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1 Introduction

Early analysts of economic uctuations such as Keynes, Mitchell, Burns and Pigou all discussed asymme-

tries over the business cycle. Perhaps the most well-known description of these asymmetries is by Keynes.

...There is, however, another characteristic of what we call the trade cycle which our explanation must

cover; namely, the phenomenon of the crisis { the fact that the substitution of a downward for an upward

tendency often takes place suddenly and violently, whereas there is as a rule, no such sharp turning points

when an upward is substituted for a downward tendency. In this paper I examine asymmetries over the

business cycle driven by uctuations in the con�dence of investors.

Despite the widespread belief in asymmetries amongst early business cycle analysts, little formal

statistical evidence of the extent of the asymmetries was presented until Neftci's (1984) analysis of post-

war US unemployment rates. Extending the approach of Neftci, Hamilton (1989) showed that the business

cycle could be modeled as abrupt shifts between fast and slow growth rates. Other work, prompted by

Hamilton's contribution, found strong evidence for an additional asymmetry in the propagation mechanism

of post-second world war US output. Beaudry and Koop (1993), Tiao and Tsay (1994) and Potter (1995)

all �nd evidence that negative shocks to output during recessions tend to have a negligible or even a positive

e�ect on predictions of output at one year or longer horizons. This e�ect is illustrated in Figure 1 by the

impulse response in the deepest recession in the post-second world war period, 1980 Quarter 2 and the

model estimated by Potter. The impulse response to a shock of �2% hitting during this recession period

is positive after four quarters.

Few theoretical explanations of asymmetries over the business cycle have been o�ered.1 For most

macroeconomists, asymmetric business cycles are a sideshow that do not contribute to the fundamental

question of understanding the sources of business cycle uctuations. In this light, consider the �ndings

of negative shocks being less persistent in recessions than in expansions. This suggests a very di�erent

asymmetry in post-war data than the one that Keynes perceived in the pre-war data. Keynes was writing

1Many business cycle models of the 1950s did focus on nonlinearities associated with oors and ceilings on output growth
that could produce such asymmetries. However, no tight microfoundations for the oors and ceilings were given. Chalkley
and Lee (1998) develop a model of asymmetric business cycles based on learning and information aggregation.
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Figure 1: Nonlinear Impulse Response for 1980 Quarter Two

The impulse response is calculated as E[Yt+njYt�2; Yt�1; Yt�3]�E[Yt+njYt; Yt�1; Yt�3], where Yt is the 100
times the logarithm of US GDP and t = 1980 Quarter 2.

having observed the persistent slumps of the 1920s and 1930s, in particular the Great Depression in the

United States.

Potter (1995) uses simulation to show that if the pre-war propagation mechanism had similar

properties with respect to negative shocks as the post-war mechanism estimated by his model, then a

contraction of Great Depression size would not have occurred. Figure 2 shows the result of repeating this

simulation with the model estimated by Beaudry and Koop. Once again the conclusion is the same. Given

we know that the Great Depression did occur, we have two types of business cycle asymmetries: In the

pre-war period the reaction to large negative shocks was a prolonged slump in economy activity. In the

post-war period, although we have not experienced negative shocks of Great Depression size, simulations

show that the reaction to negative shocks during recession periods is not a prolonged slump in economic
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activity.

Figure 2: The Great Depression and a Simulation

The simulation is conducted by taking the parameter estimates of the propagation mechanism of Beaudry

and Koop estimated on post-war time series and using impulses estimated from the Great Depression period

from Potter (1995).

One explanation of these �ndings is the success of stabilization policy in the post-war period. Not

only has stabilization policy reduced the size of negative shocks hitting the economy, but it has also has

instituted automatic stabilizers that reverse the e�ect of negative shocks during recessions. An alternative

explanation for the �ndings on asymmetries, as argued by Friedman and Schwartz (1963), is that the

Great Depression was an extraordinary event partly caused by inept actions of the Federal Reserve Board.

Further, once one removes the Great Depression from the sample, the pre-war period shows the same

resistance to negative shocks as the post-war period. Friedman (1993) called this the plucking theory of
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business cycles: The deeper the recession, the faster the subsequent recovery.2

The corridor analogy of Leijonhufvud (1981) provides a useful means of examining these issues

within a single class of models.3 Leijonhufvud's view was that the economy had a full coordination time

path along which all agents correctly perceive the opportunities for social e�cient trade. Shocks tend to

displace the economy from this path and introduce deviations between the private perceptions of the gains

to trade and the social perception based on complete information. Within a corridor of deviations from

the full coordination path the displacement is corrected by market forces, with the force of the correction

increasing with the distance from the full coordination path. However, if the displacement from the full

coordination path is su�ciently large, the coordination problems produced by the divergence between the

private perceptions of the gains from trade and the social perception based on complete information become

so wide that market forces are unable to return the economy to the full coordination path.

For an economy to have the corridor property, two features are essential. First, there needs to be

an externality that produces di�erences between private perceptions of the cost/bene�ts of various trades

and social cost/bene�ts. Second, the importance of the externality must vary over the business cycle.

Obviously it makes sense that during recessions the externality is more important than in expansions.

But, in addition, a more subtle property is required. For recessions within the corridor there must be

forces in operation that counteract the externality. For recessions outside the corridor these self-correcting

forces need to fail.4

Along the lines of Leijonhufvud's views, I consider an externality produced by the failure of agents to

2Balke and Wynne (1994) �nd statistical evidence in favor of the plucking model going back to the nineteenth century.
3One could capture some of the aspects of the plucking model of business cycles using the dynamics of the standard

neoclassical growth model. As the economy is shocked below its steady state mean growth path, the marginal product of
capital starts to rise. Thus, when good productivity shock occurs the economy experiences faster than average growth as it
returns to the steady state path. However, the standard one sector model is not be capable of producing the dynamics shown
in Figure 1 where in a recession, a negative shock leads to predictions of higher growth than if the shock had not occurred.
Further, the one sector model o�ers no obvious explanation of the Great Depression.

4In the recent literature on coordination failure a number of possible externalities have been suggested (see Cooper and
John, 1988) for an overview. For example, the social level of knowledge might enter into the production functions of individual
�rms. A di�culty with many of these models of coordination failure is the movement between equilibria of low levels of
coordination failure and equilibrium of full coordination is not explicitly modeled. Rather an emphasis has been placed on
self-ful�lling expectations triggered by exogenous sunspots.
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take into account that their actions produce valuable information.5 The action for which the information is

required will be an irreversible investment of resources into a production technique. Individual production

techniques per se are neither good nor bad. Instead their value depends on an unobserved factor. With

the appropriate choice of production technique to match the unobserved factor, productivity will be high

on average. With inappropriate choices, productivity will be low on average. Thus, by observing the

productivity of investment over a su�ciently long period of time, the value of the unobserved factor

associated with investment will be revealed.

Agents form rational beliefs using Bayes' rule about the unobserved factor associated with their

investment opportunity. The unobserved factor varies across individual investment opportunities according

to a two state Markov process. Individual investors receive private signals about the e�ciency of their in-

vestment opportunities. Observation of previous investment choices and subsequent output allow investors

to form improved estimates of the current state of the unobserved factor. I show that this information

aggregation problem rather than being undertaken by individual agents can be achieved by the stock mar-

ket. That is, individual investors can base their investment decisions on the recent behavior of the stock

market.

The externality is produced by alternative production techniques generating di�ering amounts of

information to future investors. Some of the techniques produce a great deal of information about the

unobserved factor, others produce little information. One type of production technique is available that

does not depend on the unobservable factor. Hence, it produces no information for other agents. In

addition it is assumed that agents invest only once and in a sequential order. Further, I assume that there

is no merging or acquisition of future investments available on the stock market. Thus, individual agents

are not allowed to internalize the externality.

In order to get the strength of the externality to vary over the business cycle in the required manner,

one needs the incentives for individual agents to choose less informative production techniques to increase

in recessions.6 The source of changes in the strength of the externality will be the performance of the

5A similar type externality in the case of credit markets is examined in Lang and Nakumura (1990).
6A natural way of doing this would be to introduce risk aversion: the return on less socially informative investments are
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various production techniques as uncertainty about the unobserved factor uctuates. When an agent is

most uncertain about which of the two states the unobserved factor is in, the production technique that

does not depend on the unobserved factor has the highest expected output. When an agent is certain about

the state of the unobserved factor, production techniques that produce the most social information have

the highest expected output. Production technique that do not depend on the unobserved factor produce

the lowest expected output.

The level of certainty about the unobserved factor is interpreted as con�dence. This provides a link

to the Keynesian approach to economic uctuations where uctuations in the con�dence of investors were

a central driving force. In Keynesian theory increased uncertainty about appropriate investments leads

to investors taking a stance of `wait and see'. This was reected by increased demand for liquid �nancial

assets, particularly money. Here the investor stance of `wait and see' is captured by production technique

where no learning can take place about the underlying productivity factor.

Returning to the corridor analogy, the `full coordination' path of the economy is when investor

con�dence is high. Under high con�dence, the discrepancy between individual and social incentives is

small. Displacements from the full coordination path will be caused by switches in the unobserved factor.

The economy's reaction to these switches will determine the width of the corridor. If the reaction to the

switches is a crisis of con�dence then a spate of `wait and see' type investments will be produced and

con�dence will remain at low levels with the economy outside the corridor. Alternatively, if the switches

are understood quickly, high con�dence will return and the economy will not leave the corridor.

Within the context of this corridor economy, one can attempt to simulate a depression by making

the unobserved factor follow a very unlikely pattern. The pattern is designed to produce a big drop in

con�dence. The e�ects of the two types of government interventions described above are then considered.

The externality means there is a system of subsidies to investment that will keep the economy on the

full coordination path. Rather than considering such a sophisticated intervention, the simpler policy of

more certain because they do not depend on the unobserved factor. This is the mechanism used in Chalkley and Lee (1998).
Using risk aversion adds a number of complications and also means that part of the asymmetries in business cycles will be
dependent on the level of risk aversion. Since the level of risk aversion of individual agents is one of the most controversial
issues in modern macroeconomics I prefer to restrict attention to risk neutral agents.
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subsidizing investments that produce information in recessions is used. The inept intervention consists of

subsidizing the `wait and see' type investment to mimic the actions of the Federal Reserve in contracting

the money supply as described in Friedman and Schwartz.

The plan of the rest of the paper is as follows. Section 2 outlines the structure of the model in

words. Section 3 characterizes the solution to the individual investment problem. Section 4 gives a precise

description of the economic environment and gives a de�nition of con�dence within the context of the

model. Section 5 analyzes the dynamics of con�dence with varying amounts of information available to

individual investors. Section 6 presents simulation of a Great Depression type episode. Section 7 o�ers

some brief conclusions. A short appendix describes some of the computations.

2 The Model in Words

The working of the model is best described by a simple parable. Each period a new generation of agents

is born on a di�erent island than previous generations. Agents live forever. The agents are endowed with

two varieties of seeds to plant on the island in the �rst period of their life and a private signal about the

productivity of the island. Any seeds that are not planted immediately perish. In the second period (i.e.,

one period after planting) the seeds produce two types of trees that have an in�nite life and cannot be

destroyed. The trees produce fruit subject to symmetric productivity shocks. There is exogenous technical

progress over time so that the trees of later generations are on average more productive than the trees

of earlier generations. However, the productivity of trees depreciates over time. The preferences of the

representative individual in each generation are risk neutral and all types of fruit are perfect substitutes.

The marginal productivity of trees is determined by the type of soil on the island and the other

trees planted. There are two types of soil. One variety of seeds produces more productive trees with soil

type 1. Another variety of seed produces more productive trees with soil type 2. However, the soil of the

island is such that if only one type of tree is used the land becomes infertile. Hence, a convex combination

of the two types of seed is planted. If an equal amount of both varieties of seed is planted then the amount

of fruit produced does not depend on the type of soil on the island.
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Not all the seeds can be planted because of space considerations on the island. The unconditional

distribution of soil types across islands is uniform. Thus, on average, generations are born 1=2 the time on

soil type 1 islands and 1=2 the time on soil type 2 islands. Moreover, if the current generation was born

on a type 1 (2) island there is more than a 50% chance that the next generation will be born on a 1 (2)

island.

The new generation is born knowing the unconditional distribution of soil over islands and the

Markovian structure of soil types between adjacent generations and their islands. But they do not know the

type of soil on their island. The optimal solution to their investment problem without further information is

quite simple. Use a 50-50 split of seed types. This will be called the `wait and see' investment. Alternatively,

if the generation is born knowing the soil type on its island, then the convex combination of seeds planted

will be at one of two extremes depending on the soil type. Before planting the seeds the new generation

receives a private signal about soil type on its island.

Con�dence is de�ned as the strength of belief about the soil type of the generation investing.

Con�dence is highest when they know the soil type and lowest when beliefs are equal to the unconditional

distribution of soil types. In the cases of no information and full information, con�dence is a degenerate

random variable. Between these two extremes are the cases of

1. There is no trade or communication between islands. In this case the new generation has access only

to its private signal. I will associate this information structure with the market structure of autarky.

It will give the out of corridor behavior of the economy.

2. The new generation is assumed to have access to all the past investment decisions and individual

outputs. This information structure will be associated with the market structure of a centralized

stock market. That is, after making the investment, shares are issued for claims to fruit produced by

individual islands. The dividends paid on these shares are equal to the output of the island.

Investment decisions produce information useful for future generations. Neither of the market

structures reward investors for producing information. Hence even in the case of the stock market economy

there will be some ine�ciency. No attempt is made to solve the constrained �rst best solution. The analysis
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of the model consists in analyzing how di�erent government interventions a�ect the stochastic properties of

con�dence through the amount of information available before planting the seeds. Two types of government

intervention to correct ine�ciencies are examined.

1. Subsidies: The government subsidizes an investment at one of the two extremes.

2. Inept: The government subsidizes the `wait and see' investment decision.

Both types of intervention will be triggered by falls in aggregate output.

3 The New Generations' Investment Decision

The investors (new generation) born at time s has one unit of uninstalled capacity (i.e., seeds) that must be

split into two speci�c types of installed capacity (trees), (x1s; x2s); in the following putty clay production

function:7

yt(x1s; x2s) = A0 +A(s; t)(a+ Z1t ln(x1s) + Z2t ln(x2s));

subject to:

x1s + x2s � 1; x1s � 0; x2s � 0;

where A0 is a positive constant that ensures that output is positive, A(s; t) = �2s�t for t � s, � > 1

a = � ln(0:5) and Z1t; Z2t are independent and identically distributed random productivity shocks.

Although, Z1t; Z2t are IID the new generation does not know their probability distribution function.

Instead there is an unknown parameter �s = 0 or 1 (soil type) that determines which of two possible

combinations of random variables will generate the productivity shocks.

Z1t = �sW1t + (1� �s)W2t;

Z2t = �sW2t + (1� �s)W1t;

7The form of the production function is for computational and analytical convenience. In particular, it produces a simple
form for the decision rule.
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where W1t; W2t are independent of �s, IID over time and normally distributed. It is assumed that the

parameters of the normal distributions are E[W1t] = m1 � 1 and 0 � E[W2t] = m2, with m1 > m2 and

E[(W1t �m1)
2] = E[(W2t �m2)

2] = �2.

Before making the investment the new generation receives a private signal, � about �s.

� = �s�1 + (1� �s)�2;

where �1; �2 has a probability density function f1; f2 respectively, with f1(�) = f2(��): Investors combine

this private signal with their initial beliefs about �s using Bayes' Rule.

Let b̂(s; s) represent the belief of the new generation before observing their private signal. The �rst

index represents the fact that these are beliefs about �s. The second index signi�es the date of this belief.

The hat is used to denote beliefs before receiving the private signal.

The belief after receiving the private signal is given by:

b(s; s) =
f1(�)b̂(s; s)

f1(�)b̂(s; s) + f2(�)(1� b̂(s; s))
: (1)

The solution to the investment problem depends on predictions of the means of Z1t; Z2t. These

predictions depend on beliefs, thus we use Eb to signify this.

The investment problem of the new generation with discount factor � and assuming that the

capacity has an in�nite life is:

max
x1s+x2s=1

Eb

2
4 1X
t=s+1

�t�syt(x1s; x2s)

3
5 :

The �rst order conditions of the problem simplify to:

Eb[Z1t]

x1s
=
Eb[Z2t]

x2s
:

Setting xs = x1s and x2s = 1� xs and normalizing so that m1 +m2 = 1 gives the simple form for

the decision rule:

xs = Eb[Z1t]:

10



This implies:

xs = Eb[�]E[W1t] +Eb[(1� �)]E[W2t] = m2 + b(s; s)(m1 �m2):

Over time the generation will (passively) learn whether these initial beliefs were correct or incorrect. Using

Bayes' rule again we have:

b(s; t) =
g1(yt(xs))b(s; t� 1)

g1(yt(xs))b(s; t� 1) + g2(xs)(1� b(s; t� 1))
;

where gi is the likelihood function for output given that �s = i and yt(xs) = yt(x1s; x2s): Note that if

xs = 0:5, the generation will not learn about the true value of �s for their island since g1 = g0.

In the case that b(s; s) = 1, that is, � is known to equal 1, output per period is normally distributed

with mean:

Eb(s;s)=1[yt(m1)] = A0 +A(s; t)(a+m1 ln(m1) +m2 ln(m2)) = A0 + �2s�t�y; (2)

and variance �4s�2t��2, where ��2 = �2(ln(m1)
2 + ln(m2)

2): Since the productivity shocks and production

function are symmetric this will also be the parameters of the normal distribution for output when b(s; s) =

0. In contrast, in the case that b(s; s) = 0:5 the output per period is normally distributed with mean:

Eb(s;s)=0:5[yt(0:5)] = A0 +A(s; t)(a+ ln(0:5)) = A0;

and variance �4s�2t�2; where �2 = 2�2ln(0:5)2:

4 The Economic Environment

The investment decisions of each generation have an obvious sequential ordering given by s = 1; 2; : : :. It

is convenient to index the islands in the same way. Each island is endowed with an embedded �s. Let

� = f�s : s = 1; 2; : : :g and � is the set containing all possible �.

Elements of � are generated by a Markov Chain with initial probabilities for �0, (1=2; 1=2) and

symmetric transition probability �. That is, with probability � the embedded value of productivity is

the same across adjacent (in time) investment decisions and with probability 1 � � it switches. The
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simple Markov chain description of dynamics � maintains the symmetry of the individual decision at the

aggregate level: Shocks are neither good nor bad. It depends on the interaction of shocks with past

investment decisions.

The timing within a period is as follows: �rst all active islands produce; next, the private signal is

revealed to the current generation; �nally, the current generation makes its investment.

Fluctuations in the economy will be driven by beliefs. Let B represent the collection of probability

measures over �, with typical element B. Each joint distribution B contains marginal beliefs about the

embedded productivity of each island or subsets of islands which we denote by, b, for example, P [�s =

1] =
P

�t:t6=sB[: : : ; �s = 1; : : :]:

We need to distinguish between joint beliefs before and after the observation of a private signal. Let

Îs represent the information available to the generation investing before receipt of their private information.

Thus, can focus on elements of B with the property:

P [�t; t = 1; 2 : : : ; sjÎs] = B̂(s):

Is will be the information available to the current generation after observing their private signal. De�ne

B(s) to be the joint belief based on this (larger) information set.

It is convenient to take a simple function of beliefs and call it con�dence. The most important

belief concerns the new investment, b(s; s). By construction b(s; s) is between zero and one. Beliefs at

either extreme represent highest con�dence. Beliefs of 1=2 represent the least con�dence. Thus, con�dence

is de�ned by:

cs = 2jb(s; s)� 0:5j:

5 Dynamics of Con�dence and Aggregate Output

In this section the dynamic behavior of con�dence and aggregate output is described under varying amounts

of information available to investors.
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5.1 Full Information and No Information

In the case of full information about � con�dence is always equal to 1 and output of individual islands

is drawn from a normal distribution as described above. Given the properties of A(s; t) the mean and

variance of the normal distribution for output decline over time for each island. Output across time for

individual islands and across islands is independent. Hence, aggregate output is a Gaussian time series

with an increasing mean:

A0(t� 1) + �y�1�t 1� �2t

1� �
;

and variance

��2�2�2t
1� �4t

1� �2
:

In the case of no information con�dence is always equal to zero and individual output for each island is

normally distributed with mean A0 and variance determined by A(s; t). Once again individual outputs

are independent across time and across islands. Thus, aggregate output is a Gaussian time series with

increasing mean

A0(t� 1)

and increasing variance:

�2�2�2t
1� �4t

1� �2
:

5.2 Autarky

Under autarky, only private information is available to the generation making the investment decision.

The initial belief before observing the private signal can only be based on the probabilities of �0. Hence

b̂(s; s) = 0:5. The updated belief depends on the private signal, �.

Since the private signal is IID across islands, con�dence is symmetrically distributed around its

mean value and is IID. Hence, given the symmetry of the rest of the model there can be no asymmetric

business cycles and aggregate output will again be a Gaussian time series.

The accuracy of beliefs about the true �s depend on the strength of the private signal. If the private

signal is always very strong there will be little room for generating asymmetric business cycles by allowing
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observation of previous investment decisions and output. On the other hand, if there is little information

in the private signal, the economy will remain in a state of low con�dence forever, unless some information

from previous investors can be transmitted to new investors.8

5.3 Stock Market Economy

Now, in addition to the private signal, assume that the generation making the investment can observe past

investment decisions and the history of individual outputs. As discussed above this information structure

is related to a market structure where the new generation makes its investment and then sells it on a

centralized stock market. However, the construction of beliefs is �rst examined without using any pricing

information from the stock market.

By sequentially updating, based on the previous investment decisions and the realization of indi-

vidual outputs, the private signals can be obtained. First, note that using the investment rule the belief

of the previous generations before making the investment decisions is:

b(s; s) =
xs �m2

m1 �m2
:

In order to �nd the private signals received by the previous generation using, Equation 1, the generation

investing needs to calculate the marginal belief held by the previous generation before observing the private

signal. This requires that the new generation �nd the joint distribution B̂(s) and then extract from that

the marginal belief b̂(s; s).

The updating starts with the investment of the �rst generation. They can generate B(0) using the

properties of the Markov chain. Note this produces uniform marginal distributions for each s. The belief

b(1; 1) (revealed by the investment) is used to generate the joint belief B(1) using the value of � and the

Markov structure

8An alternative information structure that could also be supported by autarky would occur if only past investment deci-
sions were observable and not output. In this case the model is similar to models of informational cascades. In models of
informational cascades the actions of previous `investors' can be su�ciently strong as to lead to current generation ignoring
its private signal even when previous actions have been incorrect. However, there is a crucial di�erence produced by the
Markovian structure. Even if the belief revealed by the previous generation's investment is 1, or 0 the update by � leads to a
belief for the present generation of � or 1� �:
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Next, using the recorded output from this initial investment, an update is made using Bayes' Rule:

B̂(�1 = 1; �2; : : :) / g1(y2(x1))B(�1 = 1; �2; : : :):

The marginal belief b̂(2; 2) is obtained by averaging out over all values of �s; s 6= 2. Combining this

with the belief b(2; 2) reected in the investment x2, the private signal �2 received by the second generation

can be obtained. This private signal is then used to �nd the joint belief B(2) using Bayes' Rule again:

B(2) / f1(�2)B̂(2):

Note that it is important to revise all of the beliefs at this time because the private signal on island 2 has

information about �1.

The belief B(2) is then updated using the record of individual outputs in period 3 to obtain B̂(3).

This requires considering the likelihood function for 4 possible combinations of f�1; �2g:

g(y2(x1)j�1)g(y2(x2)j�2)

The marginal belief b̂(3; 3) is then combined with the investment decision of the third generation to

�nd their private signal to produce B(3): This process continues until the generation at time s has found

B(s). They can then use this to �nd b(s; s) using � and combine it with their private information to make

their investment decision.

This process involves a great deal of computation. Further, much of it is wasteful since each

generation would be repeating calculations made by previous ones. However, if one takes the stock market

analogy seriously, then the number of calculations that each generation investing has to make is actually

very small and also quite simple. The reason is that the stock market, through the operation of the `Law of

One Price', will construct marginal beliefs over claims to fruit on islands in production that are obtained

from joint beliefs that reect all available information.

Let Q(xs; b(s; t)) be the ex-dividend stock price of a claim to the future production of fruit on island

s at time t and normalize the outstanding shares for the claim to fruit on each island to 1. The expected
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present value (ex-dividend) of the output produced by the investment given belief b(s; t) is:

Q(xs; b(s; t)) = Eb

2
4 1X
j=1

�jyt+j(xs)

3
5 ;

using the de�nition of yt(xs): After some algebra, the value can be split into a deterministic component,

Q1(xs) and a `stochastic component' b(s; t)Q2(xs), such that Q(xs; b(s; t)) = Q1(xs) + b(s; t)Q2(xs) with:

Q1(xs) =
�

1� �
(A0 +A(s)(a+m2 ln(xs) +m1 ln(1� xs)));

Q2(xs) =
�

1� �
(A(s)(m1 �m2)(ln(xs)� ln(1� xs))):

Q1(xs) will not change as observations on output are generated but b(s; t)Q2(xs) will uctuate

since beliefs about the true value of �s embedded with the investment will be updated given the observed

output values from existing investments and investments made by new generations.9 Clearly it is possible

to `invert' stock prices for individual islands to �nd the market belief about the � value for this island.

In order to illustrate the restrictions imposed by the Law of One Price, consider the sum of the

prices of two islands s and s0 respectively, with s < s0 < t:

Q(xs; b(s; t)) +Q(xs0 ; b(s0; t)) = Q1(x) +Q1(x
0) + b(s; t)Q2(x) + b(s0; t)Q2(x

0):

By the `Law of One Price' this must trade for the same price as a claim to the output of both islands s; s0.

The value of this claim to the output on two islands depends on 4 possible events:

f�s = 1; �s0 = 1g; f�s = 1; �s0 = 0g; f�s = 0; �s0 = 1g; f�s = 0; �s0 = 0g:

The price of this claim can be evaluated under these 4 di�erent events and then a belief weighted average

of these values taken to obtain the price. This price depends on the joint beliefs about �s; �s0 rather than

the marginal beliefs contained in the prices of the individual �rms:

b(s; t) = P (�s = 1; �s0 = 1jIt) + P (�s = 1; �s0 = 0jIt);

9Although agents in the model are risk neutral and productivity shocks are IID, the ex-dividend price will uctuate until
the true value of �s is learnt.
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b(s0; t) = P (�s = 1; �s0 = 1jIt) + P (�s = 0; �s0 jIt):

These considerations must apply to all portfolios of active islands. Hence the collection of all marginal

beliefs reected in stock prices will be equivalent to the joint belief B̂(t) or B(t).

The generation investing can look at the stock price of the most recent island after production at

time s to obtain b̂(s � 1; s). It then updates using the Markov structure of � to �nd b̂(s; s). Next the

private signal is received by the generation investing and they update to b(s; s). Since their investment

is publicly observable and b̂(s; s) is also known, once again the investment decision of the new generation

can be used to �nd their private signal. Hence this information is included into the stock prices of active

islands.

Consider the following two scenarios:

1. Most recent investments have been close to the `wait and see' type.

Con�dence will tend to be higher than the case of autarky because the information of the individual

outputs is available and will have some additional power in identifying the � sequence. Thus, a

weaker private signal will required to produce an informative investment. After such an investment,

con�dence will increase quickly whether or not the investment is successful, because the stock of

information has increased. However, if private signals are su�ciently weak and con�dence is low

for an extended period of time the economy might loose all of its stock of knowledge on � and for

some time behave in a similar manner to the case of autarky. This would represent out of corridor

behavior.

2. Most previous investments have been close to the `extreme' type and the unobserved factor switches.

Aggregate output declines will be more severe than in the case of autarky because the higher level

of con�dence will have lead to more extreme investments and hence bigger mistakes. However, the

source of the output decline should be easy to determine even if some recent investments are close to

the `wait and see' type. This is because unexpectedly low output is very informative about the path

of � in the recent past. Also if there is su�cient persistence in the Markov states this information
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will be useful for current investment. Thus, con�dence is likely to return quickly. In particular, once

con�dence declines it can return to high levels either through good or bad news.

The stock market economy could still leave the corridor as outlined at the end of scenario 1.

Alternatively, if the government followed the perverse policy of subsidizing the `wait and see' investment

in recessions, the self-stabilizing property of the stock market economy would be greatly weakened. Note

that, besides reducing the information content of individual outputs, it would also make it impossible to

recover the private signals thus a state worse than autarky could occur.

In the case of the subsidizing extreme investments, the information content of individual outputs

is maximized but the private signal is still not communicated to other agents. Further, by de�nition half

of the time when con�dence is low extreme investments will be exactly wrong. This could have a large

negative e�ect on output because the subsidies will be activated when output drops, but this does not

necessarily imply that con�dence is low.

6 Simulating A Depression

The objective is to analyze di�erences in the propagation of adverse shocks produced for the stock market

economy with the two types of government intervention. To accomplish this task a particular path is

imposed on the � sequence. The frequency of observation is taken to be monthly. For 120 periods �t is

�xed at the value of 1 and transitions to 0 are prevented. This means that con�dence will build up to high

levels in the stock market economy. Then a sequence of alternating values of �t is imposed for 12 periods.

The aim is to lower con�dence as much as possible. After these restrictions the movement of � is returned

to the control of the Markov chain.

The economy is simulated under the same set of individual productivity shocks and private signals

for each government intervention. Hence, any di�erences in the time path of aggregate output will be

attributable to the di�erent propagation mechanisms produced by the government interventions. To isolate

the e�ect of the sequencing of �t, the simulations are repeated 50 times with the � sequence �xed but with

the individual productivity shocks and private signals changing. These simulations are then averaged to
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obtain the behavior of the economy under the adverse � sequence.

Various parameters have to be chosen before the model is simulated. Perhaps the most important

are � and the private signal. For example, if � = 0:5 then the behavior of the stock market economy and

autarky will be identical. Alternatively, if � = 1, very quickly the individuals in the stock market economy

will know the whole � sequence with certainty. Hence, � is set to 0:95.

As discussed above, if private signals are highly informative and � < 1, there will be little di�erence

between autarky and the stock market economy. The private signal is assumed to be generated by a normal

distribution, with mean of 1 if �s = 1 and a mean of �1 if �s = 0, and a standard deviation of 10 implying

private signals are very weak.

For the parameters of the normal distribution of the productivity shocks,m1 is set to 0:67 andm2 to

0:33. The standard deviation is set to 0:1. Given b(s; s) = 1, the di�erence in output means between �s = 1

and �s = 0 at the optimal investment is approximately 0:24 with a standard deviation of approximately

0:12. Thus, individual output values will produce very quick learning about the true �. Alternatively,

if b(s; s) is 0:75 the di�erence in ouput means is approximately 0:12 at the optimal investment with a

standard deviation of approximately 0:1 and the true value of � will not be learnt as quickly.

The �nal parameter to choose is the exogenous rate of technological progress. The rate is chosen

by considering the case where the � sequence is observable. This represents the maximum growth rate and

it is �xed at approximately a 6% annual rate. This implies that � � 0:007 per month.10

The government subsidy intervention is de�ned to occur if aggregate output falls over a period

of six months, the usual de�nition of a recession. The intervention is restricted to start only after the

alternating sequence of �t has occurred and consists of a subsidy for an extreme investment only while the

economy is in recession. The inept government intervention starts after the alternating sequence of �t and

lasts for 24 periods.

The results of the simulation are presented graphically. First consider the behavior of con�dence

under the three cases. Figures 3, 4 and 5 show the dynamics of con�dence for the cases of no intervention,

10This calculation ignores A0 and transition e�ects in A(s; t).
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Figure 3: Con�dence in the Stock Market Economy with no Government Intervention

investment subsidies and inept intervention respectively. Each graph also contains the level of con�dence

in the case of autarky. The vertical lines in each graph represent the occurrences of switches in the

underlying � sequence. Note that the dynamics of con�dence in all three graphs are the same until just

after observation 300 when the di�erent policies start.

There appears to be little di�erence in the dynamics of con�dence in the cases of no government

intervention and investment subsidies with both exhibiting a strong bounce back in con�dence after the

alternating sequence of �s. Moreover, the drop in con�dence from the engineered alternating sequence

does not seem to be any deeper from that produced by early or later random switches in � except for

its duration. On the other hand, the inept government intervention drives con�dence down to that found

in the autarkic economy. However, once the inept policy is `turned-o�' the economy returns quickly to

the previous level of con�dence. Examination of the output sequences shows that the bounce back in

20



Figure 4: Con�dence in the Stock Market Economy with Investment Subsidies

con�dence observed after switches occurs for both good and bad news.

Figure 6 contains the path of the natural logarithm of aggregate output in the three cases and

the full information level. Policy di�erences only occur when the alternating sequence has �nished. The

common e�ect of the adverse information shock is a drop in aggregate output of almost 20%. The drop

is not persistent in the case of no intervention or investment subsidies, with output returning to its pre-

depression level 36 periods after the alternating sequence. However, this still represents a considerable loss

of e�ciency relative to the full information case compared to the pre-depression period (that is, the ratio

drops from 0:8 to 0:7.) For the inept intervention the economy continues to decline, because there is no

new investment other than the `wait and see' type, and the decline in output is 25% for a considerable

time.

Finally, Figure 7 shows the behavior of the value of stock market across the three scenarios. No-
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Figure 5: Con�dence in the Stock Market Economy with Inept Intervention

tice how the alternating pattern of � produces a large drop in stock market value. Under the cases of

no intervention and investment subsidies, this drop is reversed quickly but it continues under the inept

intervention throughout the 50 periods shown with a cumulative drop of 22%.
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Figure 6: Aggregate Output under various Interventions
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Figure 7: Stock Market Values during the Depression period
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Figure 8: Con�dence with and without investment subsidies in a noisier economy

The chosen parameter values for the model do not allow investment subsidies much of a role in

raising investor con�dence. However, if we decrease the informativeness of the private signal and make the

signal from individual outputs weaker, then investment subsidies can lead to a big increase in con�dence.

This is illustrated in Figure 8 for the case where the standard deviation of the private signal is 100 and the

standard deviation of Wit is 0:3: Notice how con�dence is very low until the investment subsidies start and

then increases relative to the no intervention case. However, the implied dynamics for aggregate output

are counterfactual: Output growth before the induced depression is negligible.

7 Conclusions

There is now a great deal of empirical evidence that business cycle uctuations contain asymmetries.

Speci�cally, post-war US output appears to be resistant to negative shocks during recessions. This asym-
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metry is inconsistent with the Great Depression period. One natural explanation for this inconsistency is

changes in government policy. A theoretical explanation for asymmetries based on rational uctuations in

the con�dence of investors is developed. It is used to address the role that government intervention might

have played in producing this inconsistency. It is found that the `ineptness' of government intervention

during the Great Depression in reducing the con�dence of investors rather than the success of post-war

stabilization policy in raising con�dence is the most likely explanation.
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Appendix

In this appendix the algorithm of Kim (1994) is applied to the updating problem of the model. In the

description of section 5 beliefs were updated using the joint distribution B(t). Such updating quickly

becomes infeasible since the order of 2t di�erent sequences have to be followed. Instead the simulations of

section 6 are calculated in a recursive manner. For each island s de�ne `i(s; t) to be the likelihood that

�s = i given information up to time t produced on island s, that is the history of output and the private

signal. Then starting from b(1; 0) = 0:5 we have using Bayes Rule:

~b(1; t; 1) =
`1(1; t)

`1(1; t) + `2(1; t)
:

Where the �rst argument of b represents the island, the second argument the current period and the third

argument the number of islands whose information is included in the belief. Using the partial update from

the �rst island we have:

~b(2; t; 1) = �~b(1; t; 1) + (1� �)(1 � ~b(1; t; 1)):

Now using Bayes Rule we have

~b(2; t; 2) =
~b(2; t; 1)`1(2; t)

~b(2; t; 1)`1(2; t) + (1� ~b(2; t; 1))`2(2; t)
:

This process continues until ~b(t; t; t) is obtained. Here the information from island t is its private

signal. For simulating aggregate output this forward recursion would be adequate. However, to �nd stock

market values we need to smooth the beliefs by introducing the same information to each island. Following

Kim (1994) this can be achieved by the backwards recursion:

b(s; t; t) = b(s; s; s)

�
�
b(s+ 1; t; t)

b(s+ 1; s; s)
+ (1� �)

(1� b(s+ 1; t; t))

(1 � b(s+ 1; s; s))

�
:
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