific “bank credits” 
should be responsive to the economywide shocks determining the 
relative number of lenders and relative number of movers. Thus the 
limited communication rationale for currency delivers an optimal 
activist currency rule. 
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COMMENTARY ON 
CHAPTER 5 
Edward C. Prescott 

These are interesting times in monetary economy. There is general 
agreement that the old approach as reflected in asset demand systems 
is inadequate and if we are to make progress a new approach is 
needed. The two prominent alternatives are Wallace’s overlapping 
generations model with legal constraints and Lucas’s and Stokey’s 
cash-credit good dichotomy. Neither of these approaches nor the 
asset demand system, which preceded them, seems adequate for eval¬ 
uating alternative credit and payment systems. 

With Townsend’s mechanism approach to monetary economics, 
however, the fundamental issue of what arrangement should be 
adopted, given the communication technology, can be addressed. 
Moreover, there is some hope of determining the potential gains, if 
any, that can be realized by adopting a suitable collective arrange¬ 
ment. Given the importance of the question of whether collective 
monetary and credit arrangements are needed for efficient outcomes, 
the Townsend line of inquiry warrants serious consideration. 

Before proceeding with these comments on the mechanism ap¬ 
proach to monetary theory, I shall briefly review why the asset de¬ 
mand approach has largely been abandoned. It can and has been criti¬ 
cized because assets have been introduced as arguments of the util¬ 
ity function. This is a legitimate criticism of attempts to implement 
the approach, but is it a fair criticism of the approach itself? Assets 
are a durable good that do not depreciate. The differences between 
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the value of the distribution of the return to holding an asset over a 
given period and the value implied by the Arrow-Debreu theory is 
the measure of transaction services that security provides. If a secu¬ 
rity such as a General Motors stock yields the market return, then 
the transaction services it provides are zero. If the set of securities is 
relatively stable and unchanging, or if securities can be defined in 
terms of their hedonic characteristics, this approach has the virtue 
that it admits to measurement of quantities and prices of transaction 
services. 

One could then augment the stochastic growth model—a model 
that accounts so well for the fluctuations in aggregate employment 
and output that characterize industrial market economies, by intro¬ 
ducing transaction services. By extending the growth model in this 
direction one might then be able to account for cyclical movements 
in the velocities of monetary aggregates, nominal interest rates, and 
the like.1 

Why not follow this approach? Why dig deeper? One problem is 
with welfare analysis. Whether transaction services are an intermedi¬ 
ate or final good matters and matters a lot for measuring the dead 
weight loss associated with inflation tax. Ramsey’s taxation results 
were developed for taxation of final goods and services, not for inter¬ 
mediate goods. One cannot simply use the empirical elasticity of 
demand for transactions services to compute the dead weight loss of 
an inflation tax. Of course, if you tax a product, with a given name, 
you must preclude someone from giving that product another name 
and thereby avoiding the tax. That is, legal constraints are needed 
whenever there is taxation, and the inflation tax is no exception. The 
efficacy of the inflation tax is an interesting question, but it can 
hardly justify the attention devoted to monetary issues. 

The reason why the asset demand approach is largely ignored is 
that an implication of that theory is that monetary policy has very 
little influence upon real economic activity. Within that framework, 
open market operations like a change in the price of stamps have a 
minimal effect upon aggregate real output and employment, because 
transaction services are small relative to GNP. But most economists, 
including myself, think that monetary policy is potentially potent. 
Therefore, we look for another theoretical framework, and Town¬ 
send’s mechanism approach appears to be the only alternative. 

The observations that led me to view that monetary policy can 
have large effects are the V-shaped recessions, at which times output 
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declined rapidly and recovered rapidly. Examples are the recessions 
of 1980, 1937, and 1907. The pattern of these recessions are very 
different from other recessions, those of 1937 and 1970 being asso¬ 
ciated with changes in reserve requirements that were subsequently 
rescinded. These are the only such recessions subsequent to 1929, 
the year in which current methods for measuring GNP were first 
used in the United States. I do not think that the asset demand 
approach done right in light of development in aggregation and 
dynamic-stochastic-competitive theory can produce V-shaped reces¬ 
sions. Neither can it produce crises of the 1907 panic variety. 

What is special about credit? The Wallace (1981) Equivalence 
Theorem gives conditions under which open market operations have 
effects neither upon the price level nor real output. The theorem re¬ 
quires that assets be valued only in terms of the payoff distribution 
and that the law of one price holds. Given these assumptions, absent 
redistributional effects, open market operations have no effect. The 
theorem applies the same logic underlying the Ricardian equivalence 
theorem in public finance and the Modigliani-Miller theorem of cor¬ 
porate finance. As Bryant and Wallace (1984) point out, within the 
framework there cannot be rate of return dominance and modeling 
features that produce rate of return dominance; that is, legal con¬ 
straints are needed to invalidate the theorem. 

With Townsend’s mechanism approach there are private informa¬ 
tion and costly state verification. These factors can produce rate 
of return dominance and make the finance decision relevant and 
interesting. Arrangements that arise in such environments, absent 
collectively imposed constraints, might be subject to financial crises 
that are both undesirable and avoidable. I am not claiming that this 
is or is not the case, just that a better theory of credit arrangements 
is needed to determine whether or not it is true. 

A special feature of private information is that ex ante efficient 
arrangements for financing projects are, with positive probability, 
ex post inefficient. Only if penalties, such as costly bankruptcy, are 
imposed with positive proabability can the entrepreneurs be induced 
to take the optimal level of risk given incentive and resource con¬ 
straints. If, in addition, some of the bankruptcy costs are external to 
the entrepreneur, a rationale for social constraints on arrangement 
might follow. The Townsend approach of a careful specification of 
the environment and the characterization of efficient arrangements is 
necessary to provide answers to such questions. 
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It is clear that separation in space and time necessitates the devel¬ 
opment of mechanisms to realize gains from trade. Further, these 
needed mechanisms can be interpreted as monetary-credit arrange¬ 
ments. In designing mechanisms, unless one mechanism dominates 
independent of the environment, the problem of ordering mecha¬ 
nisms arises. Data that restrict the set of environments considered are 
needed. With Townsend’s structure it is not transparent how to use 
observations to restrict theory. This issue warrants more attention 
in constructing theoretical structures to study issues in the regulation 
of credit markets. 

More specifically, Townsend suggests a multicolored token system, 
which expands the set of attainable allocation. A problem with this 
mechanism is that agents are likely to trade tokens privately—and 
one is then back to a single token or currency. Increasingly, credit is 
intermediated, that is, there is less trade credit and more credit pro¬ 
vided by financial intermediaries. Agents trading with many other 
agents need know nothing about the credit worthiness of these other 
people. Only the intermediary that provides an agent with credit 
need be knowledgeable of the agent’s history and need monitor that 
agent’s actions. This economizes on information costs. In complex 
environments where people trade with many other agents, this can 
be a considerable resource savings. 

As record-keeping costs decline, I doubt Townsend’s forecast 
that we will move in the direction of an Arrow-Debreu state contin¬ 
gent allocation. It is more likely that a debit-credit system would 
develop. That system would handle payments with financial inter¬ 
mediaries (coalitions) providing funding for investment projects 
after evaluating credit worthiness of the entrepreneur. 

In summary, I find Townsend’s effort to interpret credit and 
monetary arrangements as response to changes in communication 
technology that alter the efficient arrangement promising. One open 
question is how the arrangement is selected if collective action is re¬ 
quired to achieve efficiency. My hope and expectation is that work 
within Townsend’s mechanism tradition will resolve the important 
issue of whether collective arrangements are needed to obtain effi¬ 
ciency. And, if such arrangements are needed, research in this tra¬ 
dition will provide guidance in the design of better monetary and 
credit systems. 
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NOTE 

1. King and Plosser (1983) have proposed such an exploration. Kydland 

(1983) has made some progress in quantitatively implementing such an 

effort. 
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COMMENTARY ON 
CHAPTER 5 
Thomas J. Sargent 

Robert Townsend refuses to take for granted many of the institu¬ 
tions that economists make assumptions about, including “firms,” 
“governments,” “central banks,” “treasuries,” and maybe even 
“markets” and “contracts.” Townsend starts at a deeper level and 
specifies an economy by describing the preferences of a collection of 
agents, the technology for transforming goods across time and space, 
the structure of information that is public and private, and the loca¬ 
tional and intertemporal itineraries of agents. Townsend’s approach 
is then to derive (from within a prespecified class) an optimal mecha¬ 
nism for allocating goods —a mechanism that respects informational 
and locational constraints in force. The idea is to study how the opti¬ 
mal mechanism depends on variations in the informational and loca¬ 
tional specifications and to use these findings to interpret observed 
financial arrangements and institutions. In this chapter Townsend 
accepts the locational, informational, and enforcement structure as 
among the primitive aspects of the model. However, it is in the spirit 
of Townsend’s method to derive these as well from theories of the 
optimal search, locational, and relationship choices of the agents. 
Townsend has treated important aspects of these choices in others 
of his works. 

In Townsend’s models some agents have private information about 
their endowments. Agents exogenously move about across locations 
and over time. Communication and physical exchange of goods is 

184 



COMMENTARY ON CHAPTER 5 185 

feasible only between agents who are at the same location at the 
same time. A mechanism is a scheme for effecting feasible exchanges, 
the exchanges being triggered by the announcements or messages 
communicated by the agents who possess private information. Town¬ 
send studies a class of mechanisms consisting of a two-part transfer 
system: a tax on each agent (at each date-location) indexed on mes¬ 
sages about endowments and possibly about some asset like token 
currency or accumulated stocks of commodities, then a subsidy in¬ 
dexed both by the message and the preceding tax. The taxes and sub¬ 
sidies are described by functions (probability distributions) which 
are taken as fixed by the agents at each date-location. The agents in 
the model maximize their expected utility subject to the tax and sub¬ 
sidy functions that they face. 

The optimal mechanism is determined as follows: Prior to the 
realization of randomness at the first date of the economy, a deus ex 
machina (“society”) uses a weighted sum of expected utilities to 
order alternative mechanisms. The optimal mechanism is found by 
choosing possibly random tax-subsidy schemes that maximize this 
social criterion. This is a programming problem the solution of which 
is a collection of time-place specific tax-subsidy rules. The idea is to 
interpret these tax-subsidy rules as possibly describing a variety of 
arrangements for effecting exchange, including private contracts for 
borrowing, lending, and risk-sharing; social arrangements such as 
fiat or token currencies; and (private or social) arrangements like 
commodity currencies. The tax-subsidy schemes are not necessarily 
intended to be interpreted as being administered by a government or 
even as reflecting collective decisions. It seems that their most use¬ 
ful interpretation varies across examples, sometimes representing the 
form of a bilateral contract and other times, as in the case of the 
token currency examples, actually being a government-administered 
tax-subsidy scheme. 

Townsend studies how the optimal tax-subsidy schemes would 
vary as he varies the specification of the economy. By altering the 
itineraries of the agents through time and space, the technologies for 
storing and traveling, and the “strategy space” in the form of an 
assumed availability of one or more fiat currencies, Townsend pro¬ 
duces environments in which a variety of mechanisms emerge. These 
mechanisms differ in the volumes of risk sharing and borrowing and 
lending that is occurring and in the arrangements that are used to 
effect exchange. 
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I would like to raise several interrelated questions about Town¬ 
send’s particular results and the research strategy. First, how is the 
class of admissible mechanisms to be specified? Second, is it possible 
for either the design or the operation of his allocation mechanisms 
to be decentralized? Third, is it required that one have a decentral¬ 
ized scheme that supports an optimal mechanism in order to be able 
to match the theory to observations? 

First, Townsend considers a class of mechanisms that are assumed 
to be costlessly and exogenously enforced. As time unfolds, agents 
have an incentive to renege in the mechanisms considered in Town¬ 
send’s chapter. One might have proceeded differently, say by restrict¬ 
ing the class of mechanisms to those that are self-enforcing. Restric¬ 
tion to such a class of mechanisms would be costly in terms of util¬ 
ity relative to Townsend’s mechanisms (maybe this is partially an 
answer to why the class of mechanisms was not so restricted). How¬ 
ever, there would be analytical benefits in restricting the class of 
mechanisms because it is easier to decentralize the implementation of 
self-enforcing schemes. In terms of interpreting observed institutions, 
one might want to explain some phenomena as reflecting the work¬ 
ings of enforcement mechanisms. By taking enforcement as exoge¬ 
nous, one forgoes the ability to understand the existence of some 
social arrangements as having endogenously developed in order to 
facilitate enforcement. 

In other contexts, Townsend and others have shown how enforce¬ 
ment and moral hazard problems can be diminished by having re¬ 
current meetings between pairs of agents over time. One might imag¬ 
ine altering Townsend’s present models to permit such effects to 
operate. In the present context, the way in which such recurrent en¬ 
counters were to be modeled might influence the dimensionality of 
the messages that would have to be carried over time. It might occur 
that one would have to increase the number of kinds of token cur¬ 
rencies (or “words” in the language or message system) as the time 
horizon was increased. 

Turning now to issues of decentralization, Townsend’s chapter 
contains several examples of mechanisms facilitating risk sharing and 
lending. Two of these examples involve the use of one or more fiat 
currencies or a stored commodity that functions partly as a commod¬ 
ity money. Following recent work on intertemporal asset pricing 
models, one is tempted to compute equilibrium asset prices and 
interest rates by evaluating various marginal rates of substitution at 
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the equilibrium consumption allocations. Are there natural decen¬ 
tralization schemes that support this procedure? What problems does 
the presence of the incentive compatibility constraints create for 
arriving at such pricing implications? Since there is a role for fiat 
currency is some of Townsend’s model economies, one is tempted to 
ask whether there are any implications of these models for the price 
level. In order to support and extend the interpretations of the mod¬ 
els with fiat currencies, I would like a decentralized interpretation of 
the aspects of the tax-subsidy schemes that are indexed on announce¬ 
ments of currency holdings. Is it possible or required to interpret 
these tax subsidies as being administered by a government? Is such an 
interpretation linked to the finite ending time problem that often 
prevents fiat currency from being valued in finite horizon models? 
Would the decentralization scheme have anything to say about co¬ 
ordinating “monetary” and “fiscal” policies and about decentraliz¬ 
ing those branches of government policy. 

As an example of a result that invites “pricing” and a decentral¬ 
ized interpretation, Townsend has created an example in which there 
is a role for multiple fiat currencies. More token currencies make it 
possible to make exchanges contingent on more information about 
the past. It is interesting to compare this result with the exchange 
rate indeterminacy result of Kareken and Wallace (1981), which 
emerges from a wide class of environments in which there is room for 
at most one fiat currency. Is there a decentralization scheme associ¬ 
ated with Townsend’s model that permits one to price multiple fiat 
currencies? Is it possible to interpret the multiple currencies in 
Townsend’s setups in terms of “optimal currency areas” or national 
currencies? Or rather, is it misleading to interpret Townsend’s un¬ 
backed tokens as currencies? Is it more appropriate to regard them as 
“words” in a language. 

My own suspicion is that the present version of Townsend’s mod¬ 
els are difficult to decentralize because such a broad class of mecha¬ 
nisms has been optimized over. Some of the biggest promises of the 
deep approach taken by Townsend seem to require a method for 
comparing alternative decentralization schemes —for example, a sys¬ 
tem with an independent central bank versus one with a consolidated 
treasury and central bank. 

My final question is about matching the theories to data. Can such 
matching be undertaken before one has described a decentralizable 
mechanism? My own view is that some interesting interpretations of 
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some classes of observations can be made even in the absence of such 
a decentralization scheme. Townsend himself has shown this by ex¬ 
ample in his recent paper using theories like the one presented in 
his chapter in this volume to supply interesting interpretations for a 
variety of evolving institutions observed from the fall of Rome to 
modern times. Armed from his theorizing with a sense of what are 
optimal arrangements and how these respond to alterations in the 
technologies for relocating and communicating, Townsend has con¬ 
structed rich interpretations of a host of institutions for effecting 
production and exchange. However, it does seem that a greater range 
of phenomena awaits to be explained once decentralized interpreta¬ 
tions of these models are achieved. 
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