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I. Introduction

This paper explores the behavior of the U.S. economy during the interwar years, with
particular emphasis on the Great Depression period. We do so from the perspective of
models in which the presence of a strategic complementarity leads to multiple steady state
equilibria and indeterminacy. Informal discussion of models with multiple equilibria often
point to the Great Depression as an example of a low activity level equilibrium. In this study
we take this view seriously using a particular model of multiple equilibria built upon
financial fragility.

In particular, we focus on the breakdown of the intermediation process which, as
argued by Bernanke [1983] and others, was key to understanding this period. As is
discussed by Friedman and Schwartz [1963], the Great Depression was characterized by
numerous bank failures, episodes of bank runs, a rapid fall in both the deposit to currency
ratio and the deposit to reserve ratio as well as a decrease in the ratio of loans to securities in
bank portfolios.! Bernanke argues that this collapse of the intermediation process was critical
for the length and depth of the Depression.

To study these issues, we specify a model in which confidence in the intermediation
process plays a central role in the decision making of optimizing agents. Due to
complementarities in the intermediation process, the economy can have either a relatively
active (thick) or inactive (thin) financial system. We use a sunspot approach to resolve this
indeterminacy and explore the implications of such an equilibrium for key aggregate

variables. Thus our ultimate goal is to characterize the macroeconomic implications of a

! Friedman and Schwartz {1963] provides a detailed discussion of the behavior of both real and financial variables over this period.
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2
model in which fluctuations are driven by periods of optimism and pessimism associated with
the returns from financial intermediation. In doing so, we are able to evaluate the
predictions of the model for non-financial variables.

Our emphasis on regime shifts due to multiple equilibria and the role of
intermediation shocks is partly motivated by Figure 1. This figure displays investment along
with the unexplained component of investment from the linearized real business cycle model
of King, Plosser and Rebelo [1988] in which the capital stock and the Solow residual serve
as state variables.”? The linear relationship of this real business cycle model appears not to
fit very well over this period. In particular, the 1930-35 investment experience in the U.S.
economy is largely unexplained by variations in the Solow residual and the capital stock.
Note too that there appears to be a non-linear structure to the residuals. This issue of a
regime shift, suggested by these figures and Coe [1995], is taken up in considerable detail
later in the paper.

To better approximate the behavior of investment and other aggregate variables, our
model adds two features to the standard model. The first is the prospect of a regime shift
arising in an economy with multiple equilibria. This allows us to capture the non-linearities
in the data. The second is the addition of financial crises, motivated by Bernanke [1983].
The question is whether the addition of financial instability through the multiple equilibrium

approach is able to explain the movements in investment, output and consumption during this

period.

2 The data are in per capita terms and have been converted to per cent deviations around a linear trend. The Solow residual was calculated
using a labor factor share of .65 which is appropriate for this time period. From the King, Plosser and Rebelo calibration of the "Long-
Plosser Model with realistic depreciation”, the coefficient on capital was .629 and that on the Solow residual was 4.73.



Our model displays many of the properties of other models in which strategic
complementarities play a central role.> As is common in models with strategic
complementarities, the steady states can generally be Pareto-ranked leading to the possibility
of coordination failure. In contrast to single agent models, while there are $100 bills lying
on the sidewalk in these economies, it takes the coordinated efforts of multiple agents to pick
them up. Further, our model economy generates persistent fluctuations without requiring
the presence of serially correlated shocks to exogenous fundamentals. To us, these features
are consistent with interpretations of the Great Depression: the breakdown of the
intermediation process was a coordination failure that persisted until actions were taken by
the Government to bolster confidence. The fact that similar episodes have not been observed
since the Depression attests to the powerful role played by deposit insurance introduced in
1934 ¢

In terms of quantitative implications, our model reproduces many features of
aggregate fluctuations including consumption smoothing and large movements in investment
relative to output. However, the breakdown of the intermediation process creates a negative
correlation between consumption and investment and a highly volatile capital stock, in
contrast to observation during both the interwar and post WWII periods. Modifications to
the model, through the additions of consumer durables and a capacity utilization choice, do
not alter these implications. The model does capture many aspects of the Great Depression

though relative to observation the predicted fall in investment is too big and hours do not fall

? See Cooper and John [1988] for s discussion of macroeconomic models with strategic complementarities and multiple equilibria.

* Gordon {1986] discusses the important stabilization role of deposit insurance in his introductory comments on the changing structure of
business cycles.



enough.

The paper also makes a number of methodological contributions. First, it continues
research on the quantitative implications of models in which sunspots play a prominent role
as a source of fluctuations.® Second, the paper provides a model of regime changes which is
complementary to some recent work, discussed further below, on non-linear time series.

I1. Model

We consider an economy which is an extension of the stochastic growth model used,
for example, by King, Plosser and Rebelo [1988] to study aggregate fluctuations. In
particular, households in our economy work, obtain consumptions goods and accumulate
capital. The unique feature of our approach is to consider a stochastic capital accumulation
process which reflects the strategic interaction of agents. In our economy, the strategic
interaction can generate a multiplicity of equilibria and thus an endogenous source of
fluctuations that impacts accumulation directly.® We provide two ways of thinking about
these interactions across agents: returns to scale by intermediaries and bank runs.

The first approach draws upon the contributions of Bryant [1987] and Weil [1989]
who emphasize the existence of multiple equilibria in one-shot games where the returns to
savings by a representative agent is an increasing function of the average level of savings in
the economy. In other words, these models assumed a "production externality” in the

accumulation process, not unlike that used in Bryant [1983] and Baxter and King [1991].

! In sddition 10 our previous work, the papers by Beaudry and Devecsux [1993] and Farmer and Guo [1994] also consider the quantitative
implications of sunspots. In thoeo papers, the sunspot equilibria are created as a randomization in the nsighborhood of a particular steady
state while our randomization is across the neighborhoods of two distinct steady states so that regimes changes are more apparent.

¢ This emphasis on shocks to the process of accumulation was previously explored by Grecawood, Hercowitz and Huffman [1988). In our
snalysis, we offer a different source for these shocks and relate the properties of the model to a different period of U.S. macroeconomic

history.
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A static example, along the lines of Bryant [1987] and Weil [1989], is to consider the
savings decision of an agent who lives for 2 periods, consuming in both and endowed with
the single good in the first period. Let s(r’) be the savings (deposit) function of the
representative individual where ¢ is the real return offered by the intermediary. The
numerous depositors simultaneously decide on the level of saving they direct to the
intermediary. Denote by S the aggregate flow of savings (deposits). The intermediary is
competitive so that r’ is the return on investment. The critical assumption in the analysis is
that r* is an increasing function of S. Thus the per capita level of savings is an increasing
function of the aggregate level of savings through s(® (S)). So, as in Cooper-John [1988],
multiple symmetric Nash equilibria can arise.

While Bryant and Weil are not specific about the source of this returns to scale, one
model of the increasing returns to scale comes from the role of intermediaries in the
evaluation and monitoring of projects. Suppose that there are two types of investment
projects. A fraction x return r>Q with probability 1 and the remainder fail with certainty.
Individual investors or the intermediary can choose to invest in projects without expending
resources on ex ante project evaluation yielding an expected return of xr. Alternatively,
intermediaries can evaluate projects and select only those that will succeed. Assume that the
costs of evaluation are described by a fixed cost C. Then the returns, if evaluation occurs,
per unit investment are r(1-(C/S)). Clearly, there is a critical value of S given by S*=C/(1-
x) such that project evaluation is optimal iff S=S*. Thus the returns to scale stemming

from the fixed costs of project evaluation give rise to a return stream for an intermediary that



is increasing in its level of activity.’

Moreover, switches across regimes have implications for the gap between deposit and
loan rates. In an equilibrium with a low level of aggregate deposits, the gap between the
loan rate (r) and the deposit rate (#1) is (1-x)r. In an equilibrium with a high level of
deposits and thus project evaluation, the gap is (C/S)r. From the conditions for an
equilibrium with evaluation (1-x) > (C/S) implying that the gap between loan and deposit
rates falls in periods of high intermediated activity.

Instead of analyzing a model with increasing returns to the intermediary, consider the
bank runs model of Diamond and Dybvig [1983]. This is essentially a static framework in
which depositors decide, as a function of the choices of other current depositors, whether to
withdraw their funds. The Diamond-Dybvig model provides conditions for fragility of
intermediated investment when there is private information about the liquidity needs of
depositors.® This is a useful structure for thinking about bank runs during the Depression
period as well as the optimism generated by the introduction of deposit insurance in 1934.

Fitting this bank runs model into our economy would require us to create a dynamic
version of the Diamond-Dybvig model and to modify the stochastic growth model to allow
for liquidity needs. Freeman [1988] accomplishes this by essentially requiring generational
autarky while Fulghieri and Rovelli [1995] analyze the steady state of an economy in which
intermediaries facilitate flows across generations within a 3-period overlapping generations

models. Neither of these papers tackles the issue of analyzing bank runs in a dynamic setting

"Clearly this example is extreme in that there are no marginal costs of evaluation and no congestion effects at all. 8till, the presence of
fixed costs of evaluation seem quite reasonable in that expertise in some project svaluations surely spillover 10 other evaluations.

*Essentially the contracts offered to depositors by the intermedisry creates a strategic complementarity in the withdrawal decisions of
depositors.



in which the withdrawal choices of current depositors and the savings decisions of future
generations would be jointly analyzed. A formal analysis along these lines is outside the
scope of this paper. For our purposes, the loss of confidence in the intermediary will cause
both current deposits to withdraw funds and future depositors to be pessimistic about
intermediary. As a consequence, intermediaries will invest through a more liquid low return
technology (see Diamond-Dybvig for a description of this choice) until confidence returns.
Since returns are lower, so are deposits into the intermediaries. This model, which we have
only outlined, appears to have a structure similar to the increasing returns model in that a
financial crisis leads to lower flows through the intermediary and lower returns to depositors.

Our formal analysis explores the dynamic stochastic implications of the models
proposed in Weil and Bryant by simply imposing increasing returns at the level of an
intermediary.® Moreover, we follow the lead of Boyd and Prescott [1986] by modeling the
process of intermediation through the choices of a coalition of agents brought together each
period. Boyd and Prescott stress the importance of incentives within the coalition while we
focus on the implications of nonconvexities in the return stream of the intermediated activity.
We have chosen to simplify our modeling of the financial sector to enable us to focus more
thoroughly on the non-financial implications of the model.

Following the specification we considered in Cooper and Ejarque [1994], suppose that
private agents can accumulate using either a low retumn, zero fixed cost technology or a high
marginal return but positive fixed cost technology. The former represents a backstop

technique for accumulation, representing the returns from poorly evaluated projects or

* Thus our model is entirely seif-contained in that there are no arbitrary assumptions about behavior given this technology.



perhaps a mattress full of fiat money.!® The latter is our representation of an active
intermediation process involving the evaluation and monitoring of risky loans. The choice of
these two techniques for accumulation is simply a convenient way to approximate the non-
linear return streams assumed by Bryant and Weil.

The economy is initially parameterized so that the strategic complementarity leads to
multiple equilibria at all points in the state space.!! That is, regardless of the current level of
capital, a representative agent will choose to accumulate through the intermediary if all other
agents accumulate in this manner and, similarly, will use the less efficient technology if all
others do. To obtain this result, we assume that the fixed cost of intermediation is relatively
low if all others accumulate via the intermediary and is prohibitive if a single agent uses the
intermediation technology. The first type of restriction gives an equilibrium with
intermediation while the other gives an equilibrium with no intermediation. We then
consider other parameterizations in which the multiplicity arises only in a subspace of the
state space which leads, in our economy, to the existence of deterministic cycles.

The model is closed by assuming the existence of a sunspot process that coordinates
the choices of agents on a particular outcome. Thus the coordination failure in this economy
concerns the nature of the accumulation process rather than contagion effects in which a local
run spreads throughout the economy.!?

Given that our agents are assumed to be identical and that the sunspot variable is

™ While our formal model does not include fiat money, this low retum technology nonstheless represents a non-intermedisted meana of
transforming goods over time which is essential to any store of value.

'! To be careful about terminology, these multiple equilibria are for a particular value of the state variable and thus pertain to multiplicity of
equilibria in the stage game.

2See Smith [1991] for a discussion of contagion effects.



aggregate, the Nash equilibrium of this economy can be conveniently represented as the
solution of a stochastic, dynamic programming problem. V(k,6), the value function for a
representative agent with capital k when the realization of the sunspot variable is 8, solves:

V(k0) = max U(ftk,n) -1,n) + PEysV(8(J,0)+K(1-3)),6)
ILn

where 1)
I(1+) if 6=6,
8(1,0) = -
(I-F)(1+r) if 6=0,.
In this specification, the current utility payoff depends on current consumption of non-
durables and employment. Consumption of non-durables flows from current output less the
investment in the accumulation of capital.
The evolution of the capital stock reflects the undepreciated stock plus the new flows.
The effect of the sunspots, represented by 6, comes into the problem through the
accumulation equation, g(I, 6)."* If 6=6,, depositors are pessimistic, deposit flows are low
and the return from investment (in terms of future capital) is (1+1). If 8=0,, depositors are
optimistic and deposits flows are large enough that the coalition pays a per capita fixed cost
of intermediation (F) to obtain a marginal return (1+1). Naturally, t>r so that the
marginal return on investment is higher in the technology with the fixed cost.!* Thus it is

new investment flows into physical capital that are influenced by the current state of

intermediation.

YNote that at this point the model is observationally equivalent to a model in which there are fundamentals driving the returns to
intermediated activities. We return to the poirt of how one can distinguish these models later in our discussion of confidence building
measures.

" The model described earlier would have (1+ t)=1and (14+ 1) = 1.
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To use this dynamic programming problem to study our economy, we need to
establish the existence of a sunspot equilibrium. For this economy, Proposition 1 states that
there exists a V(k,8) which satisfies (1). Proposition 2 shows that for all k in the relevant
state space, there are multiple equilibria for small enough values of F.!"* Proofs are provided

in the Appendix.

Proposition 1: There exists a V(k,0) that satisfies (1).

Proposition 2. There exists a value of F such that V(k,0,) # V(k,6,) for kE« .

Proposition 2 is the key result in terms of the multiple equilibria. The proof of the
proposition identifies a critical value of the fixed cost (F') such that multiple equilibria exist
in the static game for all values of k in the relevant state space, x. If F is smaller than F°,
then multiple equilibria of the static game will still exist since an individual will choose
intermediation over the alternative whenever the cost of intermediation is less than F°. On
the other hand, if F>F", there may exist parts of the state space in which intermediation is
sub-optimal for any individual agent, regardless of the choices of others. In this case, the
choice of the backstop technology is a dominant strategy and sunspots are irrelevant in this
region of the state space. However, as we discuss below, cycles may emerge.

Before proceeding to the quantitative analysis, it is instructive to briefly look at the

first order conditions of this problem, given by:

*Here we limit the state space of capital to lic in the set x which is the interval between kg and k] where k; satisfies k; =k*(k},0, for j=o0,p.
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The first equation equates the marginal rate of substitution between consumption and work
with the marginal product of labor and the second equation is the Euler equation. Since
there are no productivity shocks in the economy and the capital stock is predetermined, the
intratemporal condition implies that generally consumption and employment will move in
opposite directions in response to, say, interest rate or wealth variations.'® Thus, not
surprisingly, one issue that arises in an economy driven by intermediation shocks is the
potential for a negative correlation between consumption and employment, a point we
comment on in some detail below.

Further, from the Euler equation, we see that variations in the return to
intermediation, both current and future, directly influence the accumulation decision. In
particular, as the intermediation process becomes more productive, individuals will substitute
toward future consumption and away from current consumption. This will tend to create a
negative correlation between intermediated and non-intermediated activities and will become
a central issue when we relate the implications of our model with observations. Note also,
that variations in the returns to intermediation appear in (4) as shocks to the Euler equation.
In some accounts of the Depression period, for example Hall [1988] and Temin [1976]}, there

is an emphasis placed on unexplained variations in consumption which perhaps can be

* This is a point put forth by Barro and King [1984] as an argument for why fluctuations must entail procyclical wage if preferences are
time separable. As discussed by Benhabib and Farmer [1994), if there are, for example, large external returns 1o scale in the production
function, then even with separable preferences, consumption and employment could become positively correlated.
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attributed to changes in the returns to intermediation.

III. Quantitative Implications

Our quantitative analysis of this economy utilizes the policy function generated by the
solution to (1). For the analysis, assume that U(c,n)= log(c) + vliog(1-n) and that the
production function is Cobb-Douglas, f(k,n)=k®n'. The parameter v is set so that the
fraction of time working in our economy is 20%.!” Further set labor’s share to .65, which is
consistent with observations over the 1920-40 period. From Gordon and Veitch [1988], the
annual rate of capital depreciation is 10% and the discount rate of the representative agent is
set at .9. The differential in the marginal returns from the two accumulation technologies is
set at 3%, with 1+t=1 and 1+r = .97."® Finally, we assume that the sunspot variable is
highly serially correlated: Prob(f,,,= 6;|6,=6)=.9 for j=o,p. Since the last component of
our model is not directly tied to observations, we experimented with the robustness of our
conclusions to variations in the transition matrix describing the sunspots and the interest rate
gap. Our basic results did not change.'

The numerical approach is to discretize the state space for capital and the choice

space for labor and, through value function iteration, characterize the solution to (1) as well

" This is 8 common benchmark in studies of the post-war period though the sctual fraction of hours wocked, from series 803 from pg. 169
of Historical Statistics of the United States, might be a bit higher during the interwar period. In fact, for our economy with durable goods
we take a figure of 24 % which is closer to observation for the period under study.

1% With this spread in the marginal returns, the difference between the kS and k; is about 10%, which is large enough to accommodate the
capital stock variation observed during the Great Depression.

19 We considered a case in which the sunspots were iid and another in which optimism wss more persistent than pessimism. The resulting
policy functions were quite similar to those from the baseline model.
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as the associated policy functions.?? The policy functions, which determine the future capital
stock and the level of employment given the realized value of the sunspot variable and the
current capital stock, k'(k,f) and n(k,f) respectively, form the basis for the simulations of the
model. The properties of other relevant aggregate variables, such as consumption, output,
productivity etc. are determined from these simulations.

From Figure 2a, the capital accumulation process implies that, for given 8, increases
in the current capital stock lead to higher future capital. Further, for a given current capital
stock, the switch from non-intermediated to intermediated accumulation implies a higher
level of the future capital stock. From Figure 2b, the employment level is a decreasing
function of the k given 6. This is a common feature in the stochastic growth model (see
King, Plosser and Rebelo [1988] for a detailed discussion) and reflects the response of
employment to changes in the interest rate as capital is accumulated. Note too that as the
returns to accumulation increase, so does employment: n(k,6,) >n(k,8,) for all k.

Figures 3-5 illustrate various series from 100 periods of a 2000 period simulation of
the model economy. From Figure 3, the path of the aggregate variables reflect two forces.
The first is the infrequent shifts in the sunspot variable associated with changes in the
accumulation process. Within a regime, the second force is the transition to the state-
contingent stationary level of the capital stock. The interaction between the transition and the
regime shifts creates the complex dynamics displayed in the figures and the pattern of
correlations discussed below. When there is a regime shift, say from 6, to 6, as in period

121, investment increases to take advantage of the high returns to accumulation while

% The state space for capital has 471 elements and there are 91 choices for labor. The choice space was not restrictive in the sense that
choices were not st the boundaries.
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consumption is temporarily reduced to finance investment. During the subsequent
accumulation process (displayed in Figure 3), consumption rises and investment falls (as in
Figure 4). Further, hours worked initially rises when the state changes to 6, and then fall as
capital is accumulated, reflecting the decrease in real returns.

Two rates of return for the economy are displayed in Figure 5. One is the ex post
return on loans given by R= f, + ((1-8)/(1+r(8’)). This is the lending rate of the
intermediary in terms of future output. A second is the average return from the
intermediary, r*=R(1-F(8)/)(1+1(8)) where I is the per capita investment level and F(8) is
the fixed cost of intermediation when the current state is 8.2 This is a deposit rate for the
coalition of agents forming the intermediary. Note that both returns are countercyclical. So,
for example, the increase in r(8) as the economy goes from pessimism to optimism, reduces
the value of undepreciated capital which forces R down. The consequent rise in the capital
stock lower f; so that R continues to fall. From the figure, it is also apparent that the gap
between lending and deposit rates is countercyclical, reflecting the greater productivity of the
intermediation process during periods of optimism.

Table 1 presents basic statistics from this 2000 period simulation for these real (in
logs) and financial variables.? The calculations in the first row of the table are for the entire
simulation period and hence ignore the fact that regime switches occur during the

experiment. Thus the statistics reported here pertain to the movement of variables both

2 Of course, F(§) = O when 0, is realized. This is not a marginal return on intermediation but is the average return if the intermediary
liquidates its holdings afier | period and each agent invests, in the symmetric equilibrium, the same level 1.

2 The variables are: consumption (C), hours (H), Investment (I), Prod (average labor productivity), R (leading rate) and f(return on
intermediated deposits). Note that I is defined here as output less consumption. The behavior of investment net of the fixed intermodiation
costs is not very different from the measure reported here.
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within and across regimes. The second and third rows of the table perform the appropriate
sample split so that these statistics capture the behavior of aggregate variables within the two
regimes.

From these correlations and other statistics, note that the predictions of this model are
quite similar, in many respects, to the statistics produced by real business cycle models in
which fluctuations are driven by technology shocks. Over the entire sample period, we see
that the major aggregate variables are all positively correlated with output and productivity is
procyclical. Further, the model displays consumption smoothing in that consumption is less
volatile than output. Note too that investment, measured here as output less consumption, is
more volatile than output.” Finally, the economy exhibits serial correlation in output close
to 1 due to the serially correlated shocks to beliefs and the dynamics of the adjustment
process.

There are some aspects of the simulated data which, as we discuss below, do not
match up with observation. First, the capital stock has a standard deviation of about 2.5
times that of output.” Second, consumption and investment are negatively correlated (-.30)
as are consumption and hours (-.45).

From the figures presented earlier, it is clear that these correlations reflect both
changes in regimes and the transition of the economy within a regime. The other rows of

Table 1 present the statistics for our simulated economy when we split the sample by regime.

I This is also Lrue if we measure investment as net of the fixed costs of intermediation.
» Cooper and Ejarque (1994] report that in u linearized economy with iid intermediation shocks, the serial correlation in output is about .75.
3 The careful reader will note though that our capital includes in it variations in returns 1o investment and thus is different from the usual

measures of the capital stock generated by adding investmeat flows 10 an undepreciated stock. We can reproduce this alternative measure of
capital in our simulations and we still find that the standard devistion of capital far excoeds that of output.



16

Note that the patterns of comovements change dramatically. In particular, consumption and
investment move in opposite directions within a regime. At the time of a regime switch to
active intermediaries, there is a burst of investment that is partially funded by a temporary
decline in consumption. As the capital accumulation proceeds, investment falls and
consumption and output both rise. Further, output and hours move in opposite directions as
well, which is evident from the intratemporal optimization condition. Thus a model with
regime changes has implications for the data within a particular regime that can be quite
different from the observations across regimes.

A key component of the parameterization was the choice of the fixed cost, F. For
these simulations, F was sufficiently small that, following Proposition 2, there was a
multiplicity of equilibria at all points in the capital state space.® Suppose instead that the
fixed cost was increased so that for low levels of investment, accumulation through the
intermediary was undesirable even if all other agents saved in this fashion. In this case,
sunspot equilibria might arise in only a subset of the state space. Since low levels of
investment occur in the neighborhood of the state-contingent steady states, sunspot equilibria
near the optimistic steady state may disappear.”

Figure 6 displays the capital policy functions, k'(k,6) for 6=0,, 6,, for a value of the
fixed cost that is a multiple of the value used before. The pessimistic policy function is
similar to that displayed in Figure 2a. Note though that the optimistic policy function jumps

at a capital stock below k;, where k; is the optimistic steady state determined by

¥ This property was confirmed as part of our simulation by computing the returns to investing in each of the technologies.

T Here we associale sunspot equilibria with the confidence of agents in the intermediation process rather than with their choice of
accumalation technology.
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k;=k’(k;,0,). The break occurs because investment, which is a decreasing function of k, is
sufficiently low for k near k; that it is not worthwhile to pay the fixed intermediation cost
regardless of the choice of others. Thus, even though agents are optimistic, they nonetheless
choose to save through the non-intermediated technology. This jump in the capital policy
function produces a cycle in our economy.
IV. Macroeconomic Reality

Our goal in this section of the paper is to provide evidence on the behavior of key
macroeconomic variables in the interwar period (1921-41) with particular emphasis on the
Depression period. We use these statistics to evaluate our model and more generally to
examine the question of whether the interwar and post WWII periods differ.
A. Real Variables

Table 2 provides basic statistical information on U.S. macroeconomic aggregates for
different historical periods. For this row, consumption is purchases of non-durables and
services and investment is gross fixed investment. The first row is taken mainly from King,
Plosser and Rebelo [1988] and summarizes post WWII data. To compute these statistics,
the raw data was converted to logs and then linearly detrended. The statistics reflect the well
understood patterns of business cycles: consumption smoothing relative to output, investment
more volatile than output, persistent fluctuations in output and positive correlation of all
variables with output. Further, for this period, the correlation of consumption and

investment is positive and the standard deviation of the capital stock is less than that of

* Azariadis and Smith [1994] also provide an example of an endogenous cycle in the intermediation process. In their economy, there is a
moral hazard problem whose severity depends on the state of the system. For low values of the capital stock, the incentive constraints
associated with the moral hazard problem are not binding and the economy accumulates capital. For high values of capital, the incentives to
cheat are stronger and incentive constraints bind. For their economy, this leads to a cycle.
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output.

The second row of Table 2 uses an alternative data set created from Kendrick [1961].
Here the data is annual and covers the period 1921-41.% Figure 7 plots real output,
consumption (excluding durable expenditures) and investment (excluding inventory changes)
over this period. The positive comovement of these series is evident from both the figure
and the table. Further, note from the table that the capital stock is less volatile than output
over this period.

With regard to productivity, Kendrick [1961] provides an exhaustive study of the
patterns of productivity, including the interwar years. Figure 8 plots total factor productivity
and output obtained from Kendrick [1961].% The procyclical nature of productivity is quite
clear: between 1929 and 1933, the total factor productivity index fell about 12%. More
recently, Bernanke and Parkinson [1991] confirm this finding of procyclical productivity in
10 U.S. manufacturing industries during the 1923-39 period. This result, they argue, casts
doubt on the role often ascribed to total factor productivity shocks in explaining aggregate
fluctuations unless one argues that the Depression was a consequence of technological
regress.”! Instead, the procyclical nature of productivity could reflect labor hoarding or some
form of increasing (external or internal) returns to scale.

Relative to the entire interwar period, the Depression period does not stand out as a

¥ The data for output, consumption and investment is from Table A-Ila, the data for capital (privats non-farm) is from Table A-XV and
the hours data (private non-farm) is from Table A-X in Kendrick {1961]. The breakdown of consumption into its components is from
Kuznets [1941). We analyzed the data after computing per capita valuss and linsarly detrending the observations using s commoa
productivity trend as in King, Plosser and Rebelo.

% Average labor productivity is also procyclical over this period.
"Bernanke and Parkinson argue strongly against the view that exogenous variations in total factor productivity were the cause of the

Depression though they recognized that other real factors (such as the productivity of the intermediation process) may be important. The
issue, of course, is to link these other "real shocks® to the observed procyclical productivity.
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time in which the behavior of the macroeconomy, characterized by the few basic statistics
presented here, was obviously different than the post WWII or interwar periods. Of course,
the magnitudes of changes in these variables was quite large during the Depression period
relative to the latter period.

B. Financial Variables

The financial events of the Depression were the motivating features of this study and
were extensively documented in the historical study by Friedman and Schwartz [1963].
Bemanke [1983] and Mishkin [1978] also stress the importance of financial factors for firms
and households. The main features of the financial sector during this period are the bank
runs starting in October 1930 and ending in March 1933. Associated with these runs were
dramatic changes in the currency/deposit ratio and the loan/deposit ratio. As documented in
Friedman and Schwartz [1963,Chart 31], the deposit/currency ratio fell from 11.57 in
October 1929 to a low of 4.4 in March 1933. The loan/deposit ratio fell from .86 in
October 1929 to a low of .44 in August 1934.%> Bernanke [1983, Table 1] documents the
substantial contraction in commercial bank loans over the Depression period. In October
1931, for example, the reduction in loans was about 31% of personal income.

In addition, the behavior of interest rates is quite important during this period. As
documented in Friedman and Schwartz [1963] and Bernanke [1983], a sizeable gap emerged
in the Depression period between the returns on relatively risky corporate debt and
government securities. This is often viewed as a consequence of the flight to quality by

lenders. Further, from Hamilton [1987], real interest rates rose during the Depression

® The figures are from Table 48 from i Statistics: 1914-1941, Board of Gavernors [1943].
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period.
Of particular importance to our model of financial instability are the steps taken to
restore confidence in the banking system. The Banking Act of 1933 contained the main
element that led to renewed confidence in the banking system: deposit insurance. As argued

by Friedman and Schwartz [1963,p.434],

"Federal insurance of bank deposits was the most important structural change in the
banking system to result from the 1933 panic, and, indeed in our view, the structural
change most conducive to monetary stability since state bank note issues were taxed
out of existence immediately after the Civil War."

V. Evaluating the Model

A. Interwar period

The first means of evaluating our model comes from a comparison of the behavior of
the artificial economy summarized in Table 1 with the data given in Table 2. We then turn
to our own account of the Depression period.

How well does our model do in matching the basic features of the data? Comparing
the first row of Table 1 with the second row of Table 2, the pooled data from our simulated
economy is broadly consistent with observations on consumption, hours and investment. In
particular, our model displays consumption smoothing, procyclical employment and
investment which is more volatile than output. In fact, our investment series has a fairly
large standard deviation relative to output (compared to, say, the simulated moments reported

for the real business cycle model in King, Plosser and Rebelo) which is in accord with

observations for the interwar periods.



21

As noted earlier though, the negative correlations between investment and
consumption and between hours and consumption are not found in the interwar data.

Further, the capital stock is less volatile than output for both the interwar and post WWII
periods.

One possible explanation for these differences is that other factors, such as total factor
productivity (tfp) shocks, might also be influencing the economy and thus creating some of
the positive correlation observed. That is, perhaps we are asking too much of our model to
have it explain the entire interwar period through a single regime shift in the 1929-34 period.
To deal with this issue, we extract both tfp and the capital from the consumption and
investment series, using the calibrated model of King, Plosser and Rebelo, and look at the
correlations of the residuals.®® We find that the residuals of consumption and investment are
negatively correlated (-0.21) over the interwar period.

For our economy, we have neither labor hoarding nor increasing returns to scale in
our theory model. Thus, in our economy there should be no fluctuations in total factor
productivity. In both economies, average labor productivity is positively correlated with
output when the observations are pooled across regimes. Within regimes, when the
intermediation process collapses, the capital stock falls, output falls and the real interest rate
rises along the transition to k;. During this adjustment process, employment is higher and
hence average labor productivity is lower. Thus, we tend to obtain the prediction of
procyclical productivity within a regime because hours are not positively correlated with

output.

% As in the discussion of Figure 1, the point is to see whether the fluctuations in the varisbles that remain afier exiracting the influence of s
real business cycle model have properties that conform o our model.
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With regard to the financial facts listed earlier, our intent was to construct a model
which captured these basic features of financial data and then to evaluate its implications for
real variables and other financial variables. Thus, our pessimistic equilibrium, in which
savings is not intermediated and has a low return, captures both the substitution of savings
away from intermediaries (the increased currency/deposit ratio) and the relative inefficiency
of the intermediation process (the fall in the loan/deposit ratio). It is certainly true that the
actual financial collapse was less severe than the pessimistic outcome of our model in which
there is no intermediated savings. This is partly an issue of interpretation since the non-
intermediated technology could be intermediated accumulation through a set of relatively
high-risk, low-return loans. Further, one might be able to extend the model to allow for
some heterogeneity with regard to deposit decisions so that pessimism is associated with low,
rather than zero, levels of activity. As noted earlier and displayed in Figure 5, a gap does
occur in our model between loan and deposit rates which is greater in periods of low
intermediation activity due to higher default rates.

Last, but not least, our theoretical model stressed non-linearities arising from regime
shifts. Thus one way to evaluate that model is to search for regime shifts over this period
and see whether they correspond to drastic changes in financial market activity. Cooper and
Durlauf [1993] analyzed the behavior of industrial production over the 1923-91 period and do
find regime splits within the sample period, particularly in the interwar period.*

Coe [1995] tests a regime shift model for the interwar period using a three state

% As noted earlicr, tho marginal return during pessimism is less than one reflecting, according to our simple model, losses due 10 bad
loans.

¥ See also Dagsvik and Jovanovic [1991].
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Markov process, along the lines of Hamilton [1989], to analyze the behavior of the deposit-
currency ratio and a "default premium”, measured as the gap between the yield on long term
government bonds and "risky" corporate bonds. In contrast to our two-state sunspot model,
Coe allows for three states: calm, crisis and collapse. He finds that a state of financial crisis
first began in late 1930. While in late 1932 and early 1933 there was some movement back
to financial calm, it was not until early 1934 that financial stability was restored.
Interestingly, these regime shifts fit the period of bank runs starting in late 1930 rather than
the stock market crash of late 1929.

Complementary to these findings, we have analyzed the linearly detrended per capita
series created from the data reported in Kendrick [1961] by allowing for a regime shift in
each of the three series. Following Coe, we first tested for a regime change over the 1931-
33 period. We rejected the hypothesis of a regime change for output and investment and
could not reject the hypothesis of a regime shift in consumption.*® We then broadened our
search for regime shifts and could not reject a regime change over the 1932-35 period for all
three series.”” For all of these regressions, the coefficient on the regime in the investment
equation was quite large in absolute value relative to the coefficients in the output and
consumption equations. This is consistent with our theory in that, as illustrated in Figure 4,
swings in investment are quite pronounced at the time of a regime shift.

From the perspective of our model, the introduction of deposit insurance can be

interpreted as a regime shift in which pessimistic beliefs are replaced by optimism around

For investment and output, the coefficient on the regime variable was negative (the dummy was set at 1 during the crisis) but had t-
statistics below 1.3. For consumption, the coefficient on the regime varisble was significantly negative.

37 Further, we cannot reject a break from the 1929-33 period using s Wald test for the joint significance of the regime change dummies on
consumption, investment and output.
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1934. From Figure 7, we see that 1933 was certainly the low point of the Depression:
output, consumption and investment all rose from 1933 to the downturn of 1937. Data from
Kendrick [1961] indicates that the capital stock hit a low in 1935. These observations are
consistent with the predictions of our model: following a regime shift, the capital stock,
consumption and output should all rise together.

It should be noted that the behavior of investment in our model is much more
responsive than in the data. From Figure 4, a shift from optimism to pessimism causes a
huge drop in investment and then investment starts to increase even within the pessimism
regime. Likewise, the model predicts a large investment burst at the start of optimism.
These dramatic movements in investment across regimes is not apparent in the data, perhaps
reflecting some costs of adjusting the capital stock too rapidly.

Finally, it is worthwhile to consider the point made earlier that a competing
interpretation of our model associates fundamental shocks to the intermediation process
instead of the sunspot process studied here. While it is true that these models are
observationally equivalent, it seems natural to us to associate both the bank runs in the early
1930s and the financial calm that arose following the bank holiday in 1933 as reflecting
changes in confidence. Otherwise, one must argue that there are apparent changes in the
technology of the intermediation process that occured during this period.*

B. Other countries and times
Building on Bernanke [1983], Bernanke and James [1991] study the importance of

financial disruptions in determining the output of other countries in the interwar period. As

38\ ote that the nonlinearities we uncover cannot be due to variations in the Solow residual since that has been taken into account ia the
regression analysis.
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summarized in their Table 2.7, many other European countries experienced banking crises,

such as runs, between 1929 and 1936. Using a panel of 21 countries over the 1930-36
period, they find that dummy variable for financial panics is quite large and highly
significant. While it is beyond the scope of this paper to use our model to study these other
economies in detail, the analysis of Bernanke and James does highlight the point that "regime
shifts" were not exclusively experienced in the U.S.

Moreover, the 1930-33 period was certainly not the only time of financial crisis in the
U.S. As discussed by Friedman and Schwartz [1963], the U.S. experienced a number of
major banks runs during the 1870-1930 period. Williamson [1989] provides some evidence
linking these panics in the U.S. to detrended U.S. output over the 1870-1923 period.
Williamson reports that the correlation between bank failures and output is about -.25.
Again, looking for regime shifts during these periods and exploring the comovement of other
macroeconomic variables would be of considerable interest.
C. Extensions of the Basic Model

Overall, the models of financial fragility constructed in this paper capture some but
not all of the behavior of the U.S. economy during the interwar period. There are two
aspects of the model that are inconsistent with observation over the entire interwar period:
the negative correlation between consumption (or at least a component of it) and investment
and the excessive volatility of the stocks of durables and capital predicted in the model.
These features arose in Cooper and Ejarque [1994] as well for many of the reasons suggested
by Greenwood, Hercowitz and Huffman [1988]. Part of the purpose of the present paper

was to see if these aspects of the models were consistent with observations during the
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interwar period since the other papers had focused on the post WWII period. We now

discuss two modifications of the paper that may help to deal with these problems.*
1. Durable Goods

The economy we have studied so far misses an important element in the interaction
between financial variables and real economic activity. In particular, durable consumption is
a very volatile element of consumption and is generally responsive to financial conditions.*
This is certainly true for housing purchases but also for the purchase of many consumer
durables, particularly automobiles. In fact, during the years prior to the Depression period,
a significant fraction of automobile purchases were through credit arrangements.

Moreover, with regard to the behavior of consumption, it is constructive to consider
more disaggregated measures of these flows by distinguishing durables from non-durables
and services. From Kuznets [1941], there is some evidence that the components of
consumption did not move together over the Depression period. In 1930, the consumption of
services rose while other expenditures (durables, semi-durables, perishables) all fell. In
1934, durables expenditures started to rise again while expenditures on services first rose in
1934 and then fell in the two subsequent years.

Figure 9 plots the fraction of consumer durable purchases relative to total
consumption over the 1922:41 period from Balke and Gordon [1988]). From the start of the
Depression, the consumer durable share fell from about 10% to less than 6%. To the extent

that consumer durable purchases might be intermediated and thus responsive to financial

® For these additional treatments, the parameters are the same as those in the baseline model reported carlier.

“ Gordon and Veitch [1986] also emphasize the important role of consumer durables.
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conditions, this type of substitution across components of consumption might be a
consequence of financial crises.

Further evidence on this substitution is provided by Romer [1990] who investigates
the behavior of components of consumption during late 1929 and early 1930. She reports
that durable purchases, such as automobiles, fell considerably during the early part of the
Depression while spending on non-durables, such as food, actually rose in late 1929.

To introduce durables goods into our economy, consider a utility function given by
U(c,d,n)= log(c) + vgog(d) + v,log(1-n) where v; and v, are parameters. We use
observations on the average level of purchases of nondurable consumption goods and services
to expenditures on durables from Balke and Gordon [1988] to parameterize v,. Durable
services were proportional to the stock of durable goods. To simplify our computations, we
maintain the assumption of a single capital good but allow it, in each period, to be either
used as a durable consumption good or as an input in the production function.* For this
problem, Bellman’s equation is given by:

V(k,0) = maxU(fiyk,n) -1,(1-v)kn) + BEy V(g(1,6)+k(1-3,),6"
Lny

where )
I+ if 0-8,

8(10) = -
(I-F)(1+r) if 6=0,.

where + is the fraction of the capital stock used in the production function. Thus this

economy allows an agent to shift resources between physical capital and durables after the

“In an carlier version of this paper we explored an economy with two state variables but due to computational limitations have chosen the
single state variable approach here.
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realization of the sunspot. As before, the fixed cost is set so that sunspots arose throughout
the state space and the value function iteration procedure converged.*?

As with our earlier economy, future capital is an increasing function of k and
employment is a decreasing function of k. Further, both k’ and n are, as before, increasing
in 6 given k.

The economy was simulated for 2000 periods and the results are summarized in Table
3. As before, we present statistics for the entire sample and by regime. For entire sample
of this economy, many of the features of the previous one without durables remain: the
main aggregate variables are all positively correlated with output, the consumption of non-
durables is smoother than output and investment is more volatile than output. Further, as
in the economy without durables, the capital stock is more volatile than output: the standard
deviation of (log) capital relative to (log) output is 2.

Of particular interest is the behavior of consumption and investment. Recall that in
the economy without durable goods, consumption and investment were positively correlated
with output but negatively correlated with each other. For the economy with durable goods,
the correlation between the consumption of non-durables and expenditures on durables is
about -.09. Durable consumption expenditures and investment are positively correlated (.74)
while non-durable consumption remains negatively correlated with investment (-.21).

These correlations do not accord with observations since, as noted earlier, all

components of consumption are positively correlated with each other and with investment

“ We do not present extensions 0 Propositions 1 and 2 for this more general economy. A proof of the existence of a solution 10 the more
complex dynamic programming problem is relatively straightforward. Our characterization of sunspot equilibria for our particular economy
is achieved by checking that intermediation is preferred to non-intermediated accumulation at each point in the state space.
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over the entire interwar period. Yet, the model does contain some of the properties
observed in the data, in particular the possibility of substitution between intermediated and
non-intermediated activities. From our simulations, at the time of a regime change, the
components of consumption tend to move in opposite directions. So, at the onset of the
Great Depression, our model would predict the observed increase in expenditures on some
non-durables and services and the reduction in durable expenditures.

2. Capacity Utilization

Greenwood, Hercowitz and Huffman [1988] dealt with the problem of negatively
correlated consumption and investment by introducing a capital utilization choice. In their
model, the rate of capital depreciation was influenced by its use thus setting up a non-trivial
choice of utilization. So, in periods of low intermediation returns, a producer may reduce
capital utilization to avoid having to use the relatively inefficient intertemporal technology for
the production of capital in the future.

We have experimented with adding this choice to our sunspot economy using the
same specification proposed by Greenwood, Hercowitz and Huffman. In particular, the
producer selects the rate of utilization « so that the flow of capital services (for a given stock
K) is yK. The depreciation rate is determined by é=7(y*/w) so that we have two additional
parameters to choose. We impose the restriction that the average level of depreciation is
10% as in the data, set the average utilization rate at .9 and use the first order condition for
capital utilization to set these parameters.

Allowing for the choice of capacity utilization did not dramatically affect our results.

For the case of 10% depreciation and 8=.9 (our baseline), we still find that consumption and
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investment are negatively correlated, consumption and hours are negatively correlated and
that the capital stock is more volatile than output. These implications hold for even larger
average depreciation (20%), a higher discount rate of .96, iid sunspots and more curvature in

utility than the log case.*

VI. Conclusion

Our goal is this paper was to explore the U.S. Depression from the perspective of a
model of financial fragility. The model stressed the interaction of depositors in determining
the nature of the intermediation process. As a consequence of a non-convexity in the
intermediation process, a market participation externality was created which led to multiple
equilibria for all points in the state space. This gave us a tractable model of sunspot
equilibria in which extrinsic uncertainty correlated the actions of the agents. Our goal was to
capture various aspects of financial instability such as runs and crashes in this framework.

In many ways, our models are quite consistent with observation. Many of the basic
features of business cycles emerge in our economies if the data is pooled across regimes.
However, there are two elements of the model which are at variance with observation: the
negative correlation between investment and consumption (at least non-durables) and the
excessive volatility of some capital measures. In the absence of movements in total factor
productivity, these features of the model are not surprising and some remedies were

explored.

“Greenwood, Hercowitz and Huffman do not report the consumption investment correlation for their economy though they argue that
for the preferences they specify (no income effects) that this correlation is positive. They also do not report the relative standard deviation
of capital to output. Note that our results on the excess volatility of the capital stock hold evea if, as mentioned previously, we compute the
capital stock using NIPA conventions.
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One surprising aspect of the analysis is the similarity in the basic patterns of U.S.
macroeconomic behavior during the interwar years and the post WWII period. Originally we
had conjectured that many of the properties of our model (such as the negative correlations
and the excessive volatility) might correspond to actual observations during the Depression
since this experience was unlikely to be the consequence of total factor productivity
variations. Picking up on a theme from Bernanke and Parkinson [1991], it is quite
interesting that the economy behaves as if it was hit by a productivity shock though it is
difficult to imagine that this is the case. Thus, understanding the basis for these total factor
productivity movements is critical for interpreting the interwar period and for evaluating
models of more recent behavior of the aggregate economy. Our analysis highlights two
possible sources of measurement error that might create the appearance of procyclical total
factor productivity: mismeasurement of capital and capacity utilization.

In Cooper and Ejarque [1994], we introduced a form of external returns to scale
following the contribution of Baxter and King [1991] into an intermediation model. The idea
in doing so was to create an endogenous increase in productivity during periods of high
economic activity. Further, as discussed in Baxter and King, if the external effects are large
enough, it is possible to create procyclical productivity and positive correlations between
consumption and investment in economies with taste shocks.“ Thus, the introduction of
these complementarities seems to be a useful approach to improving the ability of the model
with financial intermediation shocks to match the data. However, for empirically reasonable

levels of this external effect and a linearized economy, Cooper and Ejarque [1994] found that

4 Of course, for large enough values of the externalities, the sability properties of the economy may change as exhibited in Benhabib and
Farmer {1994).



32

consumption and investment remained negatively correlated and that the capital stock was
still more volatile than output.

As for our regime switch approach, the model succeeds in capturing the dramatic
shifts in the economy associated with the start of the banking crisis. Moreover, the renewal
of confidence in the financial intermediation system stemming from government action in late
1933 and 1934 is easily modeled as another regime shift. A more complete analysis of the
non-linear behavior of the economy over this period would be a productive next step in this

type of research.
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Appendix: Proofs

As discussed in the text,x = [k;,k;] and where k] satisfies kj=k'(k;,6, for j=o,p.
From our simulations, this restriction on the state space is not binding since the economy
fluctuates between these two capital stock levels.

Proposition 1: There exists a V(k,0) that satisfies (1) for k€ «.

Proof: The proof uses Proposition 9.6 from Stokey-Lucas [1989]. To make use of their
result, we note that the return function is bounded and continuous for k€ «, the feasible set is
non-empty, compact valued and continuous and that our problem has discounting.

Proposition 2: There exists a value of F such that an equilibrium exists with
V(k,8,) # V(k,8,) for all kEx.

Proof: Let I(k,0,) be the investment choice that is optimal for the agent in state (k,0,).

Since the capital stock is always less than k;, this investment flow will be strictly positive
and is positive even at (k;,0,) since there is depreciation of the stock. Let L. (k,8,) be the
smallest level of investment observed under optimism. Set the critical level of the fixed cost,
F*, such that the returns to investing L.(k,0,) using the intermediated technology is the same
as the return from the mattress. For I>1 . (k,0,) , the intermediated technology will
dominate due to the presence of the fixed cost. Thus, if others are investing using the
intermediaries, the representative agent will do so as well. In the case of the pessimistic
outcome, we assume that the costs of starting up the intermediation process for a single agent
are prohibitive and thus a mattress equilibrium always exists.
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Table 1
Intermediated Investment

Pooled Ss| so| s | 70| -98| -95] 95| 74| 53| .90
Optimism 99| -98| -98| 99| -99| -9 26| 12| 64| 22 n
Pessimism f 99| -99| -99| 99| -99| -99Q 27| 15| 85| 25 ||
Table 2
U.S. Data

Standard Deviation relative to Output

Contemporaneous Correlation with
Output

H

ﬂ 1921-41°

! King, Plosser and Rebelo [1988] in logs and linear detrending for all variables except K, which comes from Citibase and is annual, and
CD, which is quarterly expeaditures on durables from Citibase.
! Computed using annual data from Kendrick [1961], in logs, per capita and linsarly detrended.
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Table 3
Intermediated Investment and Durable Consumption!

Contemporaneous Correlation with Y

| dovlo|ls] iJem]ov] of u| 1|

o RN T ] R OR}RAR}R}RR i I

73

.83

-34 | -.06

-39 -.26 T2 2.7 25.7 1.71 7.3 23 H
! 1 conmuo of non-durables, 18 expean es and 1is physical capital investment.
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Appendix: Proofs

As discussed in the text,k=[k; k)] and where k] satisfies k;=k’(k;,6,) for j=o,p.
From our simulations, this restriction on the state space is not binding since the economy
fluctuates between these two capital stock levels.

Proposition 1: There exists a V(k,0) that satisfies (1) for k€ «.

Proof: The proof uses Proposition 9.6 from Stokey-Lucas [1989]. To make use of their
result, we note that the return function is bounded and continuous for k€ «, the feasible set is
non-empty, compact valued and continuous and that our problem has discounting.

Proposition 2: There exists a value of F such that an equilibrium exists with
V(k,0,) = V(k,6,) for all kE«,

Proof: Let I(k,0,) be the investment choice that is optimal for the agent in state (k,6,).

Since the capital stock is always less than k;, this investment flow will be strictly positive
and is positive even at (k;,0,) since there is depreciation of the stock. Let I, (k,0,) be the
smallest level of investment observed under optimism. Set the critical level of the fixed cost,
F", such that the returns to investing I,(k,8,) using the intermediated technology is the same
as the return from the mattress. For I>I . (k,8,) , the intermediated technology will
dominate due to the presence of the fixed cost. Thus, if others are investing using the
intermediaries, the representative agent will do so as well. In the case of the pessimistic
outcome, we assume that the costs of starting up the intermediation process for a single agent
are prohibitive and thus a mattress equilibrium always exists.
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