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An extensive literature discusses the existence of a virtuous circle of expectations that might lead communities
to Pareto-superior states among multiple potential equilibria. It is generally accepted that such multiplicity stems
fundamentally from the presence of positive agglomeration externalities. \We examine a two-sector model in this
class and look for intertemporal perfect foresight equilibria. It turns out that under some plausible conditions,
positive externalities must coexist with exterdaeconomies elsewhere in the model, for there to exist equilibria
thatbreak free of historical initial conditions. Our main distinguishing assumption is that the positive agglomeration
externalities appear with a time lag (that can be made vanishingly small). Then, in the absence of external
diseconomies elsewhere, the long-run behaviour of the economy resembles that predicted by myopic adjustment.
This finding is independent of the degree of forward-looking behavior exhibited by the agents.
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1. Introduction

An extensive literature discusses the existence of a virtuous circle of expectations that
might lead communities to Pareto-superior states among multiple potential equilibria. It
is generally accepted that such multiplicity stems fundamentally from the presence of
positive agglomeration externalities. The purpose of this article is to examine the role
of agglomeration externalities in a fully dynamic model in which agents exhibit perfect
foresight. Under plausible conditions that we describe below, we show that the generation
of equilibria that break free of initial historical conditions must critically depend on the
presence ofongestiorexternalities elsewhere in the model.

The role of externalities in the process of economic development has occupied a cen-
tral place in theories of growth and development. Perhaps the first study along these
lines is due to Paul Rosenstein-Rodan (1943). Authors such as Tibor Scitovsky (1954),
Albert Hirschman (1958), and Gunnar Myrdal (1957) developed these notions further.
More recently, Murphy, Shleifer, and Vishny (1989) have formalized some aspects of the
Rosenstein-Rodan viewpoint, making precise the conditions that are needed for multiplicity
of equilibria. The study of such multiplicity exhibits agglomeration externalities in its own
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right: arecentissue of thiournal of Development Economiosncentrated entirely on this
topic.

By and large, this literature ignores a central question raised by Rosenstein-Rodan and by
Hirschman: how does an economy move from a bad to a good equilibrium? This question
is imprecise: so-called transitions from one equilibrium to another must themselves be
viewed as the equilibria of some encompassing intertemporal process. But this question
is problematic for game theorists (aradfortiori, for applied economists as well). In pure
coordination games (such as those studied by Cooper and John (1988); see also Diamond
(1982); Bryant (1983); Chatterjee and Cooper (1989), Chatterjee, Cooper, and Ravikumar,
1990), which essentially underly these models, where is the role of history? Why would
an initial coordination failure transmit itself, or persist, over time? This is the fundamental
issue raised (though not answered) by Rosenstein-Rodan and by Hirschman.

We study this issue by placing the static coordination game in the explicit context of an
intertemporal process. Our two-sector migration model has already served as the canonical
parable in part of this literature. In one of the sectors (the traditional sector), the return
to each agent is exogenously given. In the other, modern sector, there are agglomeration
externalities: the return to each agent depends positively on the number of agents located
there. Viewed as a static model of locational choice, the model exhibits two equilibria—one
in which everyone is located in the traditional sector and the other in which everyone is
located in the modern sector. Viewed as a dynamic model of locational choice, agents take
the intertemporal paths of returns in each sector as given and then make rational migration
decisions to maximize the sum of discounted utility. Such decisions might include, in
principle, the option to move back and forth several times. Each migratory step is costly. A
perfect foresight equilibrium has the additional property that the joint migration decisions
generate precisely the intertemporal path of returns that each agent takes as given.

A similar model has been used by Matsuyama (1991) and Krugman (£9@1show
discuss the role played by discounting in the generation of ahistorical equilibria. If agents
discount the future heavily enough, then the intertemporal equilibrium resembles the path
obtained through myopic tatonnement. Initial conditions (and thereafter the current dis-
crepancy in the intersectoral rates of return) determine migratory flows. The sector with
the initial advantage will come to dominate. On the other hand, for discount rates close
to zero, other perfect foresight equilibria appear. These equilibria can break free of initial
conditions, provided that agents harbor common expectations of optimism (or pessimism)
about the eventual fate of the modern sector.

There is merit and insight to these arguments. They certainly allow for outcomes that
we do sometimes see—a burgeoning, self-fulfilling move away from one type of activity
(or location, or technology) to another. Our objective is to make explicit an aspect of these
models, and possibly of the coordination framework in general, that remains hidden in the
literature that we have seen. The observation is toigienerate equilibria that break free
of historical conditions, negative agglomeration externalities must be present somewhere,
in addition to the positive agglomeration externalities that are needed to create the problem
in the first place Most important, this result immdependent of the size of the degree of
forward-looking behavior exhibited by the economic ageasscaptured by their discount
factors.
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To make this point, we make an assumption that we believe to be eminently plausible.
We assume that the positive agglomeration externalities must manifest themselves with a
time lag? We do not restrict the size of this lag in any whay.

In this model, for any positive discount rate, if relocation costs are constant and inde-
pendent of the intersectoral allocation of agents, the final outcome of any perfect foresight
equilibrium depends entirely on initial conditions. The equilibrium paths turn out to be (es-
sentially) the same as if agents were short-sighted. The same result is true if the relocation
cost dependreegativelyon the number of agents in the destination sector (which amounts
to positive externalities as well). Thus, paradoxically enough, equilibria that break free
of initial history can exist only if there are diseconomies elsewhere. In this model, such
equilibria might exist if relocation costs depepdsitivelyon the number of agents in the
destination sector (congestion). We do not construct such equilibria for our model, as this
is not our main focus, but it is easy enough to do so along the lines discussed by Krugman
and Matsuyama.

Once stated, the intuition behind such a result is easy enough to see. Suppose, for
instance, that the rate of return in the traditional sector is initially higher, and then lower,
along some equilibrium path. This implies that some migration must have occurred from the
traditional to the modern sector. But because externalities are lagged, the initial migration
must have occurred when current returns were unfavorable. Such migrants can benefit from
postponing their migration decision, and they will certainly do so if the cost of relocation
is not adversely affected in the process. But this means no one will migrate in this interim
period, and so the positive externalities can never be generated in the first place. With
diseconomies in relocation costs, this argument is no longer valid and such equilibria can
be constructed (under some conditions).

In describing myopic tatonnement, Krugman (1991a, p. 657) writes: “The usefulness of
this kind of heuristic approach to dynamics for thinking about models is so great that we
would not propose abandoning it.” In this article, we argue that the prediction of myopic
tatonnement may have more than just heuristic appeal on its side. In economies of atomistic
agents, the path of myopic adjustment may still be the most likely equilibrium outcome if
no congestion cost is added to the model.

2. The Model

An economy has two regiongy andB. A total capital (or labor) endowment f is split

at date 0 between the two regions. Denotekbyhe capital in regiorB, so thatk — K

is the capital stock in regioA. Capital invested in region yields a fixed rate of return,
normalized to zero. RegioB’s rate of returrr is taken to depend positively on its capital
endowment:

r = f(K), 1)

where f is continuous, strictly increasing, arfd0) < 0 < f (K).
Imagine that there is a continuum of agents, and each agent owns a single unit of capital.
Capital is free to move between regions, but each relocation entails a honnegative cost.
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Assume that the cost of moving from B to A is given by a nondecreasing funttigf)

and that the cost of moving from A to B is given by a nonincreasing funéggi ), where

K is to be interpreted, in each case, as the population of capital in the destination region.
Say that either of these cost functions exhibisgestiorif it increases, at least over some
interval, inK. Agents make decisions in the way described below.

First let us track the relevant prices. Let= {r(t), ca(t), ca(t)}°, be some point
expectation about the path (measurable in time) of returns and relocation costs in each
region. Future returns are discounted in the standard way, using a discoynt Beaote
by V (v, i, t) theoptimal valueto an agent in region i = A, B, beginning at time, when
the commonly anticipated path of returns/is Then by standard dynamic programming
arguments, an agentin regiowill switch sectors attimeif V (y,i,t) < V(y, j, )—¢ (1),
will stay if the opposite inequality holds, and will be indifferent if equality holds.

A pathy is anequilibriumif it is generated by the optimal decisions of (almost) all agents
in response to.

To discuss the generation of consider now some exogenously given measurable path
{K (1)}22,.* We assume that theressmedag (however small) in the speed at which external
effects induced by incoming/outgoing factors affect the going rates of return. From this
point of view, we regard the return functionK) as representing a long-run level of the
rate of return, once the economy has settled at a certain level of cHpit&l/e assume
that at date O (0) is preciselyf (K (0)) (see (1)). Thereafter, we introduce an increasing
functiong, with g(0) = 0, such that

F(t) = g(f (K@) —r(). 2

Thus, the rate of return at any date chases the appropriate rate of return corresponding to
the division of the capital endowment at that date. The specific functional forgd. pf
determines the speed at which returns adjust. In any case, capital owners will always get
paidr (1), in accordance to their real marginal productivity at that point of time.

Several economic situations conform quite naturally to this specification. In models of
search or matching, the productivity of some fixed amount of capital may depend on the
ability of that capital to find partners (with more capital), say, because of minimum scale
requirements in production. This ability, in turn, will depend on the total amount of capital
in the economy (see, e.g., Diamond [1982]). Note that a discontinuous jump in the capital
stock will lead to a smooth intertemporal increase in productivity as long as the process
of matching partners takes place in continuous time. Likewise, if one replaces capital
by population and rate of return by utility, the concentration of population in a particular
geographical region may provoke large amounts of productive activity and a variety of goods
and services, attracting still more people because of the greater utility to be had (Krugman
[1991b]). Again, the degree of productive activity might react smoothly to a sudden influx
of population (perhaps because the information regarding a larger market needs time to
permeate to all the producers).

Appendix A provides a highly stylized example that makes explicit the process through
which intertemporal smoothing can occur.

Thus a path of capital allocatiofK (t)} generates a path of returfigt)} using (2), and
a path{ca(t), cg(t)} using the relationshipsg (t) = & (K (t)) for all t. Note that we could
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introduce lags into the functions as well. We do not do this: it keeps the notation simple,
and in any case our focus is primarily on lags in the flow rates of return.

Note that the literature on coordination (for example, Cooper and John [1988]) and on the
role of history versus expectations (for example, Matsuyama [1991]; Krugman [1991a])
effectively assumes tha is infinitely sensitive, so that(t) is alwaysexactlyequal to
f(K(1)).5

3. History and Coordination Failure

If agents migrate only in response to current rate differentials, the resulting equilibrium is
equivalent to myopic tatonnement. For instanc (D) is such thatf (K (0)) < 0, capital
in B will move to A to cash in on the rate differential, and the process will ultimately
lead to the specialization of the economy in sed&orThe reverse will be true whenever
f (K (0)) > 0. With positive relocation costs, there is an interval of initial conditions that
will persist; no one finds it worthwhile to switch sectors. However, as Matsuyama (1991)
and Krugman (1991a) observe, this strong history-dependence is drive by myopia. There
might be forward-looking equilibria that lead, for instance, to ultimate specialization in
either sector even though initial conditions do not favor this sector. It turns out, though,
that such outcomes are impossible in the model of the previous section, irrespective of the
degree of farsightedness.

To state this result, say that an intertemporal equilibriuexidusively history dependent
if the long-run outcome either equals the initial allocation, or entails migratiyto the
sector that is initially profitable. Note that myopic tatonnement has the same properties,
though obviously the exact path may be different. The main similarity is that no room is
left for farsighted expectations.

Proposition 1 Assume tK (0)) # 0. Unless the cost of relocation exhibits congestion,
every equilibrium must be exclusively history dependent, irrespective of the discount rate.

This proposition summarizes the main point of the article: unless rates of return reflect
instantaneouslyhe external effects of incoming factors, the ability to generate “ahistorical
equilibria” and to attain Pareto superior outcomes depends critically on how relocation costs
are affected by intersectoral allocation. In particular, Proposition 1 shows that if each agent
faces arelocation cost thatisnincreasingn the number of destination agents, the long-run
behavior of the economy is fully determined by initial conditions. Note that this argument
includes the case in which movement is costless or in which the costs of migration are fixed,
independent of intersectoral allocation. If rates of return adjust to going factor endowments
with alag, however small, agents will want to postpone their migration decisions to currently
unprofitable areas, until returns rise sufficiently to justify the move. With a continuum of
agents, this externality cannot be internalized, so that all equilibria with ahistorical steady
states are knocked out. In particular, adverse initial conditions are perpetuated. Thus, the
only equilibria that survive involve either perpetuation of the initial allocation or movement
to initially profitable area$.

Our observation is independent of the magnitude of discounting and of the degree of
responsiveness of returns (aslong asitis notinstantaneous). Thus by a minor and reasonable
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weakening of one of the assumptions in the literature, we obtain a class of models where
expectations are dwarfed by history, where initial conditions determine the final equilibrium.
Of course, if rates of return adjusistantaneouslythen expectations-driven equilibria are
possible.

Our claim is not that ahistorical equilibria are impossible but that, in this class of models,
in addition to the intersectoral agglomeration externalities, the migration technology is
crucial to understand the sources of such equilibria. The only way in which such outcomes
can occur is by introducing a cost to postponement—that is, by making future relocation
costs increase in the stock of settlers in our case.

Thus it appears (though we have not provided a formal proof of this) that in this general
approach, expectations can dominate history only through an interesting juxtaposition of
agglomeratiorexternalities in one sector (production) arwhgestiorexternalities in an-
other (migrationY. The reason that migrants might move to a currently unfavored sector,
despite the lag in the realization of externalities, is that a later move will involve a higher
cost. Itis in this sense that the technology of adjustment costs is crucial to the existence of
expectations-driven equilibrium.

4. Concluding Comments

Why some countries or regions develop and others do not crucially depends on when the
benefits from the investment/migration decision will accrue and how costly the move is. Itis
unclear that congestion in relocation is always a good assumption. To the extent that this is
the case, it may be difficult to invoke coordination games to explain some great migrations.
For instance, being one of the first settlers in the Far West was possibly far more costly than
arriving there later by train. In other cases, such as in the sudden growth of new cities in
developing countries, congestion may well be a reasonable postulate.

In a similar way, the results of this article shed some light on the problem of technology
adoption (see, e.g., Arthur [1984]; David [1985]; Chamley and Gale [1994]; Gale [1995]).
A technology already in place may be dominated by an alternative technology if the latter
is adopted by a significant group of firms. However, if these potential returns appear
only over time and the cost of adoption decreases with the number of entrants, everyone
waits for others to move first, negating the adoption of the technology even with forward-
looking agents. If, on the other hand, the costs of adoption increase with the spread of the
new technology, such equilibria are possibly sustainélleus society may gain by being
organized in such a way that being the first in the business matters.

The standardized role for intervention, which is weakened by the possibility of ahistorical
equilibria, may need to be reexamined. As usual, we may think of the government as
involved in the task of building up a critical mass in cases where history acts as a constraint.
But the focus of this article reveals another role as well. The initial losses that migrating
agents incur in moving to a poor region may be partially alleviated by subsidies (such as
tax holidays) in the hope of more than recovering the cost in future fiscal revenues. The
idea is to mimic or create the equivalent of congestion in the initial costs of relocation.
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Appendix A

Suppose thah workers in a region have productivigy, a,, ..., an. Leta be the av-
erage productivity. If individual productivity is not observed by competitive employers
and the production technology is linear with production coefficient normalized to one,
then the equilibrium wage will b&, where this is the expectation of average productivity
that employers calculate given common beliefs about the probability distribution of each
individual’s productivity.

Now suppose that the productivity of an individual is positively affected by meeting other
individuals that he has not met before. Specifically, suppose that every encounter with a
new individual adds to productivity.

Encounters take place in the following way. There is a Poisson process with given
parameter: whenever a realization occurs, two (or more pairs of) individuals are taken
randomly from the population and matched. A productivity upgrade occurs if and only if
a match is new.

Take as given the following initial conditions. Each individual located in the region at
date 0 has an initial productivith. There is some initial numbet(0) of such individ-
uals. Thereafter migration occurs as a functigh) that starts at time 0, jumps upward
periodically, and finally flattens out wherit) = N (think of N as total population).

The productivity of each individual is a random variable: for any such individattiate
t, g (t) = by +8m; (t), whereb; is the initial productivity of the migrant (which isfor the
original settlers at date 0), amd (t) is the number of new meetingshas had with other
incumbents in the region up to dateClearlya; (t) is a random variable that begins at the
initial productivity b;, exhibits jumps at random dates along its sample paths, and converges
almost surely to the value(ty) + §(N — 1).

We assume that each new migrant (after date 0) is initially housed by an incumbent
relative. These relatives are uniformly distributed among the incumbent settlers. The going
productivity of the relative is assumed to be instantly transmitted to the newcomer at the
time of migration. Thereafter, the new migrant becomes an incumbent with something
to teach as well as something to learn, exactly the same way as described in the previous
paragraph.

Leta(t) be the average productivity of all members of the region attjatiecoursea(t)
is stillarandom variable in its own right (with jumps on its sample paths). Itis easy to check
thata(0) = b and (given the assumptions about new arrivag)) increases up to the limit
b+35(N —1). Butemployers do not know the average productivity at tiidesure because
they do not know about the pattern of meetings that have occurred economywide, neither
do they know the pattern of initial matchings between migrants and relatives, which they
take to be random. Take the expectatioa@f n) at each dateusing the characteristics of
the underlying Poisson process; call thi). The (straightforward) proof of the following
fact is omitted but is available on request:

a(t) is a deterministic, continuous function of t, which starts at b and converges monoton-
icallytob+ (N — 1).
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Remark 1. The assumption that new migrants costlessly acquire the productivity of the
incumbents they go and live with, and thereafter proceed to teach and learn just as the
incumbents do, is used only to ensure that a jumpdoes not instantly (and temporarily)
lower expected average productivity at the date of the jump (as it would, for instance, if
new migrants came in with a productivity bf. (This sort of temporary downward jump,

it should be added, would only strengthen the results of the main model.)

Remark 2. As written down, this example is unrealistic and is meant only to capture the
process of intertemporal smoothing in the rates of return in the simplest possible way. In
particular, to completely fit our model, it should be the case that if there is migratibn

of the region, then productivity in the region should fall over time. This sort of extension

is easy enough to accomplish by putting in a depreciation factor for productivity that is
constantly compensated for by new encounters with other incumbents. Then it will be the
case that a lowering af will cause an economywide depletion of average productivity, as
encounters become fewer, and the economy must move down to its new steady-state level
of productivity.

Appendix B: Proof of Proposition 1

Consider the case in which(K (0)) < 0. The casef (K(0)) > 0 can be settled by a
parallel argument.

Fix any equilibriumy. We claim thatK (t) < K(s) for all t > s, which establishes
exclusive history-dependence.

Suppose this is false for sonteands’. Then, indeed, there is sorh@nds witht > s,
K(t) > K(s),and r(r) < Oforalls <t < t* for somet* > t (this last observation uses
the assumption that returns do not adjust instantaneously).

First note that

K(t*) > K(z) forall T € [s, t*]. 3

For suppose thisis not true; th&rt*) < K(t) forsomer € [s, t*). Becaus&K (t) > K(s)
by assumption and € [s, t*), we may conclude that there exigt, t,, ts} in the interval
[s,t*] such thatK (t;) < K(tp) > K(t3), whiler(z) < 0 for all t € [s, t*]. This means
that (at least) two costly switches between seétandB are optimal while sectoA earns
a higher return throughout, a contradiction.

Now return to the main proof. So far, we know that there is a positive measure of agents
betweens andt such that for each of them, at the timeof their move,V(y, B, t) —
¢s(K;) = V(y, A, 7). But for each such person, denoting the discount rate,lwe see
that

Vy,A 1)

v

eIV (y, B, 1) — Ea(K(19))]

\

t*
f e @ Ir(dz+ eIV (y, B, t*) — Ea(K(t)]

t*
> / e’ Ir(dz+e "IV (y, B, t*) — (K (1))
T
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= V(y, B, 1) — €s(K(1)).

The first inequality follows from the agent’s option to stay in Seckauntil t*, and then
switch. The second inequality follows from the fact that> 7 foralls < r <t and
r(z) < Oforallt < z < t*. The third inequality follows from discounting and (3), so that
ée(K,) > e ?'-D¢g(Ky+), and the last equality follows from the observation that that two
or more switches betweenandt* are clearly suboptimal.

Thus we have a contradiction to our presumptionth@t, B, ) —€g(K;) > V(y, A, 1),
which completes the proof.
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Notes

1. See also Fukao anceBabou (1993) in this context, and in a related scenario, Chamley and Gale (1994) and
Gale (1993).

2. Empiricalwork on such lags include the study by Henderson (1994), which reveals the specific lag structure with
which changes in own-industry employment affect growth in some manufacturing sectors (at the metropolitan
level). Literature on technology investment also stresses the fact that benefits from investment may take time
to flow (Farrel and Saloner, 1985; Katz and Shapiro 1986, 1992).

3. To be more precise, our assumption of a continuum of agents (as in the Matsuyama and Krugman studies)
allows us to handle arbitrarily small lags. If this is not clear now, it will be as soon as we state our main result.

4. Note that we do not a priori restrict it to be a continuous path, so that self-fulfilling jumps are, in principle,
permitted.

5. This is to be contrasted with the more recent work of Gale (1995) and Chamley and Gale (1994), where lags
also play a role.

6. This does not rule out multiplicity. It is possible, for instance, thdt(iK (0)) > 0, both the initial allocation
and a jump to the B region by everybody in A belong to a set of simultaneously sustainable equilibria. If
initially f (K (0)) < 0, there is always a unique equilibrium: either the initial allocation or the complete
abandonment of region B.

7. Inthe case where the adjustment cost depends diothef migration, it turns out that the existing literature
that we are aware of (see, for example, Kemp and Wan [1974]; Mussa [1978]; and Krugman [E88d a])
invoke congestion (rather than agglomeration) in migration costs.

8. Perhaps this explains why new software, such as Internet browsers, need to be given away, with prices rising
later as the number of devotees to that software swell.
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