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Abstract  

This paper explores the effects of incomplete markets and positive spillovers on aggregate and industry output 
behavior. We consider an economy composed of a fixed set of infinitely-lived industries. When industries coor- 
dinate production decisions they jointly improve their productivity. Markets are missing, however, in the sense 
that industries cannot automatically form the most productive coalitions due to the presence of communication 
frictions. The degree of coordination between industries is determined by a random matching process from which 
complex coalitions of industries emerge through bilateral industry interactions. High production by an industry 
improves the probability with which it communicates with other industries, creating a positive spillover effect on 
the productivity of the rest of the economy. Aggregate output behavior exhibits both persistent fluctuations as well 
as procyclical productivity. 
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I. Introduction 

Recent research in macroeconomic theory has studied the effects of market  incomplete- 
ness on aggregate output behavior. This literature has generally attempted to identify the 
consequences of  missing markets for the level of aggregate activity. One robust result of 
this literature has been the demonstration that when the production decisions of  individual 
agents are sufficiently interdependent, incomplete markets can lead to multiple equilibria 
in aggregate output. The basic intuition behind this finding is straightforward. When the 
desirabili ty of high production on the part of one agent depends upon the willingness of 
other agents to simultaneously produce at a high level, high and low levels of production 
can represent multiple Nash equilibria for the same economy. Incomplete markets models 
thus represent a way of  understanding the emergence of long run productivity differences 
between economies with similar preferences and production structures as well as the ability 
of  a given economy to exhibit periods of boom and depression.1 

Despite the utility of  the incomplete markets approach in explaining steady state output 
behavior, relatively little attention has been given to the question of how market incomplete- 
ness can affect business cycle dynamics.  This failure is true both with respect to intertem- 
poral as well  as cross-sectional output volatility. The absence of any stochastic structure to 
most coordination models has meant that these models generally cannot address questions 
of  aggregate fluctuations. Further, coordination failure models usually assume that the in- 
terdependence between agents is symmetric.  This means that all agents will simultaneously 
exhibit high or low levels of activity. Consequently, coordination models have difficulty in 
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explaining results such as Blanchard and Diamond (1990) or Davis and Haltiwanger (1992) 
which illustrate how recessions are periods when a subset of firms experience very large re- 
ductions in employment, rather than periods when all firms uniformly reduce employment. 2 

The purpose of this paper is to illustrate the role of market incompleteness in determin- 
ing business cycles. We do this through the study of a multiple industry growth model. 
Each industry produces a common consumption good through a unique technology. By 
forming coalitions and coordinating production, industries can jointly increase productiv- 
ity. However, the ability of industries to coordinate production is inhibited by the pres- 
ence of imperfect communication between agents. The presence of these imperfections - 
which we refer to as communication frictions - in the model introduces both a form of 
market incompleteness as well as a form of positive spillovers. Markets are incomplete in 
the sense that some forms of transactions are ruled out in the model, namely those in which 
no communication structure is present to permit industries to coordinate. Industry produc- 
tion decisions exhibit positive spillover effects as an increase in the ability of one industry to 
communicate and coordinate activity with others will enhance the productivity of all other 
industries in the economy since the industry can act as an intermediary in coordinating pro- 
duction decisions between industries which do not communicate directly. This feature al- 
lows complex market configurations and rich forms of cooperation to emerge from bilateral 
interactions. 

By focusing on the formation of coalitions and communication frictions in the determina- 
tion of industry-specific and aggregate output, we replicate an important and often-studied 
feature of modern industrial economies--the role of specialization of labor in determin- 
ing both the level and volatility of production. It has been known since Adam Smith that 
specialization of industries permits high production, which represents one interpretation of 
the technology in our model. Similarly, it has been known since Keynes that the efficiency 
gains from this interdependence can break down if individual industries experience peri- 
ods of low production and thereby cause other industries to reduce output in response. As 
shown by Diamond (1982) and Cooper and John (1988) in a static framework and Durlauf 
(1993, 1994) in a dynamic context, when firms or industries are linked through decentral- 
ized exchanges in which agents do not jointly coordinate decisions, the consequences of 
these spillover effects for aggregate behavior are very different from those predicted by a 
corresponding complete markets framework. Unlike previous work, however, we focus on 
changes in the degree of coordination as a source of aggregate volatility. 

The economy we study attempts to capture the role of decentralization and incomplete 
markets in business cycles through its emphasis on the evolution of communication frictions 
and industry coalitions. Our model has a very Keynesian flavor as fluctuations in individual 
industry production levels can have large consequences for the production decisions of 
others; in fact, the model can produce both intertemporal and cross-sectional output fluctu- 
ations. These fluctuations are caused by changes in the extent to which the bilateral interac- 
tion structure can replicate the behavior of a complete markets economy. While the specific 
model is obviously metaphorical, its qualitative features do capture the idea that decentral- 
ized trading among many agents can lead to persistent aggregate fluctuations. 3 In addition, 
the model can produce sample paths for industry output behavior such that while most in- 
dustries are part of large coalitions, some percentage of the economy is organized into small, 
relatively inefficient production configurations. This cross-section feature is roughly con- 
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sistent with the Blanchard and Diamond (1990) and Davis and Haltiwanger (1992) 
findings. 

Our specific model of communication links is closely related to Diamond's (1982) search 
model. In Diamond's framework, agents who choose to produce search for a single trad- 
ing partner each period. Positive spillovers occur because the probability of executing suc- 
cessful transactions depends upon the number of agents searching. In our model, positive 
spillovers occur between industries because the establishment of a communication link be- 
tween two industries not only helps those industries but also benefits all other industries to 
which the two are linked, as individual industry links make possible the formation of large 
coalitions. In addition, by modelling the communication probabilities to be dependent on 
industry size, we add another positive spillover to the model which in equilibrium makes 
the production opportunities of each industry at t + 1 a function of the level of production 
of all industries at t. The cycles produced in our model are due to these spillover effects and 
contrast with the cycles studied by Diamond and Fudenberg (1989) which are generated by 
self-fulfilling expectations. 

An additional contribution of this paper lies in its underlying mathematics. Most of the 
features of the current model are analyzed through the use of methods from random graph 
theory. Random graph theory studies the sorts of patterns which emerge between a collection 
of elements, called vertices, when the existence of a direct link between any two vertices is 
random. Kirman (1983) and Kirman, Oddou and Weber (1986) were the first to recognize 
that random graph methods represent a powerful mechanism for modelling the bilateral 
transmission of information in a decentralized economy. Our analysis is most closely related 
to the work of Ioannides (1990) on the emergence of market structure in the presence of 
communication costs. Unlike previous work, this paper employs graph-theoretic methods 
to study intertemporal behavior. 

Section 2 of this paper describes our basic model in which a set of industries maximizes 
profits through capital accumulation and coalition formation decisions. Section 3 describes 
the long run dynamics of the model. Section 4 generalizes the model to allow for industries 
to strategically choose the communication probabilities. Section 5 contains summary and 
conclusions. A Technical Appendix follows which presents some basic results from graph 
theory as well as proofs of all theorems. 

2. A Model of Coalition Formation and Aggregate Activity 

We consider the evolution of a set of N infinitely-lived industries indexed by i. Time is 
discrete. We regard each industry as a configuration of many small firms which possess 
identical production functions and experience identical productivity shocks. In addition, we 
assume that finns within an industry can communicate with each other without cost. These 
assumptions allow us, without loss of generality, to model the behavior of each industry as 
proportional to that of a representative firm. 

All industries produce an identical final good which is completely perishable after one 
period. The good may be used as capital or paid out as dividends. Industries engage in 
distinct production activities, which means that the capital stock for each industry is well 
defined. Each industry is assumed to provide a fixed managerial input Li,t = L to production 
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each period; the uniqueness of the industries stems from uniqueness of these inputs. Each 
industry chooses a capital stock sequence Ki,t to maximize expected discounted profits l-Ii,t, 

oo 

IIi, t = E ( ~ "  a t + j t v  t ° t - i , t+j  - Ki, t+j) ] F t ) .  4 

j=0 
(1) 

Here, Yi,t equals industry i's output at t and F t denotes all information available to the 
economy at t. K t and Y denote the vectors of capital and output levels across all industries. 

~ t  
The actual profitability of investment fluctuates because each industry i experiences a white 
noise vector of bounded, stationary productivity shocks ~ ,  every period. We express the 

productivity shocks in terms of a vector in order to allow both for the possibility that there 
are distinct aggregate and industry-specific shocks as well as to allow the possibility that 
different shocks matter for the different industry configurations in which industry i may 
participate. We denote realizations of the capital inputs and productivity shocks of industry 
i at t by -gi,t a n d  ~ i,t respectively. 

Aggregate production in this economy is determined both by the capital and managerial 
inputs applied to each industry as well as the success with which different industries coor- 
dinate production. When a set of industries coordinates production, we say that they have 
formed a coalition. At the beginning of time t, output from investments made at time t - 1 
is realized. All time t production coalitions are then formed. Investment decisions during 
period t are made once coalitions are formed between industries, yielding output at t + 1. 

Our first assumption concerns the nature of possible industry coalitions. We assume that 
each configuration of industries produces output through a coalition-specific production 
function. This assumption does not say anything about coalition membership. 

Assumption 1. Relationship Between Industry Coordination and Production 

There exist N different coalition-specific production functions in the economy, each corre- 
sponding to the number o f  industries which are coordinating decisions. 

Y i.t + l = f l ( Ki,t, Li,t, ~ i,t) when industry i acts in isolation. 

Yi,t + l -F Y j,t + l = f2(  Ki,t, K j,t, Li,t, L j,t, ~ i,t, ~ j,t ) w h e n  industr ies  i and j coordinate .  

N 

Z Yi,t+ 1 
i=1  

= fu(Kt,t . . .  KN,t, L l , t . . .  LN,t, ~ 1 , t . . .  ~ N,t) w h e n  all  N industr ies  

coordinate. 

The function )'1 (', ", ") denotes the production function for an industry when it produces 
in isolation whereas f s  ( ' " ,  " " ,  " " )  denotes the aggregate production function for the econ- 
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omy when all industries coordinate their activities. According to Assumption 1, the joint 
production function resulting from coordination depends on the number of industries in 
a coalition rather than on their identities. One interpretation of the assumption is that by 
acting in unison, industries can increase joint productivity by affecting the degree of spe- 
cialization of production; see Yang and B orland (199 l) and Kelly (1992) for analyses of the 
consequences of this type of technology for growth. 

Our assumption that coordination affects the productivity of a given capital stock is dif- 
ferent from the standard production spillovers one finds in the coordination failure literature. 
Typically, coordination failure models assume that high production on the part of one agent 
makes high production on the part of other agents more profitable. These models further 
rule out any possibility of communication across industries. Our coalition-specific produc- 
tion functions do not take the presence of positive spillovers between all industries as an 
exogenous feature of the technology but rather make their presence dependent on the suc- 
cess with which industries cooperate. Our approach to studying coordination failure will 
therefore explore the consequences of fluctuations in the degree of coordination between 
agents for aggregate activity rather than study the consequences of positive spillovers be- 
tween agents when no cooperation ever occurs. 5 

We next restrict the properties of these coalition-specific production functions. Part A of 
Assumption 2 states that efficiency gains are realized as industries coordinate production 
decisions through an increase in the marginal product of any fixed set of factor inputs. This 
assumption represents the first form of positive feedbacks across agents in the economy. 6 
Part B of the assumption places a symmetry restriction on the marginal products of each 
factor which ensures that all members of a coalition contribute an equal capital input to 
production. Part C of the assumption ensures that profits correlate positively with the level 
of production by requiring that the cross partial derivatives of each production function 
are positive. Part D rules out nonconvexities in production. Part E ensures that the optimal 
capital stock is well defined each period. This is necessary since we are assuming a constant 
discount rate. Part F implies that the joint desired capital stock across industries is always 
feasible, which avoids any corner solutions for individual industries. Industries may lend 
capital to one another. Notice that this condition implicitly means that the marginal product 
of Ki,t will always equal f l -  1 in equilibrium, reflecting the fact that capital invested at t 
produces output at t + 1. 

Assumption 2. Restrictions on Coalition-Specific Production Functions 

A. Le t  SI denote any collection o f  l industries indexed f rom sl to si and  J equal any number  
smaller  than I. Then f o r  all 1 <- i <- J and  J + 1 <- i' <- I and posit ive capital levels 

Ksl.t . . • Ksl.t, 

~gf l(gs, . t . . .  Ks, ,, -L...-L, ~ . . .  ~'~-s, ,) o~fj(K--s,.t . . .  Ks, t, L . . .  L, ~ . . .  ~ sJ" ) 
i .  ' - s t , t  ~ , > ' - s ~ , t  

¢gKsi,t OKsi.t ' 
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O f~(-Ks,.t . . . K , ,  t , L .  . . £ ,  g . . . ~ s ,  ,) 
ii. ' - sl,t , 

OKs,,,t 

> a f l - J ( g Sj + l ,t . . . Ks ,  ,t, £ . . . - L ,  ~ S j+ l ,t "'" ~ s, ,t ) 

OK~i, ,t 

ofl(-gs,. , . . .~,,t ,£.. .Lg " g s , )  ofj(~s,.t...~s;,,-£...-Lg . . . g )  
iii. ' ~ sj,t ~ , > ' - s~,t ~ , , 

O Lsi,t O Lsi,t 

O f t ( K s , , , . . .  Ks,.t, L .  . . -L, ~ s ,  t " " ~ s , . t  ) 
iv. 

OLs~, ,t 

O f t - g ( K s ~ ÷ , . t . . .  Ks ,  t, L . . .  £,  g . . .  ~ , ,  ,) 
> ' -- SJ+ I ,t , 

c) Ls~, ,t 

B. The  m a r g i n a l  p r o d u c t s  o f  a n y  two  cap i ta l  inputs  o r  any  two  m a n a g e r i a l  inputs  wi l l  be 

equa l  i f  the  levels  o f  the inputs  are equal .  I f  K~. t  = Ksj,t ,  then 

c g f t ( K s l , t . . . K s ,  t , L . . . £ , ~  . . . ~  ) O f t ( K s ~ , t . . . K s ,  t , L . . . L , ~  . . . ~ s , t  ) i. ' ~ s l ' t  ~ S l ' t  ~ ' ~ S l ' t  - ' 

cgKsi,t OKsj,t 

O f t ( - K s , , t . . . K ~ , t , L .  L , ~  ~ -  Oft(-Ks, , , .  K , , t , L .  L , ~  
ii. , "" - sj,t " " " ~ sl,t ) = "" ' " " ~ sl,t " " " ~ s,,t 

O L~,,t O Ls ,,t 

C. A l l  cross  par t ia l  der iva t ives  o f  each  coa l i t ion-spec i f i c  p r o d u c t i o n  f u n c t i o n  are posi t ive .  

F o r  al l  coa l i t ions  St, 

c92fl(gs, , t - . .  Ks,,t, L . . . - £ ,  
i .  ~ S1 ,I 

OK.,,tOKsj,t 
""~s"t) > O V i #  j, 

o2f t (~ , , . , . . .  Ks, ,, L . . - L  ~ - -  
ii. " " ~ S l , t ' ' "  g st t ) > 0 V i a n d  j .  

O g si.tcg Ls j,t 

D.  F o r  a n y  set  o f  real i zed  produc t i v i t y  shocks ,  e a c h  coa l i t ion-spec i f i c  p r o d u c t i o n  f u n c t i o n  

exhib i t s  cons tan t  re turns  to sca le  in al l  the f a c t o r s  Ki,t a n d  Li,t. 
E. The  m a r g i n a l  p r o d u c t  o f  e a c h  cap i ta l  var ies  f r o m  infinity to zero as  each  capi ta l  s tock  

var ies  f r o m  zero to infinity, 

ajS(R,,.,...R, ,,,o,~+,,...R~,,,£...L~ ...~-,,) 
O Ksi , t  
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69J~ ( g s l  , t . . .  g s i  1 t, oo, g s i + l , t . . . - g s I  t , - L . . . - L ,  ~ " '"  ~ s t  t ) 
ii. ' - sl,t ~ ' = O. 

OKs~,t 
= - z L  • • 

F. F o r  a n y  r e a l i z a t i o n s  ~ l , t -  1 "" " ~ N, t - -  1' 1 Yi,t > 1 Ki,t, w h e r e  Ki, t s o l v e s  

a ~  f N ( K ~ , t  . . . Ki* , t  . . . K ~ ,  t ,  L .  . . L ,  -- |,t 

cg K i,t 

w 
" -  ~N,,) 

= I V / .  

Associated with each coalition is a rule whereby the proceeds of joint production are 
distributed across coalition participants. We assume that all coalition participants receive 
an equal share of the coalition's production. It is straightforward to show that given this 
allocation rule, no set of industries will wish to leave the largest coalition it can participate in, 
as per capita profits will always be lowered by leaving. 7 Further, any attempt by a subset of 
industries to extract rents from other industries by threatening to withdraw from the coalition 
will consequently not be credible since withdrawal will reduce the profits of those industries. 

Assumption 3. Compensation Rules for Coalition Participants 

A f t e r  c o o r d i n a t i o n  is a t t a i n e d  w i t h i n  e a c h  c o a l i t i o n  a n d  p r o d u c t i o n  occurs ,  e a c h  p a r t i c i -  

p a n t  r e c e i v e s  a n  e q u a l  s h a r e  o f  the  c o a l i t i o n ' s  ou tpu t .  

Notice that this assumption implies that the industry-specific productivity shocks are real- 
ized once a coalition is formed; otherwise bargaining before coalition formation could lead 
to unequal shares. The output of industry i at t will therefore equal its share of total coalition 
output at t. 8 

We close the model by defining the rules by which coalitions are formed. From our 
assumptions, industries have an incentive to form large coalitions in order to achieve 
coordination-based efficiencies; in a complete markets world all N industries would of 
course do so. We deviate from a complete markets economy by introducing some friction in 
communication across industries. This occurs in two steps. First, we specify a rule whereby 
communication links are established between pairs of industries. Second, we specify a rule 
in which bilateral communication is a prerequisite to the formation of complex coalitions. 

The basic idea of the communication friction is as follows. Direct bilateral communication 
between any pair of industries i and j  is a random event each period. We define the random 
variable ¢.oi,j, t which equals 1 if industries i and j directly communicate at t, ¢oi,j, t = 0 

otherwise. The vector ~ t  denotes the collection of all bilateral communication links at t and 
determines the coalitions which result in output produced at the beginning of t + 1. 

Part A of Assumption 4 states that conditional o n  F t -  1, the probability of communication 
between any pair of industries depends only on the realized output of the industries at t. 
(Recall from Assumption 1 that Yi,t and Yj,t are elements of F t - l . )  Part B says that this 
probability is increasing in the size of each industry. Unlike previous authors such as Arrow 
(1962) and Romer (1986), we do not assume that high production at t automatically shifts the 
production functions of individual industries at t + 1 ; rather, we assume that high production 
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makes it easier for industries to coordinate production as it makes it more likely that indus- 
tries communicate. Metaphorically, if production by each industry is randomly distributed 
in equal size units across a plane, and search occurs by these units on the plane, then 
the probability of bilateral communication is increasing in industry size. Part C states that 
the establishment of a communication link between any pair of industries does not affect the 
probability that another link is established. This assumption is made to simplify the proofs 
and can be relaxed without any loss of  generality. 

Assumption 4. Bilateral Industry Communication Structure 

A. Prob(6oi,j,t = 1 I F t - 1 )  is a continuous function P(Yi,t, Y j, t) .9'10 

B.~P(,)>O,~p~,~>O. 
Yi,t Yj,t 

C. Conditional on Yi,t, Y j,t, Yi',t a n d  Y j',t, the event {industry i communicates with industry 
j at t} is independent o f  the event {industry i' communicates with industry j '  at t } for  
i, i', j, j '  E {1 . . .  N}/f{i,  j} and{i ' ,  j ' }  are distinct pairs. 

Since we treat each industry as the aggregation of many firms, industries do not account 
for any effects on future communication probabilities when they determine output. Also, 
observe that the presence of a bilateral communication link between industries i and j at t 
does not guarantee that the link exists at t + 1. If  it were the case that links could never be 
broken, then the model would characterize the evolution of an economy to a steady state in 
which all firms interact, rather than one in which trading links fluctuate, thereby generating 
cycles. 

Finally, we specify the role of bilateral communication in the formation of large coali- 
tions of industries. Following Kirman, Oddou and Weber (1986) and Ioannides (1990), we 
assume that coalitions can only emerge from the direct and indirect communication chan- 
nels generated by direct bilateral interactions. Specifically, no industry may be part of a 
coalition in which it does not directly communicate with at least one member. On the other 
hand, once communication is established between any two industries, all industries linked 
to either of  the original two can indirectly communicate as well. Intuitively, industries can 
act as intermediaries between one another. These ideas are summarized in Assumption 5. 

Assumption 5. Rules for Coalition Formation 

All members o f  a production coalition formed  at t must be able to directly communicate 
through a bilateral link with at least one other member o f  the coalition. I f  industry i is a 
member o f  coalition L then there must be at least one industry i' E St such that i and i' 
communicate directly. 

Equivalently Assumption 5 means that i and i '  may be members of the coalition SI if and 
only if there must exist a sequence of the form 
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O)i,i l  ,t,  tOi l , i2 , t tOi2 , i3 . t  • • . t O i j , i ' , t  (2) 

such that all the to's in the sequence equal 1. This formulation indicates how direct bi- 
lateral communication can lead to indirect communication across all coalition members. 
Given our earlier justification of the communication structure as arising from the presence 
of profitable bilateral coordination, one interpretation of the model is that large coalitions 
can only develop from bilateral coalitions. Heuristically, we can think of an economy start- 
ing with a set of isolated industries. Profit opportunities lead to bilateral coalitions. Once 
these coalitions are formed, industries can exploit the bilateral information structure to 
form more complicated coalitions, and so on. This potential for industries to act as inter- 
mediaries between one another provides a way in which complex forms of coordination 
can emerge from simple interactions between agents. Further, our rule for coalition for- 
mation means that the bilateral communications of each industry provide strong positive 
spillovers for the rest of the economy due to the potential coordination gains these links 
produce. 

Assumptions 1-5 provide a complete specification of the equilibrium for this multi-sector 
economy. We now consider the conditional probability structure which must hold along an 
equilibrium sample path for the economy. We then use this structure to prove existence of an 
equilibrium. Theorem 1 characterizes the conditional probability measure which describes 
the joint evolution of optimal decisions and bilateral communications links for all industries 
in each period. The theorem is a direct consequence of the first order conditions for industry 
profit maximization. 

Theorem I. Structure of conditional probability measures characterizing industry 
production decisions and bilateral communications links 

The equilibrium conditional probability measures characterizing capital and output deci- 
sions and communication links for  each industry obey 

Prob(_Yt+l, g t ,  ~ t  I F t - 1 )  = Prob(..Yt+l, g t ,  ~ t  I ~Yt). 

Proving the existence of equilibrium is equivalent to showing that there exists a joint 
probability measure over all capital and output choices by all industries which is compatible 
with the conditional probabilities described by Theorem 1. The existence of such a joint 
probability measure, given any initial conditions for the economy, is a direct consequence 
of the Kolmogorov Extension Theorem. (See Ash and Gardner (1975) for a statement and 
proof.) Theorem 2 states that the decision rules defined by Theorem 1 generate a general 
equilibrium sample path for the economy. 

Theorem 2. Existence of equilibrium 

For every set o f  initial conditions, there exists a unique joint probability measure over 
all capital investments, output levels, and communication links for  all industries at all 
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dates whose associated conditional probabilities characterizing time- and industry-specific 
choices possess the form given by Theorem 1. 

Finally, we state a result on the role of large coalitions in determining the average level 
of activity. The theorem, which is an immediate consequence of Assumption 1, states that 
the expected level of industry output is monotonically increasing in coalition size. 

Theorem 3. Expected industry output level and coalition size 

I l l  > J, then 

E(Yi,t+l [ i is part of a coalition of size I at t) > 

E(Yi,t+l I i is part of a coalition of size J at t) (3) 

Theorem 3 indicates how fluctuations in the degree of coordination across industries can 
result in both cross-section and intertemporal fluctuations as the distribution of industries 
by coalition size changes over time. 

3. Dynamics 

Theorem 1 shows how the local complementarities structure of the model places precise 
restrictions on the functional form of the conditional probabilities describing production 
by each industry. In particular, Assumptions 4 and 5 mean that the probability that large 
productivity-enhancing coalitions emerge at time t + 1 depends on investment and produc- 
tion decisions made at time t. This intertemporal dependence is a function of the incomplete 
markets structure of the economy and is not a function of any dependence of the aggregate 
productivity shocks on the level of realized activity. Further, Theorem 3 indicates how the 
model possesses the potential for business cycles to emerge as a direct consequence of the 
incomplete markets structure through fluctuations in the degree of communication and co- 
ordination between industries. 

The actual process characterizing the evolution of  technique choices depends critically on 
the specific values assumed by the conditional probabilities relating communication prob- 
abilities at t to industry behavior at t - 1. For example, if P(Yi,t, Yj.t) = 1 for all possible 
realizations of Yi,t and Yj.t, then the model reduces to an Arrow-Debreu complete markets 
economy. In this case, since each of the vectors ~ .  is uncorrelated with Ft- 1, then industry 

- -  / , t  

and aggregate output must be white noise processes. On the other hand if p(-, -) is suffi- 
ciently sensitive to the realizations of Yi,t and Yj,t, then the model can exhibit dependence of 
long run industry behavior on initial conditions. To see this, suppose that the support of the 
distribution of individual industry output has upper and lower b o u n d s  Ysup,l a n d  Yinf,l when 
an industry is a member of a coalition of size I. Then multiple invariant measures for aggre- 
gate output will exist for the economy ifp(Yinf, N, Yinf,N) = 1 and P(Ysup,1, Ysup,1) = 0, as 
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the limiting probability measure characterizing ~Yt will depend on the particular realization 
of ~ - 1 ;  specifically, wt = 1 and ~ t  = 0Q both represent long run equilibria for the bilat- 

eral communication links.H This multiplicity of invariant measures occurs because once all 
industries are ever simultaneously isolated from one another, no communication will ever 
occur, whereas once all industries form a size N coalition, all bilateral communication links 
will become permanently established. However, so long as the probability of each bilateral 
link is between 0 and 1 for all output levels, the model will be ergodic, which will allow 
one to discuss the cyclical properties of the sample path of ~Yt. We will concentrate on the 
ergodic case in the subsequent discussion. 

The cyclical properties of the model depend on two factors: first the sensitivity of the 
bilateral communication probabilities to different sample path realizations of the economy, 
and second, the sensitivity of the within-period coalition structure to changes in the bilateral 
communication probabilities. Fluctuations in the bilateral communication probabilities have 
real consequences only to the extent they affect the probability measure characterizing the 
distribution of coalition sizes within a period. 12 Theorem 4 gives a sufficient condition for 
the model to exhibit intertemporal dependence in all periods. 

Theorem 4. Sufficient condition for existence of aggregate cycles 

For any finite N, if p(Ysup,l, Ysup,1) > 0 and P(Yinf,N, Yinf N) < 1, then Y will never con- 
verge to a white noise vector. 

Under the conditions of Theorem 4, we can now consider the dynamics of the model. We 
first state a theorem which provides conditions characterizing the probability with which 
large coalitions are formed. This theorem is a direct consequence of a set of results in random 
graph theory due to Erdos and Renyi (1959, 1960), which asks what percentage of points 
in a set will be indirectly connected when direct bilateral links between points are random; 
see the Appendix for a formal statement of the Erdos and Renyi theorems. 

Theorem 5. Relationship between communication link probabilities and coalition 
size 

log N 
A. I f  p(Yinf,N, Yinf,N) ~ C T f o r  some c > 1, then 

lim Prob(Each industry is a member  o f  the same coalition at t + 11 

each industry is a member  o f  the same coalition at t) = 1. 

2c 1 
B. I f  P(Ys,p,~logN, Ysup,~logN) <-- ~ f o r  some  c < ~and  oo > ~ > O, then 

lim Prob(Each industry is a member  o f  a coalition o f  order logN or smaller 
N ~  
a t t +  11 
each industry is a member  o f  a coalition o f  order log N or smaller at t) = 1.13 
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This theorem is surprising due to the relationship between a change in the order of mag- 
nitude of the communication probabilities and the associated change in the order of magni- 
tude of the size of the largest coalition in the economy. The theorem says, for example, that 
starting from communication probabilities less than or equal to ~ ,  K > l, for all bilateral 
links, if these probabilities are multiplied by any number greater than K log N, the size of 
the largest coalition in the economy will shift, with possibly high probability, by a greater 
order of magnitude. Specifically, the size of the largest coalition will shift from order log N 
to N with probability arbitrarily near l, for N sufficiently large. This order of magnitude 
change reflects the impact on the probability of indirect communication between industries 
which is induced by an increase in the number of bilateral links, thereby illustrating the 
strength of the spillover effects created by bilateral interactions. 

Part A of the theorem provides a sufficient condition under which an incomplete markets 
economy can replicate the behavior of a complete markets economy. Part B, conversely, 
gives a sufficient condition under which the incomplete markets economy will not repli- 
cate the complete markets equilibrium in any period even as N ~ ~. Interestingly, Part 
A illustrates how, as the number of industries N increases, the probability that any two in- 
dustries indirectly communicate through a sequence of bilateral links can converge to one 
even though the probability that they directly communicate converges to zero. This result 
illustrates how all industries may indirectly communicate although the number of bilateral 
communication links is small relative to the number which exist under complete markets. 

Observe that for any finite N, both booms and recessions will be characterized by a non- 
degenerate distribution of coalitions at each t, which allows for substantial cross-section 
heterogeneity in industry behavior. In particular, when the economy swings between boom 
periods where the largest coalition is of size N and recession periods where the largest coali- 
tion is of order log N, the effects of the shift of regime on each industry will depend on the 
change in the size of its associated coalition. In this sense, the model predicts that the effects 
of a recession will substantially differ across industries. 

Theorem 5 allows us to develop the main result in this paper--namely, that if the proba- 
bility of communication is sufficiently sensitive to the level of output, incomplete markets 
can cause output fluctuations to be arbitrarily persistent. Specifically, the stochastic process 
characterizing industry output will cycle between arbitrarily long periods of boom and de- 
pression. The reason for this is straightforward. If low output in the economy at any time 
t reduces the communication probabilities sufficiently, then low output will become very 
likely at t + 1. Theorem 6 gives sufficient conditions for the sample path of ~t to spend 
arbitrarily long periods of time in regions of uniformly high and low output respectively. 

T h e o r e m  6 .  R e l a t i o n s h i p  b e t w e e n  c o m m u n i c a t i o n  l i n k  p r o b a b i l i t i e s  a n d  o u t p u t  

p e r s i s t e n c e  

- -  - -  l o g  N ~ - - 
Suppose that P(Yinf,N, Yinf,N) >- C-- - -~  Jor some c > 1 and P(Ys.p,N~ logU, Ysup,tW logN) 

2e 1 
<-- - ~  f o r  some c < ~ and some a > O. Then f o r  any finite S and e > 0 there exists a 

number No such that f o r  all N > No, 



AN INCOMPLETE MARKETS MODEL OF BUSINESS CYCLES 209 

A. Prob(info<_i<_N Yi,t+s >- Yinf,NVS E {1 . . .  S}]info<_i<_N Yi,t >- Yinf,N) ~ 1 -- e. 
B. Prob(supo<_i<_N Yi,t+s ~ Ysup,N"IogNVS E {1. . .  S} I supo<_i<_N Yi,t ~ 

Ysup,N~logN) >-- 1 - e. 

Since the complete markets equilibrium for this economy will exhibit no persistence in 
output fluctuations, Theorem 6 gives a clear statement of the potential role of incomplete 
markets in generating long cycles. Intuitively, high (low) production enhances (impedes) the 
process of coalition formation, which renders regimes of high and low aggregate activity 
self-reinforcing. 

This line of argument also indicates how aggregate shocks can play a special role in gen- 
erating output persistence. Suppose that the first element of each ~ i,t is an economy-wide 
aggregate productivity shock ~t. High draws of ~t can have the effect of simultaneously 
increasing the communication probabilities of all bilateral communication links between 
industries whereas low draws of ~t can have the effect of simultaneously reducing the bi- 
lateral communications links. Realizations in the tails of the probability measure of ~t can 
thus have the effect of triggering booms or recessions. Further, if these tail realizations are 
infrequent, these periods of high or low activity to be quite persistent. 

Finally, observe that the model provides a link between the level of economy-wide activ- 
ity and the marginal product of capital in each industry. From Assumption 4, the equilibrium 
expected marginal product of capital for any fixed capital level Ki,t :- K ,  

[OYi,t+l K,  Y~t) E I ~ I K i , t  = (4) 

is increasing in ~Yt. This dependence of the marginal product of capital on the level of activity 
does not stem from any sort of social increasing returns to scale or interindustry learning by 
doing, as posited by Romer (1986). Rather, this dependence is produced by the effect that 
high production has on the process of communication and coalition formation. The apparent 
dependence of the marginal product of capital on the level of aggregate activity stems from 
the impact of high output on the degree of coordination in the economy, rather than from 
direct technological interactions. Our model therefore provides a new justification for the 
dependence of individual industry productivity on the state of aggregate activity which has 
formed much of the basis of the new growth theory and has been empirically detected by 
Caballero and Lyons (1992) and Bartelsman, Caballero and Lyons (1994). 

4. Communica t ion  Probabil i t ies  as a Choice  Variable 

In this section we describe how to modify the basic model to allow industries to influence 
the bilateral communication probabilities. At the beginning of period t, after ~Yt is realized, 
each industry must choose a level of investment in communication, ~)i,t, which must lie in 
some compact set of ~ .  These investments will jointly determine the bilateral communica- 

.tion probabilities. We let Ot denote the vector in communication investments at t and O-i.t 
denote the vector of investments except that of industry i. These investments are made be- 
fore the realization of the ~ i.t productivity shocks and determine the probability with which 
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industries interact. Without loss of generality, we assume that each industry follows a known 
investment rule which maps the information set Ft-  1 into its investment decision; hence in 
equilibrium each industry can take the investment levels of other industries as known when 
it makes its own investment decision. Each industry will therefore choose Oi,t to maximize 

E(~Yi,t+l - Ki,t -- Oi,t [ ~)i,t, ~-i , t ,  Ft-l) .  (5) 

In order to integrate the communication investment structure into the model, we first mod- 
ify the communication probability structure. Assumption 4' restricts the effect of investment 
in communication on the communication probabilities. 

Assumption 4'. Industry communication structure with endogenous communication 
investment 

A. The probability that industry i communicates with industry j at time t equals P(~)i,t, ~) j,t). 

B Op(Oi,t, ~)j,t) ~ O; cgp(Oi,t, Oj, t)  ~ O. 
OO i,t OO j,t 

C. Given l~)i,t, Oj,t, ~)i',t and Oj,,t, the event {industry i communicates with industry j at t} is 
independent of  the event {industry i' communicates with industry j '  at t} for  i, i', j, j '  E 
{1.. .  N} if{i, j}  and {i', j '}  are distinct pairs. 

Part A of the assumption makes the bilateral communication probabilities between in- 
dustries a function of the bilateral investments. Part B says that increased investment in 
communication has a nonnegative effect on the bilateral communication probabilities. Part 
C preserves the conditional independence of bilateral communication links from Assump- 
tion 4. 

Second, we assume that each industry's productivity shock vector consists of two com- 
ponents corresponding to economy-wide and idiosyncratic shocks respectively. Also, each 
industry experiences social increasing returns to scale in the sense that its productivity is 
increasing in the level of output the previous period. 14'15 This type of feature is necessary 
to preserve some temporal dependence in each industry's output fluctuations, since we are 
no longer linking the communication probabilities directly to the level of industry activity. 
This assumption will allow us to study the consequences of intraindustry social increasing 
returns on interindustry increasing returns. 

Assumption 6. Structure of productivity shock vector 

A. ~ i,t : (~i,l,t, ~i,2,t) Vi" 
n .  ~i,l,t = ~j,l,tVi, j .  

C. ~i,2,t = f ( Y i , t )  + •i,t, w h e r e  --Of(Yi't) > O. 
OYi,t 

D. • i,t are independent across all i; ~i,1 ,t and • i,t are independent of  each other and of  Ft -  1 ~ i. 

Finally, we place a restriction on the implicit structure describing the relationship between 
the communication probabilities, the level of communication investments and the benefits 



AN INCOMPLETE MARKETS MODEL OF BUSINESS CYCLES 211 

to large versus small coalitions, in order to ensure that this economy always has an equi- 
librium. In absence of this assumption, a potential existence problem arises because of the 
possibility that increases in communication investments by some industries can eliminate 
incentives for high communication investments by other industries; as shown by Grossman 
and Stiglitz (1980), free riding of this type can mean that no equilibrium set of industry 
investments exists. We therefore impose the following requirement on how the profitability 
of an industry's investment in communication is affected by the level of communication 
investment by other industries. This assumption requires that the relative profitability of 
higher versus lower communication investment by each industry is increasing in the level 
of investment by other industries; Milgrom and Roberts (1990) refer to payoff functions 
with this property as exhibiting increasing differences. It is straightforward to construct 
parametric examples of economies which fulfill this assumption. 16 

Assumption 7. Restriction on relationship between expected industry profits and 
communication investments by other industries 

For any two investment levels ~i , t  > ~i,t by any industry i and any f ixed Ft-1, 

E(~Yi.t+l - gi,t -- Oi,t) l Oi,t = -~i,t, ~- i , t ,  F t - 1 ) -  

E ( ~ Y i , t + l  -- Ki,t - ~)i,t) l ~)i,t = ~i,t ,  ~ - i , t ,  F t - l )  

is nondecreasing in ~ - - i , t .  

With this assumption, the model is a member of the class of supermodular games studied 
by Milgrom and Roberts (1990). The results in that paper imply, given the intertemporal 
productivity spillover effects described in Assumption 6, that there exists at least one func- 
tion of the form ~)i,tQYt) 17 such that if each industry follows this rule, a Nash equilibrium 
set of communication investments exists each period. 

Theorem 7. Existence of equilibrium with endogenous communication probabilities 

Under Assumptions 1, 2, 3, 4', 5, 6, and 7, for  every set o f  initial conditions, there exists 
at least one joint  probability measure over all communication investments, capital invest- 
ments, output levels, and communication links for  all industries at all dates such that each 
industry is maximizing the present discounted value o f  profits. 

Notice that Oi,t(_Yt) may not be unique. For example, if p(O, ®j,t) = 0 for all choices of 
Oj,t, then ~t  = Q is always an equilibrium. The presence of communication investment in 
the model can thus capture the potential for multiple equilibria due to self-fulfilling expec- 
tations. In this sense, the model can replicate the multiplicity results of Diamond (1982). 

In terms of the equilibrium properties of this version of the model, it is straightforward 
to verify that the model can still produce persistent cycles, so that Theorems 5 and 6 still 
hold. In addition, so long as the economy coordinates on the highest or lowest production 
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Nash equilibrium each period and the expected profits of each industry exhibit increas- 

ing differences in ~Yt when ~-i,t is fixed, E(a~2~7+l IK,,t -- e ,  r , )  will also be increas- 
v ~ - g  d 

ing in -__t.v 18.w Unlike the previous formulation of the model, both aggregate cycles and 
statistical social increasing returns will exist in a complete markets analog of the econ- 
omy, as the industries interact through the aggregate production function. However, both of 
these features will be more pronounced under incomplete markets. This holds because the 
presence of within-industry social increasing returns means that high production at t - 1 
will stimulate an industry to invest more in order to form more efficient coalitions at t; in 
the aggregate, fluctuations in the cross-section distribution of coalitions will both increase 
the amplitude of the business cycle and create additional intertemporal feedbacks between 
the level of output and industry productivity. 

5. Summary and Conclusions 

This paper has shown how incomplete markets can lead to persistent business cycles. 
Markets are missing in the sense that industries cannot automatically form productive 
coalitions due to the presence of communication frictions. The degree of coordination be- 
tween industries is determined by a random matching process through which complex 
coalitions of industries emerge through bilateral industry interactions. High production 
by an industry improves the probability with which it communicates with other indus- 
tries, creating a positive spillover effect on the productivity of the rest of the economy. 
These intertemporal spillovers are not present in a complete markets equivalent to the 
economy. 

The model we have studied is certainly stylized along many dimensions. One particu- 
larly strong is that of constant weights for valuing output produced at different dates. This 
assumption rules out any role for price adjustment in affecting aggregate fluctuations. One 
interesting extension of the model would be the development of a richer form of price be- 
havior through the introduction of more general preferences. 
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Appendix I. Random graph theory 

This paper uses some results from graph theory. We summarize some of the relevant results; 
see Bollabas (1979,1985) and Palmer (1985) for surveys of this mathematics. 

Let A denote any set of points ai, called vertices. The order of a graph equals the number 
of vertices. Let E denote a set of pairs (i, j), called edges, with the property that if(i, j )  E E 
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then (j, i) E E. The size of a graph refers to the number of edges. A graph G(A, E) is any 
combination of vertices and associated edges where (i, j )  E E means that there is a con- 
nection between points ai and aj. A graph is said to be connected if for any pair of vertices 
i and i '  there exists a sequence of vertices ii .. • ir such that (i, il), (il, i2), (i2, i 3 ) . . .  (ir, i ' )  

are all members of E. A sequence of edges which connects two vertices is called a 
path. 

Associated with any graph are many subgraphs. A subgraph H of G is any pair of vertices 
and edges (B, F)  such that B C A and F _ E. A subgraph H is said to be a componen t  of 
G if H is a maximal connected subgraph of G. This means that there is no other connected 
subgraph H '  of G such that H C H' .  

A random graph is a graph where there is a probability measure which characterizes 
which edges E are associated with a given set of vertices. Each graph G(A, E) may therefore 
be thought of as the realization of some stochastic process. The most common assumption in 
the literature is that each pair of vertices i and j are connected by an edge with probability 
p and that the probability that any pair of vertices in the graph is linked is independent 
of the probability that any other pair is linked. Random graph theory is concerned with 
identifying what properties of graphs, such as connectedness, become likely or unlikely as 
N, the number of  vertices, grows. For the case where the edge probabilities are independent, 
Erdos and Renyi (1959, 1960) establish a set of conditions which relate the limiting order 
of the largest component (in terms of the number of vertices) of a random graph to p. We 
formulate Theorem A. 1 based on the analysis of Palmer (1985), which contains proofs of 
the various parts of  the theorem. 

Theorem A.1. Relationship between the order of the largest component  of  a random 
graph and the probability that any two vertices are connected 

Let CN denote the number of vertices in the largest component of a random graph with N 
vertices and common edge probability p. 

log N 
A. I f p  = c - - - ~  for some c > 1, then lim Prob(CN = N) ~ 1. 

N#~  
2c 1 

B. If  p = ~ -  for some c > 2 '  then lim Prob(CN is of order N) ~ 1. 
Nff~ 

2c 1 
C. If  p = ~ -  for some c < 2 '  then lim Prob(CN is of order at most log N) f f  1. 

N ~  

This theorem forms the basis for our analysis of coalition formation in the text. 

Appendix 2. Proofs of  theorems 

Proof  of  Theorem 1. Conditional on being a member of a coalition of size I, each firm i 
will choose a capital level K i which solves 

O ~  f i ( K 1 .  . . K l ,  -Ll . . . - t l ,  ~ 1 . . .  ~-* I )  
= 1 (A.1) 

OKi 
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given the capital choices of the other firms. Since each coalition-specific production function 
is constant returns to scale, this means the coalition acts as a single representative firm 
which maximizes profits. Therefore, the value of firm i's capital at t and output at t + 1 are 
deterministic functions of the f o r m  g i , t ( ~  l . . . ~ i ,  I )  a n d  Yi,t+ l ( ~  l . . . ~ i ,  I )  respectively. 
Since ~ 1 .. • ~ 1 are white noise, the only dependence of Ki, t  and Yi,t+ 1 o n  F t -  1 can come 
through the probability measure characterizing coalition sizes for industry i. However, the 
coalition size of industry i is a function of ~ t ,  and by Assumption 4, Prob(~ t  [F t -1 )  = 
P r ob (~ t  I Yt), which completes the proof. 

P r o o f  o f  T h e o r e m  2. The Kolmogorov Extension Theorem states that if probabilities 
are consistently defined over all sets of the form {__Yo...Y~t, K o . . .  K t, w o . . .  ~ t } , t  finite, 
then there exists a unique probability measure over {X0.. • ~Y~, K o . . .  K~, ~ o . . .  ~ }  that 
is compatible with these probabilities. Choose any initial probability measure Prob(_Yo). 
By Theorem 1, the first order conditions for industry profit maximization define the 
conditional probability measure Prob(Y1, Ko, ~o [ ~Yo). Multiplying these measures, we can 
therefore define Prob~Yo, Y1, K o, wo). Further, since Prob( . .Y t+l ,  K t , ~ t [ F t )  = 

Prob(_Yt+b K t, ~ t  I ~Yt), we can construct Prob(_Yo...~Yt+l, K o . . .  Kt, ~ o . - .  wt) and by 
integrating out ~Yt+l w e  can construct Prob( .Yo. . .  Y~t, K o . . .  K t, ~ o . . .  ~ t )  for any t. This 
sequence of probability measures will be consistent since the joint probabilities at t are 
defined recursively from the joint probabilities at t - l, which is sufficient to ensure that 
Prob(Yo . . . Y~, K o . . .  K~,  ~ o  . . . ~ )  exists. 

P r o o f  o f  T h e o r e m  3. Theorem 3 follows immediately from Assumptions 2 and 3. By 
Assumption 2.B, each coalition will choose the same capital level K for each industry within 
a coalition. By Assumption 2.A, the equilibrium level of capital for a coalition must be 
increasing in coalition size for any realization of the productivity shocks. By Assumption 
2.C, an increase in the capital level for all industries must raise the marginal product of 
the managerial input, M P L ,  for each industry; by Assumption 2.A an increase in coalition 
size will also raise M P L .  By Assumption 2.F, the marginal product of each capital input will 
equal r -  1 for all coalitions. Finally, the average product per industry in a coalition will equal 
M P L  • L + fl 1K by constant returns to scale, which is Assumption 2.D. Each term of this 
expression is therefore either increasing or constant in coalition size, given any realization 
of the productivity shocks. Taking the expected value of industry output conditional on 
coalition size yields the theorem. As f l M P L  • L also equals per capita industry profits, this 
also shows that expected industry profits are increasing in coalition size. 

P r o o f  o f  T h e o r e m  4. I f  P(Ysup, l, YsupA) > 0 a n d  P(Yinf,N, Yinf,N) = 1, then with prob- 
ability 1, ~ t  eventually converges to 1 for any initial conditions. This holds because 

P r ob (~ t  = 1)  > OVt i f  P(Ysup,1, Ysup.l) > 0 and Prob(Wt+l = 1 I Okt = 1 )  = 1 if 

P(Yinf.N' Yinf,N) = 1. On the other hand, if P(Ysup,1, Ysup,1) > 0, then Assumption 4 says 
that higher levels of Yi,t  will increase the probability of bilateral communication, which 
will by Theorem 3 raise expected output of all industries at t + 1, hence the process is not 
white noise. 

P r o o f  o f  T h e o r e m  5. T h e o r e m  5 is a c o n s e q u e n c e  o f  Th e o r e m A.  1. O n c e  all industries  
- - log  N 

are in a coal i t ion o f  s i ze  N ,  the condi t ion  P(Yinf,N, Yinf,N) ~ C T for c > 1 o f  T h e o r e m  
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5 means,  g iven  Theo rem A. 1, that the probabil i ty that all industries are in a coali t ion of  

size N at t + 1 can be made  arbitrarily close to 1 by choosing N large enough. Conversely ,  
- -  - -  c 1 

i f  P(Ysup,lWlogN, Ysup,mlogN) < ~-~ for c < ~ and any t~ > 0, then Theorem A.1 also 

impl ies  that the probabil i ty that the largest  coali t ion in the economy is of  m a x i m u m  order 

log N at t + 1 g iven  that the largest  coali t ion in the economy is of  m a x i m u m  order log N 

can be made  arbitrarily close to 1 by choosing N large enough. 

P r o o f  o f  T h e o r e m  6. By  Theorem 5, it is possible to choose No large enough so that the 

condit ional  probabil i ty that all industries are in a coali t ion of  size N at t + 1, g iven  that they 

are in a coali t ion of  size N at t is less than any B > 0. Choos ing  No such that (1 - 8) s > 1 - 

yields Part  A of  the theorem. A symmet r ic  a rgument  yields Part  B. 

P r o o f  of  T h e o r e m  7. It is s t raightforward to verify,  g iven  Assumpt ions  6 and 7, that the 
maximiza t ion  p rob lem faced by each industry at t is such that the economy,  condit ional  

on ~Yt, may  be descr ibed by a supermodular  game  in which  the communica t ion  inves tment  

levels  are the re levant  choice  variables,  based on a point  by point  verif ication that the defini-  

tion of  a supermodular  g a m e  presented by Mi lg rom and Roberts  (1990) holds for our model .  
Further,  Theo rem 5 in Mi lg rom and Roberts  states that there exist  pure Nash  strategies for 

the class of  supermodular  games,  which means  that for each ~Yt there is at least one set of  

communica t ion  inves tments  Ot(Yt) that is a Nash  equi l ibr ium. 

N o t e s  

1. By analyzing the role of communication externalities in economic fluctuations, the model does address a class 
of phenomena with clear empirical importance. North (1990), for example, identifies costly communication 
as the primary determinant of the structure of economic institutions. North discusses at great length the idea 
that as production becomes more specialized, coordination between different sectors of the economy becomes 
more difficult due to imperfect information. The current model illustrates the business cycle implications of 
this view. 

2. Important contributions include Diamond (1982) which explores aggregate implications of demand externali- 
ties in search models, Heller (1986), Cooper (1987) and Murphy, Shleifer and Vishny (1989) which illustrate 
how multiple equilibria can emerge due to demand externalities induced by imperfect competition and Bryant 
(1985) and Azariadis and Drazen (1989) which show how the productivity spillover effects produced by ef- 
fort or capital accumulation can produce multiple steady states in static and intertemporal models respectively. 
Cooper and John (1988) provide an excellent overview and unification of this literature. 

3. See Diamond and Fudenberg (1989) for a model in which incomplete markets produce business cycles and 
Durlauf (1993, 1994) for a framework in which market incompleteness combines with local technological 
complementarities to produce both intertemporal and cross-sectional output volatility. 

4. This functional form will hold in a general equilibrium model when the economy is populated by risk neutral 
consumers. When each consumer r has preferences obeying 

the sequence ~'  will equal the Arrow-Debreu price for output available at date t, when industries are able to 
achieve their desired investment levels each period. This requirement is assured by Assumption 2.E below. 

5. Assumption 1 rules out any spillovers between industries belonging to separate coalitions. 
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6. Assumption 2.A can also be expressed in terms of restrictions on the coalition-specific production functions. 
7. This claim is verified in the proof of Theorem 3 below. 
8. By Assumption 2.B, one can show that this allocation rule corresponds to one where each factor is paid its 

marginal product. Mordecai Kurz has suggested the following interpretation which directly leads to marginal 
product pricing when each industry consists of an equal number of identical firms. Suppose that when in- 
dustries coordinate, individual firm-specific coalitions are formed by combining one firm from each of the 
coordinating industries. If the number of firms in each industry is large, all firms will act as perfect competi- 
tors in seeking out individual coalition partners, which means that all factors of production will be paid their 
marginal products. Also, notice that this assumption implies that the industry-specific productivity shocks are 
realized once a coalition is formed; otherwise bargaining before coalition formation could lead to unequal 
shares. 

9. Throughout, Prob(x  I Y) denotes the conditional probability ofx given y. 
10. It is more natural to assume Prob(toi,j., = 1 I Ft ~) equals a function of the form pffYi.,, Yr., 6~,j.,_t), where 

6~4,,-1 = 1 if industries i and j were part of the same coalition at t - 1, which would mean that bilateral in- 
dustry communication at t depends on industry communication at t - 1 as well as the size of the industries. 
If pffY~., Yj.,, 1), always equals 1, then the model will never exhibit cycles, as eventually, all industries com- 
municate. If PffYi.t, Yr.t, 1) can assume values sufficiently less than 1 for sufficiently low Y~., and Yj.,, then 
the subsequent results in the paper can be replicated at the cost of substatntially more complex conditions 
for the theorems. One way to ensure PP(Yi., Y j.,, 1) can be less than 1 is to introduce fixed costs to coalition 
participation which can cause industries embedded in low production environments to decline to cooperate 
with others. This can occur, for example, when industries must invest in order to communicate, as analyzed 
in Section 4. 

11. The presence of multiple invariant measures for the economy generalizes the notion of mulitple equilibria 
which has been developed in the context of the static coordination failure literature to stochastic, dynamic 
models. See Durlauf (1993) for discussion. 

12. The potential for such an effect may be seen in the context of a six industry economy. If the number of bilateral 
links is 15, then all industries coordinate with one another, whereas if the total number of bilateral links is 5, 
the implied coalition structure will depend on the distribution of the links between industries. In this example, 
it is easy to see how an increase in the bilateral probabilities can affect the overall probability of a size N 
coalition. 

13. Formally, if Ms denotes the largest coalition size for an economy with N industries, then MN/IogN will asymp- 
totically be bounded from above by some sequence CN which converges to a finite constant, under the condition 
described by Part B of the theorem. 

14. Alternatively, one can model the industry productivity shocks as AR(1 ) processes in order to introduce similar 
temporal dependence. 

15. As before, our assumptions on industry structure mean that the effects of current industry output on future 
productivity are not accounted for when industry output is determined. 

16. This assumption may appear unusual because it is placed on a set of marginal profit conditions rather than 
on some primitive features of the model such as the communication probabilities or technology. In mod- 
els such as the current one, where the interactions across many agents are the object of interest, it is often 
not possible to directly and concisely restrict the primitive features of the model in order to allow analy- 
sis of interesting features of the aggregate dynamics. Assumption 7 can, for example, hold due to a wide 
range of alternative combinations of the influence of industry i investment on the probabilities attached to 
participating in coalitions of different sizes as well as the associated distribution of profits for each of these 
structures. 

17. Recall that because of the timing of production,~ is an element of F,_~. 
18. See Milgrom and Roberts (1990), Theorem 6, for a formal proof. The reason that one must specify that the 

economy stays at the highest or lowest production equilibrium in order to establish monotonicity is that other- 
wise, the economy can cycle between equilibria in response to changes in ~ ,  which would allow an increase 
in the productivity of the economy to be associated with a decline in communication investment. 

19. If the productivity shocks are AR(1) processes, then a positive correlation between productivity shocks and 
industry output will create the same apparent dependence of each industry's marginal product of capital on 
the level of other industries' output levels. 
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