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Abstract

We discuss the extent to which the expectation of a rare event which happens not to
materialise over the sample period, but which is not rationally excludable from the set of
possibilities - the peso problem -, can affect the behaviour of rational agents and the
characteristics of market equilibrium. To that end we describe quantitatively the
macroeconomic and financial properties of a standard equilibrium business cycle model
modified to allow for avery small probability of a depression state. We produce a reasonable
model specification for which both business cycle characteristics and mean financia returns are
in accord with United States observations. The 6.2% premium is obtained in an economy
where agents are only moderately risk averse and where there are no frictions.

Keywords. Rational expectations, asset pricing, equity premium, peso problem, business cycle

JEL codes: D84, E32, G12



This paper examines the possibility that the large equity premium observed in the United
States may result from the expectations of a disaster event, or set of events, which happen not to
have materidised in the sample period of observations. Such a possibility, which fdls under the
rubric of a peso phenomenon, is supported by recent empirical work of Goetzman and Jorion
(1997). Using return data for a wide range of countries, these authors conclude that the high
historical premium in the United States is unique, and they conjecture that it may be attributable to
the fact that disastrous events affecting other financid markets (e.g. WWII for Japan, Germany, and
other European countries) have largely bypassed the American economy.

Ours is a theoretical examination of asset returns in a dynamic generd equilibrium mode
with a production sector. We study how the small probability of a depresson state modifies the
macrodynamic and financid characteristics of a stlandard equilibrium business cycle modd. We find
that the effects are most dramatically manifest in data samples in which the feared "disaster Sate” is
not actualy present. Such a peso phenomenon is seen to have an especidly powerful influence on
asset returns and to be capable of generating a large equity premium in an economy with plausible
macroeconomic characteristics.

The underlying ideais related to, but different from, Rietz' s (1988) proposed solution to the
equity premium puzzle. Rietz's (1988) results are obtained for an exchange economy model in
which the disaster events are actualy observed. We show that even stronger results can be obtained
for an economy in which the actud disaster state is not observed, yet in which agent's believe it may
occur. This is accomplished in the more demanding context of a production economy model for
which we show that the actual occurrence of catastrophic events would not plausibly resolve the
puzzle.

Relying as heavily as we do on deviations between redlised and subjectively perceived
probability distributions raises difficult methodologica questions which the rational expectations

perspective had the god of resolving. We argue, however, that the empirica implementation



(whether via estimation or calibration) of rational expectations models using short data samples
(usudly post-war data) runs the risk of over-disciplining the typica inquiry. Indeed, the usud
procedures assume, by and large, that al states of nature relevant to agent's decision making are
represented in the sample of observations and that other, sgnificantly different, possbilities may be
excluded from congderation: events that have not been observed are assumed never to occur. In
the language of probability these procedures often assume that the values of the dtate variables
observed in the historical period encompass dl the vaues in the economy's Sationary probability
distribution.

Yet, it is not unreasonable to think, for example, that the experience of the Great
Depresson continues to have a significant influence on the behaviour of those who experienced it
directly or indirectly, even though it has not recurred in sixty-five years. Smilarly, the fear of 1929,
athough not borne out, or of a much-talked-about-but-never-experienced systemic financia
meltdown, may have been significant in the crash of October 1987 (as well asin October 1997!). In
other words, these events may have loomed larger in the investors belief sets than their “objective’
probability as assessed on the basis of recent history: the fact that they have not materidised in the
postwar period does not prove that the possibility of their occurrence has not affected behaviour.

These considerations suggest to us the importance of checking the robustness of certain
accepted results and modelling regularities to the feature of alowing agents to entertain, in their
decison problem, the expectation of certain events which have not (or not yet) appeared in the
reference historica sample. This is a perspective first adopted in studies of the foreign exchange
markets, hence the “peso problem” abdl. If we are to generalise this viewpoint, however, we must
do so0 in a highly disciplined way. Most specificaly, we must avoid a return to the pre-rationa
expectations Stuaion in which puzzling phenomena could be explained away on the bass of
unverifiable assumptions on "what isin themind " of decison makers. We maintain disciplinein our

inquiry by abiding by three requirements: first, we alow for expectations of significant but not



implausible events, second, these events must be sufficiently unlikely (i.e. have smal enough
probability of occurrence) so that the fact that they have not been observed in a period
corresponding to the usua sample length does not make it irrational to attach a positive probability
to such events;" finaly, and most importantly, we check the full general equilibrium implications of
the adopted expectational hypotheses againgt alarge set of observations and not exclusvely againgt
the particularly puzzling ones which have motivated their adoption. While this paper focuses on
financid returns and the equity premium puzzle, we thus verify that the macroeconomic implications
of our expectational hypotheses are not falsified by the data.”

It is dready well understood that peso effects can have substantial implications for security
return estimates obtained from ‘small samples. See Evans (1997) for an excellent and thorough
survey of the relevant literature. Focusing on the equity premium in a technically related context,
Cechetti, Lam and Mark (1990, 1993), Kandd and Stambaugh (1990) and Abel (1994) study the
effects of imposng a Hamilton (1989) style Markov switching regime on the conditiond and
unconditiona return estimates. Their sudy of the mean returns conditiona on a particular regime
paralels our peso perspective. Under the Markov regime switching approach, however, the
economy dternates, with probabilities cdibrated to registered frequencies, between different
regimes corresponding to regularly observed historical episodes. By contrast, the peso approach
centers on the effects of the possibility of switching to a smal probability, catastrophic regimein a
context when the ex-post frequency is not in accord with the ex-ante probability. On baance the
regime switching structure has small implications only for conditiond risk premia (see Cechetti et d.
(1990) and Kandd and Stambaugh (1990), for example) because the pricing kernel is left mostly
unaffected by uncertainty in the future regime. Although for somewhat different reasons, the effects

are amilarly modest in Cechetti et a. (1993). Our results for the case where the catastrophic event

! For al the parameter specifications reported below, the probability of not observing the catastrophic event in
aperiod of 40 years (taken to represent the typical macroeconomic sample) is always higher than 20% ; it isas
high as 55% for our benchmark case.



actualy materidises are in accord with these contributions. Abdl (1994) finds that Markov switching
in the endowment process actudly exacerbates the inability of the modd to explain unconditiona
equity return premia

More recently, Bekaert et a. (1995) attempt to explain a series of anomdies in the United
States term Structure of interest rates by relying on the possibility that high-interest rate regimes may
have occurred less frequently in the redised sample of United States data than was rationdly
anticipated. By pooling British and German observations with the United States data, they construct
a sample of observations which they argue is a plausible representation of the relevant probability
digtribution for United States decison-makers. This, in effect, assumes that the latter regard the
interest rate and inflation experience of foreign countries as being drawn from the same underlying
probability distribution as their own and thus equally representative of future possible realisations of
the United States economy itself.

Hansen et. a (1999) show that aversion to specification error in the evolution of an
economy's state variables can also lead to large consequences for security prices, in a manner that
goes along way in explaining financia regularities. Thisisaccomplished by constructing amode in
which agents aversion to specification error is equivaent (same equilibrium time series of aggregate
consumption etc.) to assuming they possess "risk sengitive" preferences in the manner of Epstein
and Zinn (1989). While very different in motivation (the latter errors arise in the context of a
Markov perfect game with a 'malevolent’ opponent rather than as a pure expectations peso effect),
thiswork aso explores the asset pricing consequences of expectational errors.”

An outline of the paper is as follows: Section 2 lays out the basic modd construct whose
properties are studied in Sections 3 and 4. Section 5 presents a version of our model with plausible

macroeconomic properties and an equity premium in line with the United States observations.

2 Asadvocated by Evans (1997) in his conclusion.



Section 6 comments on some related literature. We conclude in Section 8 after addressng welfare
issuesin Section 7.
1. Introducing a depression state into an equilibrium business cycle mode.

Our benchmark is the well-known business cycle model of Hansen (1985) with
technology shocks and an indivisible labour supply. The dynamic equilibrium alocations in this

model solve the following central planning formulation:

o ¥
max EQ _b'u(c 1-n)
Do} t=0

¢+ X £ f(k,1)Z
K =k (1-d)+x.,

st n £1c 3 0,x 30,n 30, and "

K, given
In the above problem, c; denotes the period t consumption of the representative agent
and n; his period t supply of labour (1-n; is thus his leisure in period t). Smilarly, k. and z
represent, respectively, the agent’s period t capital stock and investment, while u(.,.) is his
period utility function and f(.,.) the period production technology which is subject to the
technology shock sequence {z}. Lastly the parameter b is the subjective discount factor and d

the period depreciation rate. Under Hansen's formulation, the period utility function and

production technology assume the forms:
u(G1- n) =Ing +An L)
and  f(k,n)=Lkin® (2)
with  a =0.36,L =125 and A=-2.85
The only change we wish to undertake at this stage concerns the form and the
distribution of the technology shocks. As in most of the literature to date, Hansen (1985)

assumes that the technology shock follows a highly persistent first order autoregressive process

of the form:



Zn =TV 4 ey,
with r = 0.95 and the {e } i.i.d. lognormaly with mean 1-r and SD = 0.00712. The latter
quantity is inferred from the variability of estimated Solow residuals over the postwar period.
In view of the significant measurement problems (see Prescott, 1986) it is an appropriately
conservative estimate of the indicated standard deviation. Under this specification, z is aso
lognormally distributed with

1

vare,)"? =3.29D(e) =0.023
1-r? '

E(z) =13D(z) =(

Note that the 95% confidence interval for z is[0.954, 1.046] and that the probability of a
shock being significantly worse than this range is essentially negligible; for example,
Prob[z £ 0.9] = 210°%; Prob[z £ 08] = 610" %; Prob[z £ 0.6] = 210" ***.

The first step in implementing the change in the shock process we want to effect is to
approximate the continuous process above with a finite state discrete Markov chain. There are
two relevant considerations in constructing such an approximation. First, we know from
Tauchen (1986) that we can approximate the continuous process noted above to any degree of
desired precison (match any number of moments) by choosing a sufficiently large number of
states. Second, we know from earlier work (see, e.g., Danthine and Donaldson (1989)), that it
is possible to replicate almost exactly the macroeconomic and financia results of Hansen
(1985) with a coarse state partition of two carefully chosen states. This possibility reflects the
fact that the performance of the propagation mechanism inherent in these models seems

relatively unaffected by the precise structure of the shock process.



For economy of computation and in order that our message be more transparent we
will thus rely on the latter comment and postulate, initially, a two state symmetric Markov

processwith z, =0979 and z, =1021 and the following probability transition matrix:®

20.97 0.03¢_
Eo.os 0.975

As confirmed below, the latter choice allows the model to replicate nearly exactly the results
presented in Hansen (1985).

We next modify the shock process to admit the possibility of a depression state
occurring with small probability. In doing so, we do not mean to suggest that we view the
Great Depression as having been caused by a technology shock. Our aim is to study asset
pricing in a smple and consistent equilibrium model where the possibility of a magjor shock is
entertained. It is well beyond our purpose to propose a theory of the occurrence of rare
catastrophes. We believe the financial implications of our set-up are likely to be illustrative of
those resulting from other catastrophic falls in consumption but admit such a statement must be
substantiated in other model contexts.

Our benchmark case postulates z; and z as per above but with zz = 0.6 and transition
matrix

g 097 003-h hp
$003-h 097 hi=M
%0.51-f) 051-f) f

where h captures the likelihood of entering the third “depression” state and f  determines the
expected time remaining in it. An increase in either of these parameters, ceteris paribus, will

increase the stationary probability of the depression state. With h = 0.0004 and f = 0.10, for

% Once again, the characteristics of the transition probability matrix such that the discrete process most closely
approximates the continuous process are derived from Tauchen (1986).



example, the unconditional probability of the depression state is 0.00044 or 44 times in
100’ 000 periods (quarters under our parameterisation).

The focus of this paper is the study of the business cycle and financial characteristics of
a model economy in which economic agents rationally anticipate the possibility of a disaster
state, yet in which no such state is observed in the actual realisation of events. We formalise
this idea by assuming that the process M is the true, objectively and subjectively anticipated,
Markov process for this economy, but that, given its low probability, the third “depression”
state happens not to materialise in the sample period of 160 observations that we take as our
benchmark. In practice we compute the decision rules of the model and use these to generate
time series in a standard fashion. Our statistics are obtained as averages of 200 runs each of
160 consecutive data points in which the disaster has not materialised. This latter choice is in
accord with usual practice in the business cycle literature with the series length corresponding
roughly to the postwar period (measured in quarters). Standard deviations of the estimates are
also reported. *

More specifically, time series of per capita capital stock, consumption, investment, and
hours were thus generated using the decision rules x(k,z) and n(k,z) obtained from the solution
to problem (P)-(M). This problem was solved numerically using discrete state space dynamic
programming methods based on a standard grid search with the norm of the capital stock

partition equal to 0.0025. °> See Christiano (1989 ) or Danthine and Donaldson (1989) for a

* Another interpretation is that agents irrationally base their decisions on a subjective perception that the
Markov process for this economy is M whilein fact the true shock generator is M’. While in substance the two
interpretations are materially different, in practice the results are the same. In other words, we have verified
that generating macro and financial statistics using the M’ matrix while agents decision rules have been
derived on the basis of the M matrix yields essentially the same results as using the M matrix to represent both
the expected and the actual process but purging from the observations any realisations of the depression state
provided we are careful to also remove all observations posterior to arealization of the depression state until the
economy has returned to its “normal” steady state values.

®> Note that, by its very nature which implies that the “ action” is far away from the steady state, the problem
raised cannot be solved efficiently via computation methods based on approximations around the steady state.



detailed summary of these procedures. For all smulation runs, b = 0.99, d = 0.025 and a =
0.36.
In all cases, the time series respected the rel ationships:
ctki,z) = f(k.n(k,z))z - x(k.z) 3
and Kk, =k (1- d)+x(k,,z) 4
Financial statistics were completed using the now-standard perspective of Lucas (1978)
and Mehra and Prescott (1985). In particular, the dividend stream d(k: ,z) of the equity
security was constructed as per :
d(k,,z) =  (k.n(k,2))z - Wk, z)n(k,,2,) - x(k,,2) ®)
where w(k,,z) , the period wage rate, satisfied
wik,.2,) = f,(k.n(k;.2))z . (6)
and w(k,,z)n(k,,z) defines the representative firm’s period t wage bill. Using the dividend
series so constructed, the (conditional) price g°(k:, z) of the equity security was recursively

computed according to the equation

- n(k
q°(k,z) = b(‘)ul(ﬁ(l((g(ll; Z‘Zf;i Eik‘”z’tz)‘)”»[qe(km, Zy) +d(Key, 20)I0Fy (2252) - (7)

We note for later use that a recursive solution to (7) leads to the following price
representation for the equity security:

~u,(c
@ =E g b 0
€1 u,(c.1- n,)

L= N, s}
e U (8)
g

At al times the above expectation was computed using the conditional shock
distribution dF,, (z.,,;z) obtained from the full matrix M; i.e., at al times investors priced the
equity security taking into account the possibility of a disaster state. Using these prices, the

time series of equity returns was then computed in the obvious way:



—_ qe(kt+1’zt+1) + d(kt+1’zt+1) _ 1
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In alike fashion, the price of a one period risk free debt security , o, is given by
'(k, 2) =bg{ ftaem T Salar, (z,:2) (10
with the conditional risk free rate defined correspondingly as
rb(kt,z[):b;-l (11)
q (ki z)

If such a security is in positive net supply (as we may later choose to assume), the
definition of the dividend stream must be accordingly modified:

d(k,.z) = f(k..n(k,.z))z - wk,,z)n(k,,z) - x(k,z)- Br’(k.z) (12)
where B denotes the (positive) net supply of bonds issued by the representative firm. Note that
this abstraction requires a notion of decentralisation which admits multi-period firms. See
Altug and Labadie (1994) or Danthine and Donaldson (1995) for possibilitiesin this regard.

2. The Benchmark case: a M acroeconomic Assessment

In this section we verify that our main expectational assumption is not falsified when
the model results are confronted with macro observations. For our benchmark case (z; =0.60 ,
h =0.008 and f = 0.20), the disaster state is expected to occur approximately once every 100
guarters or, on average, roughly once every 25 years. For these parameter values, the
likelihood of not observing z; in a sample period of 40 years is 28% (see Appendix 1). If and
when a disaster state occurs, output declines to about 50% of its mean value for one quarter
and investment almost comes to a halt.® Consumption falls by about 30% for one quarter.
Labour supply also decreases by about 20%. All variables return to normal almost immediately
because the effect of the shock on the capital stock is small (k declines by less than 1%).

Investment and employment overshoot to some extent.
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For reference, we present in the second panel of Table (1) the case where the shocks z;
and z, are chosen so that for h = 0 (no possibility of entering the disaster state), the model
replicates, amost exactly, Hansen's (1985) indivisible labour economy results. Note that the
model's results are generaly consistent with the statistical summary of the United States
economy although consumption is too smooth.

In the third panel of Table (1) we report the average statistics for a complete set of
500'000 observations derived from the (P)-(M) model. For this case, there is no short sample
problem and the disaster actually occurs with the stationary frequency computed above. We
see that the effect of the presence of the disaster state ex-post is to make the economy
substantially more variable, especially investment. To some degree, this perception is affected
by the extent to which the periods of depression are allowed to pull down the estimated trend.
To correct for this effect, we report (columns (d), Table (1)) the standard deviations of the
stationary probability distributions without detrending. A comparison of the corresponding
numbers shows that the detrending procedure exaggerates the effect on the standard deviation
of investment but that, as an approximation, the introduction of the disaster state can be said to
increase the “dtationary” or “unconditional” variability of the macro-aggregates by 50%
(undetrended data).

Let us now turn to the case where the disaster state is anticipated but not realised.
Panel (4) of Table (1) presents the results for a complete set of 200 x 160 observations. The
disaster state is absent from each of these 200 runs. Comparing columns (@) and (b) of Panels
(2) and (4) we see that the addition of the pure possibility of the disaster occurrence has little
effect at business cycle frequencies. Neither the detrended standard deviations nor the
detrended correlations appear to be materially affected. Something more is reveded if we

examine the undetrended statistics (columns (c) and (d) of Panels (2) and (4)). Comparing

® The direct effect of technology shock is amplified by the induced decline in labor inpu.
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mean values (column (C)), we observe a consistent increase across all macro-aggregates when
adisaster state is anticipated but never realised. The percentage increase ranges from a high of
3.6% for investment and capital stock, to a low of 0.67% in the case of employment. As a
result of these latter shifts, output and consumption are, on average, higher as well.

How may these findings be interpreted? Relative to consumer-investors in the standard
Hansen (1985) model (no disaster state anticipated or experienced), agents in the benchmark
economy perceive an increase in risk, even if the disaster state is never realised. They can
partidly self-insure against this risk by saving more (and, as we'll see later, by attempting to
hold more risk free assets) and accumulating capital. While the consequences of this
precautionary-like behaviour are not large, this is not surprising given the small stationary
probability of being in the disaster state.

We may thus conclude, at this level of observation and within the confines of the
adopted parameter specifications, that it is not possible to reject the hypothesis that a small
probability disaster state is part of economic agents expectations sets. In other words, whether
the perceived probability of a disaster is positive or null, our ability (or inability) to explain
macroeconomic observations is unchanged since the data summary is largely unaffected.

In Appendix 2, we confirm these results for alternative parameter values. For a broad
range of values of f , h, and z; consistent with the depression state remaining a small
probability event, the macroeconomic properties of our model remain very close to those of the
standard Hansen (1985) business cycle model. Accordingly we fedl justified in exploring its
financia implications for these parameter specifications.

3. The Benchmark Case: Financial Implications

Comforted that our specific expectational assumption is not falsified by macro data, we

now turn to examining the financia properties of the benchmark case. As noted in the

introduction, it has been understood for some time (e.g., Evans (1997)) that peso effects can

12



have a substantial influence on financial data, and it is of interest to examine the extent to
which this is manifest in our general equilibrium context. Table (2) presents the results of the
model for the base case of Table (1).

Panel (2) illustrates the force of the classica equity premium puzzle of Mehra and
Prescott (1985) tranglated into our production setting: the risk free rate is much too high and
the equity return too low relative to the stylised facts of the United States economy (Panel (1)).
As aresult the premium is trivially small. At this stage, one may worry that the Hansen model
is nothing but a strawman for the study of the equity premium puzzle. Indeed, the status of
current research efforts, as reviewed by Kocherlakota (1996) for example, suggests avoiding a
perfect market, frictionless equilibrium model in the quest for a solution to the puzzle. Yet, we
believe that, in light of our successes to come, the weakness of the platform we build on
strengthens rather than it diminishes our message vis-avis the importance of peso
considerations for asset pricing.

If a possible disaster state (z:=0.6) is appended to the model (our Benchmark), and if
the disaster is experienced with the same relative frequency as anticipated (Panel 3(i)), the
premium does increase dramatically (in fact more than 100 times), but still remains much below
its observed level, despite the fact that this economy is now more than three times as variable
than the United States economy (see Table (1)). While both risky and risk free returns display
appropriately greater volatility than in the base Hansen (1985) model, the volatility of the risk
free rate now exceeds that of the equity return, which is counterfactual. If the coefficient of
relative risk aversion is increased to g=3 (Panel 3(ii)), the upper bound on its generaly
accepted range of plausible values, the premium, while rising further, still falls dramatically

short of its empirically observed level.” Increasing risk aversion does further increase volatility,

" In this case the preferences of the representative agent are hypothesized to be of the form:

1-

u(G,1- n)=55+An.
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but the relative rankings of the equity and risk free securities remains inverted, indeed,
increasingly so. These results suggest that, in the context of a production economy, the
introduction of a disaster state alone does not significantly improve the ability of this class of
models to replicate the generally accepted financial stylised facts.

If we examine the analogous statistics from a sample in which the anticipated disaster
state has not materialised (Panel 3(iii)), however, the results are very different. The risk free
rate, in particular, is seen to decline very considerably, while the equity return assumes more or
lessits value in the original Hansen (1985) model. These effects together give rise to a 1.62%
premium. While still short of the United States historical value, the latter number fairly well
approximates what is observed for non-United States developed countries. In addition, the
volatilities, while too low, are now in the correct relative relationship.

The first step in the interpretation of this series of results is the realisation that the risk
of a catastrophic quarter or string of quartersis borne exclusively by equity holders and not at
all by bond holders. The occasional experience of a depression state in itself generates a larger
premium made of a decrease in the return on the (more desirable) risk-free asset and an
increase in the expected return on the (less desirable) risky asset. Indeed, this is the thrust of
the Rietz (1988) solution of the equity puzzle to be discussed at length below. In addition, the
presence of a catastrophic state destroys the normality of the pricing kernel. Backus, Fores
and Telmer (1996) show that an increase in the skewness and kurtosis of pricing kernels both
tend to decrease the risk free rate. A disaster state does both. In our case, as already noted, the
effect is significant but small: the equity premium remains below 1%.

But more is at work specifically attributable to the peso problem. As just observed, the
pure possibility of a catastrophic state makes the premium larger. And this is the case despite
the fact that, going into the catastrophe, the return on equity is very low (negative) while going

out of the catastrophe the return on bonds is very high. The former observation is easy to
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understand, the latter results from the fact that the depression state is a bad time for saving: the
expected consumption in the succeeding periods will be much higher, and thus the expected
margina utility of consumption much lower, than in the disaster state itself. Low expected
marginal utility of consumption tomorrow and a high marginal utility of consumption today
trandates into low asset prices in general (see egns. (8) and (10)). This effect is relatively much
more significant for the risk free security. Because of the positive probability of exiting the
depression state, i.e. of a much better shock (z; or z;) in the near future, and the zero
probability of being hit by a worse shock in the interim, the equity investment nearly dominates
the risk free asset. The pressure on the price of the latter is thus more pronounced than on the
price of the former.

When we study the statistical properties of time series in which the disaster state is
absent, we precisely exclude those states where the risk-free-security-price is the lowest and
the risk-free return is the highest. The lower tail of the price distribution (representing the
disaster states)--equivalently, the higher tail of the return distribution -- is thus eliminated. This
accounts for the substantially lower mean risk free return in the sample. For the equity
security, these same events are also eliminated but they represent a much smaller proportion of
the high return states than in the case of the risk free security. Accordingly, the mean returns
are lower for both securities (relative to the situation in which the disaster is experienced) but
the effect is much greater for the risk free security. This same logic also accounts for the
substantially lower standard deviation of returns to both securities.

Thisintuition is formalised in the following proposition:

Proposition: Under appropriate assumptions, the stationary price distribution for the risk free
security in the case where the disaster state is not observed stochastically dominates (1st order
stochastic dominance) the corresponding distribution over the full set of shock realisations.

Proof: see Appendix 3.
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4. A Plausible Macro Model without Risk Premium Puzzle

Drawing the lessons of the last two sections we can envision the possibility of
simultaneoudly replicating the main stylised facts of the business cycle and matching the first
moments of financial returns. We first try to understand if the preceding results can be
strengthened by generalising the set of admissible parameters. Two possibilities immediately
suggest themselves. The first isto admit a higher degree of relative risk aversion on the part of
the representative agent. In the standard Hansen (1985) formulation, this change has the
consequence of making the risk free security more desirable (thereby lowering its return), and
the risky security less desirable (raising its return), with the joint consequence that the premium
increases. In our context, the fear of the disaster may even strengthen the effect for highly risk
averse agents. A drawback to this device, however, isthat there is a concomitant effect in the
behaviour of the economy’s macroaggregates. substantial increasesin risk aversion tend to
force equilibrium output and consumption to be excessively smooth relative to the data.

A second parameter with which it is natural to experiment is B, the level of outstanding
risk free firm debt (see egn. (11)): positive debt issuance represents, via the attendant interest
charges, afixed claim against the firm'’ s dividend stream. This has the consegquence of making
the dividend stream proportionately more variable. Asaresult, the price of the equity security
would be expected to fall and the return rise, everything else equal. Since the agent also owns
the firm’s debt, he receives the interest payments and his income path (dividends, interest, and
wages) is thus unaffected by a change in the firm’s capital structure. Asaresult, his
consumption and investment streams are similarly unaffected by such a modification, with the
consequence that no attendant change is to be expected whether in the return characteristics of
the risk free asset or in the economy’ s macrodynamics.

Table (3) provides results for a representative set of risk aversion ¥ debt level

parameter combinations. Panel (1) repeats the benchmark results for ease of comparison.
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Panel (2) illustrates a case in which no debt is present but where the coefficient of relative risk
aversion risesto g=3. Anincrease in risk aversion increases the demand for both securities, but
proportionately for the risk free one much more so. Asaresult, its expected return declines
very significantly and the premium rises to 2.22%. Since greater risk aversion givesriseto an
optimal consumption path that is much more smooth, however, there is less intertemporal
variation in the equilibrium pricing kernel with the consequence that the volatilities of all
securities, as well as of the consumption growth rate, decline.

Panel (3) captures a pure increase in the economy’s debt level to B=2. In this case, the
value of the firm, which equals the value of its capital stock is 11.53; a debt level of B=2 thus
corresponds to a debt/equity ratio of 0.21. In the case of g=3 (Panel (4), to be considered
shortly), the average capital stock is 13.10; the debt/equity ratio for the same B=2is 0.18.

In the case of g=1, B=2, the mean equity return increases to 4.56% from 4.09% (B=0).
With no change in the risk free return, the average premium rises to 2.10%. With both
modifications (Panel (4)) the premium increases to 2.85%. If B is further increased to B=4, a
premium of 3.88% is achieved (Panel (5)).

Equipped with this knowledge, we present in Table (4) what can be viewed as our main
model specification. The choice of parameters differs from the cases presented earlier
principally in two respects. First, z;=0.5; that is, the anticipated (but never experienced)
decline in output is somewhat larger. Second, f =0; whenever the economy experiences a
disaster it is of short duration. As aresult, the stationary probability of the disaster is now less
than 1% (0.00792)! Thisisthus a scenario of more severe but very short lived and low

stationary probability disaster states. The coefficient of relative risk aversionis set at g=3. In

8 |t also makes sense to consider variationsin h and f. We find, however, that unless these parameters are
chosen so that the jointly determined stationary probability is relatively high (approaching 7%), the effects of
increasing h or f, singly or jointly, issmall. For the same range of parameters as are present in Table (2) Part
2, for example, the premium varies from alow of 1.62 to a high of 1.70 (the f =0.9 case). This showsin
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order to offset the reduced aggregate variation attendant to this latter choice, the shock
dispersion isincreased somewhat to z;=1.028 and z,=0.972. The level of debt is increased
dightly to B = 2.5.

We see that this case replicates the first moments of United States security returns
almost exactly. The premium is 6.2%, as contrasted with 6.18% in United States data.
Although the mean equity return is a bit too low (and similarly for the mean risk free rate), this
shortfall could easily be remedied by postulating a somewhat higher Debt/Equity ratio. Return
volatilities remain much too low, however, for the reasons noted earlier. These results are
obtained in amodel whose business cycle properties are in line with those of the celebrated
Hansen (1985) model. Consumption is a bit smoother here and the same is true for
employment, but the macro literature offers several aternatives for improvements in these
directions and this issue should not occupy us much here. Note, however, that the fact that we
obtain our favourable financial results in amodel with very little consumption volatility
suggests that our peso mechanism is substantially different from those considered heretofore in
the literature. The other three series display approximately the correct volatilities and the
correlation structure is also very satisfactory.

We find these results striking: hereis a calibrated macroeconomic model with perfectly
respectable business cycle properties. Agents are moderately risk averse and there are no
frictions. Y et, there is nothing puzzling in mean asset returns: the equity premium of this
economy corresponds almost exactly to the 6.2% observed in the United States economy. This
exercise forcefully illustrates the power of peso considerations for asset returns. More
generaly, it suggests the sensitivity of traditional results to small and plausible perturbationsin

expectations assumptions. In that light, not only is the United States equity premium somewhat

particular that the premium is not significantly affected, one way or another, by the expected duration of the
disaster state. In the rest of this section, we do consider other changesin f and zs.
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less of apuzzle, but it isaso less surprising to register large variations in equity premia across
time periods and geographical locations. Indeed it is clear that the full range of international
premia could be replicated with small changes in our parameter specification.
5. Related literature

Results similar in spirit to those presented in the previous section are presented in
Cecchetti et. a. (1997). Those authors consider a Lucas (1978) style exchange economy, in
which the representative consumer-investor believes in atrangition matrix that isfalse. They
find that financial returns computed when the economy’ s dividend growth process follows the
true transition matrix yet where agent’ s security demands are derived under the assumption of
the false matrix allows the resolution of the equity premium puzzle at the level of first
moments. While our model adds the further discipline and complication of a production setting,
we are effectively endowing our agent with distorted beliefs relative to the actual time series of
shocks, and in that sense our results and theirs are in perfect congruence. In view of our later
discussion of second moments, it is noteworthy that Cecchetti et. al. (1997) goes on to show
that a satisfactory matching of the second moments of security returns requires that the
representative consumer believes not only in afalse matrix but also one which istime varying.

At this stage it is aso worthwhile to review Rietz's (1988) claimed solution to the
equity premium puzzle. Rietz (1988) examines the implication of introducing a disaster state
for the pricing of financia assets in the context of a pure exchange economy closely similar to
the original setting of Mehra and Prescott (1985). In that setting, consumption and output
coincide and the source of uncertainty lies is the stochastic process governing the growth rate
of output. Rietz (1988) adds a disaster-growth-rate state. The probability transition matrix
governing the consumption growth rate he employs is, in fact, identical to our matrix M with
f = 0 (no persistence in the disaster state). He is able to obtain risk premia in the range of 5-

7% with combinations of the time discount factor b in the range of [0.96, 0.99] in conjunction
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with coefficients of relative risk aversion in the range [5, 9] when, in the disaster state,

consumption falls to one half its average value (see Rietz (1988), Table (2)°). These results are

generated for h parameter values in the range of h e [0.0001, 0.004].

Our production economy is more complex than the economy of Rietz (1988). With z; =
0.5, output in our model also declines by dightly more than one-half relative to its average, but
consumption does not. In a production economy, agents have the power to smooth
consumption by altering their investment plans. Such smoothing ability reduces the variance of
the representative agent’s MRS and the pricing effects are expected to be less dramatic than in
Rietz (1988). But how much less dramatic? To gain insight on this question, we examined the
financial statistics for our model in the case wherezy = 1.021, z, = 0.979, zz = 0.5, h = 0.004, g
=9andf =0, asituation which directly corresponds to Rietz's (1988, Table 2). All statistics
were computed from the full time series in which the disaster state was present with the
appropriate frequency. In this case, the economy displayed alevel of variability substantialy in
excess of what is typically observed. In particular, the standard deviation of output achieved a
level of 2.51% percent; investment displayed a variability of 34.73% percent. Nevertheless, the
observed premium was only in the neighbourhood of 0.38%. If the relative magnitudes of z
and z were reduced so that the model’s variation better reflected the true business cycle
stylised facts, the premium would have been even lower. These results confirm an earlier
conclusion: the introduction of a disaster state into a production economy, in itself, is not an
effective way to explain the financial stylised facts if the standard properties of the business
cycle are to be preserved.

6. Welfare

® Preferences in Mehra and Prescott (1985) and Rietz (1988) are described by a utility function of the form (no

cko
labor-leisure choice): u(c;) =——

1-9
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We have repeatedly insisted on the necessity maintaining discipline in an inquiry such as
ours. To that end, we have considered only plausibly catastrophic events, occurring with very
small attached probability, so that the macroeconomic impact of the induced behavioural
changesis minimal. In this section we take an extra step by asking the question of the welfare
consequences of anticipating a disaster state which never materialise. Indeed, one can
conjecture that such anticipation will induce agents to deviate from their optimal investment-
consumption-labour supply decisions and that, as aresult, their welfare will be lower. It is of
interest to measure the magnitude of thisloss; i.e. how costly are the expectations “ mistakes”
that we have allowed so far, and, consequently, how large are the incentives to adjust these
expectations?

This question was formalised in two aternative ways. The first approach runs as
follows: initialy, the average period utility of consumption under the matrix M’ was computed
for aparticular set of parameter values. This corresponded to the case in which agents neither
anticipate, nor experience the disaster state; it is an exact replication of Hansen’s (1985)
indivisible labour economy. An identical calculation (for the same parameters) was undertaken
for the restricted series (zz not present in the sample), where the decision rules were obtained
from the solution of (P)-(M) (disaster anticipation). The consumption transfer that an agent
operating under the « (P)-(M)-restricted sample/no disaster » would have to pay (or receive) in
order to achieve the same mean period utility asif he had solved (P)-(M’) was then computed.
That is, we solved for the quantity x which satisfied:

E{U(c, +x,1- n,);M;restrictedsample} = E{U (¢, 1- n);M'}

For the base Hansen (1985) case ((P)-(M’)), E{U(c,,1- n,)} =-1.053052. The results
of this comparison for a sample of cases are presented in Table (5). The cases reported are

representative in that for all cases, x < 0, and ¢x/Ecg assumed a value in the range of 1%. We

21



see that, once in the stationary state — that is in terms of the new stationary probabilities
resulting from his altered optimal behaviour -, the representative agent is dightly better off if he
believes and prepares for the possibility of a disaster state (but none is observed). This, of
course, means that the entire cost of his pessimistic expectationsis borne in the transition to
the stationary state, that isin the first periods of his behavioural adjustment, during which time
he consumes | ess, saves more and accumulates additional capital. The latter trandates into
higher steady state consumption, at least if the disaster state does not materialise. While these
adjustments appear appropriately small, it isfair to observe that, since, on the whole, agents
must be worse off (otherwise the optimal policy under (M") would not be optimal), it must be
that the sacrifices made in the transition are larger than the present value of the steady state
gains, which, with our discount rate of 0.99 per quarter, can be estimated at 25% of the yearly
consumption flow.

A question remains. once the effective transition costs are weighted against the higher
steady state utility, what is the overall net cost of expecting a disaster that does not materialise?
To answer this question we compute the average utility levels that the representative agent
would attain, starting from the same capital stock level, in either of two scenarios for the
economic future: no disaster state economy, i.e., problem P-M and disaster state expected P-
M’ but none actually present in the data. To this end, we first compute the optimal decision
rules corresponding to each problem P-M and P-M’. Using the latter, we generate one
thousand independent individua time series of equilibrium consumption and hours, each of ten
thousand consecutive elements, all beginning from the corresponding problem steady state

capital stock level k3. Let us these be denoted by {(c',n""): j =1,..,1000;t =1,..,10000} . For

these series the average discounted utility was constructed according to the formula

Pgogao gl
AUM-=ﬁia9abu(ct“,”,»,n?,”,»)¥

Timet=
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Lastly, the equivalent constant consumption level, T,,., i.€., the constant consumption

level providing identical utility was obtained as the solution to

19% R
a b'u(cy.,fy.) = AU,

t=1
where N,,.is the average level of employment across the thousand time series.

In an identical procedural fashion, the analogous quantities were computed using the
decision rules for problem P-M, yet for the case in which the disaster state did not appear in
any of the one thousand series (in practice, the actual shocks were generated according to M’).
The equivalent constant consumption series corresponding to the P-M economy with no

observed disaster, c,,.,,, Was thus computed as the solution to

10000 . ~ ] 1900 540000 . . gl
A b'U(Cy . ) = AUy = i@ G bu(@™, ™)y

t=1 | 1€ t=1
where the notation is as indicated with nd meaning ‘ no disaster observed'.
Table 5 contains the results of this exercise for a representative set of parameters. In all

cases, the difference in the values of ¢,,.and c,,.,q isin the order of 0.002% - essentially

inconsequential. This suggests that the overall cost of expecting and preparing for a small
probability event that does not materialise is very small. Notice that for this comparison we

have standardised the employment level at fi,,.. Wereit standardised at f,, .., , asimilar result

is obtained. In all cases the starting capital stock is k..
7. Conclusions

In the context of a dynamic general equilibrium mode, we have explored the
consequences of letting agents believe in the possibility of a disaster state. We have shown that
allowing for such a posshbility has substantia implications for the properties of financia

returns, most dramatically so when the disaster state is not observed in the sample data
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Macroaggregates, by contrast, are more robust to this modification. We believe the lesson of
this inquiry to be useful because most recent macroeconomic and financial modelling exercises
implicitly or explicitly assume both that economic agents have an assured knowledge of the
relevant stationary probability distributions and that the latter are satisfactorily characterised by
the properties of relatively short historical data samples.

The idea proposed in this paper represents, in some sense, a departure from the full
rational expectations perspective that has been so fruitful for macroeconomic theorising over
the past twenty-five-years. Its appeal liesin its reasonableness and parsimony: we require only
that agents fear, and prepare for, events which may not ultimately occur. It is, nevertheless, a
dangerous path to follow precisely because our results show that our understanding of reality
can be very sensitive to expectational assumptions which we cannot test directly. We have
attempted to manage this danger by restricting ourselves to the expectation of relatively
plausible small probability events for which the out-of-sample time series on which we based
our statistical computations have a high probability of actually being observed, i.e., that, short
of amuch longer data sample than what is customary, agents’ expectations, while not fully
verified, are not falsified either. Moreover, we have argued that out-of-sample considerations,
if they are to be integral to a successful theory, must contribute to an explanation of the
broadest possible range of stylised facts, both macroeconomic and financial.

We have found that the possibility of a disaster state manifests itself most spectacularly
by a decrease in the average equilibrium risk free rate which trand ates into a substantial
increase in the equity premium and we have produced a reasonable model specification for
which both business cycle characteristics and mean financial returns accord well with United
States observations.

We do not want to argue that thisis the solution to the equity premium puzzle. By the

nature of our exercise, we will never be able to prove that catastrophic expectations such as

24



those we model were indeed part of the market participants information sets. This leaves the
door open to competing or complementary explanations for the high observed premium.
Moreover, we recognise that observations on the second moments of financial returns falsify
our mode! asit stands. While it can be argued that there are well known avenues for increasing
return volatilities,"® it would not be consistent with our call for checking the broad implications
of amodelling hypothesis such as oursto claim victory before second moments are
satisfactorily replicated as well.

Still we find it striking that the 6.2% equity premium is obtained in an economy where
agents are only moderately risk averse and where there are no frictions. In our view, this
exercise forcefully illustrates the power of peso considerations for asset returns. More
generaly, we conclude that traditional results are highly sensitive to small and plausible
perturbations in expectations assumptions. In that light, not only is the United States equity
premium less of a puzzle, but we also find it less surprising to observe large variations in equity

premia across time periods and geographical locations.
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Appendix 1

A. Stationary probabilities

The stationary probability distribution (P, P,, Ps), for respectively, states 1, 2, and 3
satisfies:
(P1, P2, P3) ¢ M = (Py, Py, Ps)

Solving for the shock transition matrix given by

¢ 097 003-h hy
M = go.os- h 0.97 hg
E5(1-f) 051-f) f§

2hP,
1- f

the implied system of equation yields P, = P,; P; =

For f =0.2 and h=0.008, one thus obtain: P,=0.495; P,=0.495; P;=0.0099, or approximately
99/10,000. For h=0.0008, P;=0.00099 or 99/100,000 while P;=0.000495 for h=0.0004 and
f=0.2. For the other values of f and h used in the text, the following P; probabilities are
obtained:

h= \f= 0 1 2
0.0004 0.000396 0.00044 0.000495
0.004 0.00396 0.0044 0.00495
0.008 0.00792 0.0088 0.0099
0.01 0.0099 0.011 0.0124
0.016 0.01584 0.0176 0.0198
B. Probability of 160 consecutive trials without the appearance of z;

Let us define

sP=Prob(z * z5,i=1,2,..,n-1, z, = 7 | 21 = 7).
The probability that z; is not observed in 160 consecutive trials can then be expressed
%{3 F'll,io’“spllgo’fspzlio’fspzlf } , assuming an equal probability of starting either
from state 1 or state 2.

These probabilities are computed as follows. Let us define the submatrix M by

. 6097 003-hy
M=a O
€©03-h 097 §
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and let M*® correspond to the above matrix raised to the 160™ power with entries M1%.
Then
P = WD = WP, PED = W P2 =

See Kemeny and Snell (1976).
In the case of the parameters underlying Table 1 (Panel 4)

i L6097 00220 .. €01384 013820
“&o22 097l ~&.1382 0.1384¢

The desired probability isthus (1){0.1384 + 0.1382 + 0.1384 + .01382} = 0.277.

Appendix 2

This appendix presents and comments upon the macroeconomic implications of altering
the parameter specification adopted for the benchmark case of Section 3. Table (6), Part 1
provides descriptive statistics for awide range of h values. In every case the disaster state is
anticipated but not observed in the time series from which the statistics were computed (same
procedure asin Table (1), Panel 4). Focusing first on the detrended business cycle statistics
(columns (a) and (b), we see that our original conclusion is sustained: the variationsin the
model’ s macro aggregates seem almost entirely unaffected by increasesin h. Undetrended
variation appears to be affected even less. Similar statements apply when we compare these
results to the case of h=0 (Panel 2 of Table (1)). Noatice that the precautionary effect is also
evident: relative to the case of h=0.0004, investment and employment are higher when
h=0.015. These latter effects, once again, are not large, but then neither is the stationary
probability of disaster, even when h=0.015.

Part 2 of Table (6) undertakes the analogous comparison across various values of f. In
the right most Pandl (3) (f =0.9), the stationary probability of disaster is more substantial than
in any of the prior cases and it is of particular interest to see what effects this has. At business
cycle frequencies (column (a) and (b)) we see once again that the correlation structure is
unaltered across al the cases. With the exception of consumption, all detrended macro series
become progressively less variable asf increase, with the effect becoming quite pronounced as
f=0.9 isachieved. The proportionate declinein variability in greatest for investment, followed
by employment. The relative variation characteristic of the business cycleis largely maintained,
however.

For al undetrended series (consumption included) variation declines asf increases,
with the effect being, again, especialy significant when f islarge (high stationary probability of
the disaster). Thereis aso a simultaneous uniform increase in (columns (c)) the mean values
of al the series. Thislatter data (Table 6, Part 2) provides a more dramatic illustration of the
pseudo precautionary effect noted earlier.

On balance, these cases reinforce our earlier conclusions: the presence of an unrealised
but anticipated disaster state does not materially ater the ability of this class of models to
replicate the stylised facts of the business cycle for plausible parameterisations of the likelihood
of disaster (f =0.9 is probably not plausible). If we accept this family of models as a reasonable
approximation to underlying processes generating real world data, we are forced to conclude
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that it is not possible to exclude the possibility of peso phenomena underlying actual reported
statistics. Our results also suggest that the decline in savings experienced by the United States
economy during the recent prolonged expansion may in part be interpreted as reflecting a
reduced probability of disaster in the mind of the typical consumer —investor.

The remaining parameter which may have some effect is the parameter z; which
measures the severity of the disaster (rather than the frequency asin the prior discussion).
Here the effects are totally consistent with our earlier conclusions. Consider the resultsin
Table (7) which considers a representative selection of z; values. The messageis
unambiguous: the severity of the anticipated disaster has little effect on the equilibrium time
series either detrended or undetrended. This further reinforces our conclusion: for this class of
models, peso considerations are not inconsistent with the observed equilibrium time series of
macroaggregates.

Appendix 3

Proposition 3.1: Consider the model described by (P)-(M) and suppose the following
additional assumptions are satisfied:

(i) f=0
(i) Let Fq(.,..) denote the conditional equilibrium price distribution for the risk
free security under the shock transition matrix M, and let g, g. Then

Fu (0,07) £ Fy (0;0°), where we interpret this to mean that for any g,
Pr(ac. £0;0; =0}) £Pr(a. £6;9, =)

Then there exists a disaster state zs, sufficiently low in value, for which the stationary risk free
asset price distribution under (P)-(M") first order stochastically dominates the distribution
under (P)-(M).

Proof: Under the functional forms specified by (P)-(M), al the assumptions of Donaldson and
Mehra (1983), section IV are satisfied. Thus the solution to (P)-(M) is atriple of continuous
decision rules c(k,z), x(k,z) and n(k,z) which describe the economy’ s equilibrium consumption,
investment and labour supply functions for each pair of state variables (k,z). These decision
rules describe the evolution of the economy under (P)-(M¢ aswell. By the repeated
application of thisinvestment function x(k,z), in the context of the equation of motion on
capital stock,

Kt+1 = (1'\M kt + X(kt, Zt)

there also exists a stationary probability distribution for the joint stochastic process on capital
stock, shock pairs to which the economy converges.

We consider a discrete approximation to this continuous stationary distribution in order to
correspond more directly to the results of the smulation.

By equation (10), to each capital stock-shock pair (ki, z) in the stationary distribution there
corresponds a unique risk free asset price ¢° (k;, ). Let us denote by Mg, the probability
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transition matrix describing the evolution of the risk free asset price under (P)-(M) where we
order the prices according to

b o b b
0, >Q;>...>Q,

Let Q={q;,q5.....q,}. Selectarbitrary q°,q’T Q, where g’ =q°(k;,z) and g° = g°(k;,z,).
Then

PP =Pr(g,,=,0’ =q)

itk =(1- Wk +x(k,,z,)

: P ij P14
0 otherwise

N
A

where Py = Pr(zv1=z; 2= 2), 2,21 {21, 22, Z3}.

Step 1: Wefirst wish to show that there exists a z, such that if z, £ 7;, ° (ki, z) £ ¢ (k;, Z)
for al (ki, z) wherez, = z; and dl (k;, z) where z * z,.

Proof: Since c(k,z) £ f(k,n(k,2))z, we know there exists a z;(z; = 0 isadmissible; by
continuity a z; >0 may be chosen) such that if z, £ z,

okpz) _ clk,z,)
c(k&k;,z;),z;) c(k&k,,z,),z,)

for any k;, ki in the stationary distribution where kgk, z) = (1 - W) k + x(k, 2) and z, z, z,1

c(k.,
{z1,25}. It follows from the above inequality, since f =0, that b ¢y (k;.22)
(k€K 2,),2,)

5 ok, 2) dr,(z,; z,), for any k;, k in the stationary distribution. Given that U(c, 1-n)
C(kl ! Zk)1zn)
= /nc+ A /nn, we may conclude that o° (k;, zs) £ ° (ki, z)) for any k;, k; in the stationary
distribution provided z, * z; as desired.

sz (Zi : 23)

Step 2: Let Fy be asin the statement of the theorem and let Fy be the analogous conditional
distribution under (P) — (M¢. Then for any g°T Q,

Fuel0: 07) £ Ry (a;07).

This inequality follows from the following observation. Let g° =q°(k;,z). Under F,(q°;q")
there will be positive probability mass h for ° = °((1-Wk: + x(ki,z;),zs); under F,(Q;q°) this
entry will be zero and the entry corresponding to z; or z, correspondingly greater (in
probability). Since q (k,zs) < o° (K,z), z 1 {z1,25} for any k, F,,(q;q”) has lower probability
on the least possible (conditional) value of ¢.,;=q° and higher probability elsewhere. Thisis
sufficient for the result.
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Step 3: conclude the proof. By assumption we know that F, (g;q’) £ F, (q;¢7) for all
q; £q7. Furthermore, by step 2

Fud(d:0}) £ Ry (a97)
Thus, for dl g7 £¢7,

Fue(@ ) £ Ry (0;07)

By theorem 4.B.16 in Shanked and Shanthikumar (1994), we can conclude that the stationary

risk free asset price distribution under (P)-(M¢ 1% order stochastically dominates the
distribution under (P)-(M).
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Tablel
Aggregate Statistics: Benchmark M odel

3) (4)

(1) _ (2 ) Disaster State Anticipated and Disaster State Anticipated but not
U.S. Economy® Hansen® Model ™ Present in the Sample™ Present in the Sample®™
Series @ (b) @ (b) (© (d) @ (b) (© (d) @ (b) (© (d)
Output 1.76 1.00 | 1.71 1.00 1.101 0.040 | 574 1.00 1.12 0.065| 1.74 1.00 1.12 0.042
045  (0) (0.020)  (0.008)

Consumption 1.29 0.85 | 0.52 0.86 0.824 0.019( 3.08 0.94 0.829 0.031 51 085 0.832 0.019
(0.13)  (0.175) (0.013)  (0.005)
Investment 8.60 0.92 | 550 0.99 0.277 0.026 | 51.80 0.98 0.287 0.037 | 556 0.99 0.287 0.028
(1.45)  (0.022) (0.0075)  (0.0053)
Capita Stock 0.63 0.04 | 047 0.07 1111 0310 | 0.54 -11 1147 0360 | 047 0.06 11.50 0.353
(013)  (0.089)  (0.254)  (0.094)
Employment 1.66 0.76 | 1.27 0.98 0.300 0.006 | 2.74 0.98 0.302 0.010 | 1.32 0.98 0.302 0.007
(034  (0.024)  (0.0011) (0.001)

() —standard deviation in percent, H-P filtered data
(b) — correlation with output, H-P filtered data

(c) —mean values, raw data, undetrended

(d) —standard deviation, raw data undetrended

(i) Source: Hansen (1985), Table (1); quarterly data detrended using the H-P filter (Hodrick-Prescott (1980))

(if) Hansen® model corresponds to the case where z,=1.021, z,=0.979, z3=0, h=0; statistics computed from artificial data.

(iii) This full sample case assumes z;=1.021, z,=0.979, z;=0.6, h=.008, f=0.20. Statistics are computed from 500,001 data pointsin which z;
was observed with frequency consistent with M.

(iv) Statistics computed for the same parameter set and decision rules asin Panel (3) but for 200 runs of 160 consecutive data pointsin which z;
was not present; standard deviations of estimates in parentheses.



Table?2

Sdect Financial Statistics

1)

(2

©)
Benchmark Modéd

U.S. Hansen 2,=1.021, z,=0.979, z;=0.6, h=0.008, f =0.2, g=0, except in (ii)
Economy Model
() (i) (iii)
Disaster State Disaster State Disaster State
Anticipated and Anticipated and Anticipated But not
Present in Sample Present in Sample, Present in Sample
=3
Series (@ (b) @) (b) @ (b) @ (b) @) (b)
re 6.98 1654 | 411 0.53 4.22 3.20 4.29 4,14 4.09 0.44
(0.0944)  (0.0795)
rP 0.80 567 | 411 0.35 3.87 6.48 3.73 8.89 2.46 0.37
(0.1215)  (0.0646)
rP=rer® 6.18 16.76 | 0.0006 0.30 0.35 6.48 0.56 8.58 1.62 0.15
(0.044) (0.031)
Dividend growth 1.98 1311 | 0 8.81 0 10.52 0 10.52 0 9.63
(0.53) (2.70)
Consumption growth 187 | 0 0.76 0 233 0 1.09 0 0.75
(0.1048)  (0.16)

(a) mean values
(b) standard deviation (raw data).

Standard deviations of estimates in parentheses



Table3

Select Financial Statistics
Various g, B Combinations
For all Cases, z,=1.021, 2,=0.979, z3=0.6, h=0.008, f =0.20

z; Anticipated But Not Present in the Sample

D 2 ©) 4) ®)
o1, B=0 g=3, B=0 o1, B=2 =3, B=2 =3, B=4
(D/E=0) (D/E=0) (D/E=0.21) (D/E=0.18) (D/E=0.36)
Series @ (b) @ (b) @ (b) @ (b) @ (b)
re 4.09 0.44 4.02 42 4.56 0.45 4.65 0.42 5.68 0.43
(0.0944)  (0.0795) | (0.1285)  (0.0696) |  (0.098) (0.0812) (0.1332)  (0.0697) | (0.1494)  (0.0720)
r 2.46 0.37 1.80 0.33 2.46 0.37 1.80 0.33 1.80 0.33
(0.1215)  (0.0646) | (0.1743) (0.0584) | (0.1215)  (0.0646) (0.1743)  (0.0584) | (0.1743)  (0.0584)
P =rerP 1.62 0.15 222 0.21 2.10 0.16 2.85 0.20 3.88 0.20
(0.044)  (0.031) (0.0575)  (0.0380) | (0.0418)  (0.0349) (0.0536)  (0.0388) | (0.0407)  (0.0427)
Dividend Growth 0 9.63 0 7.76 0 12.28 0 9.10 0 10.74
(0.53) (2.70) (0.4228)  (2.136) (0.7088)  (3.5593) (0.4978)  (2.53) (0.600) (3.037)
Consumption Growth 0 0.75 0 0.34 0 0.75 0 0.34 0 0.34
(0.1048)  (0.16) (0.0404)  (0.0744) | (0.1048)  (0.1563) (0.0404)  (0.0744) |  (0.0404)  (0.0744)

(a) mean values
(b) standard deviation (raw data).
Standard deviations of estimates in parentheses



Table4

Matching Macr oaggr egate and Financial Moments
Disaster Anticipated But Not Realized
2=1.028, 2,=0.972, z;=0.5, f =0, g=3, h=0.008, B=2.5 (D/E=0.31)

Series €) (b) Series () (d)
Output 1.70 1.00 re 6.53 0.48
(0.45) (0) (0.24) (0.09)
Consumption 33 0.89 rP 0.33 0.44
(0.08) (0.209) (0.24) (0.08)
Investment 5.78 0.99 rP=re- P 6.20 0.23
(1.54) (0.141) (0.025) (0.087)
Capital Stock 0.50 0.000
(0.14) (0.096)
Employment 0.90 0.89
(0.25) (0.136)

(a) Standard deviations, in percent, H-P filtered data

(c) Mean valuesin percent
Standard deviations of estimates in parentheses

(b) Correlations with output, H-P filtered data
(d) Standard deviation in percent



Table5

Welfare Comparisons

Disaster State Expected or Not

M¢ h=0.008 M¢ h=0.016 M¢ h=0.016
f=0; z;=0.5 f=0.2; z;=0.6 f=0.2; z;=0.5
Ty .8254234 .8254234 0.8254234
c .8254173 .8254104 0.8254114
M ,nd
EU(c, 1-ny) -1.044579 -1.044083 -1.04387
X -0.007019 -0.007436 -0.007616
X/Ec; -0.84% -0.89% -0.91%




Table 6"

Comparative Dynamics. z; Anticipated but Not Realized
z2,=1.021, z,=0.979, z;=0.6

Part 1
Changesin h
f=0.2
1) ) )
h=0.0004 h=0.008 h=0.015
Series (@ (b) (© (d) (@ (b) (© (d) (@ (b) (© (d)
Output 171 100 1105 0041 | 174 100 112 0042 169 100 112 0.041
(044) (0 (0.020) (0.008) | (0.45) ) (0.020)  (0.008) (044)  (0) (0.019) (0.008)
Consumption 052 085 0825 0019 [ 051 085 0.832 0019 052 085 0.833 0019
(0.13)  (0.173)  (0.013) (0.005) | (0.13) (0.175)  (0.013) (0.005) (0.13)  (0.194) (0.013) (0.005)
Investment 554 099 0279 0027 | 556 099 0287 0028 533 098 0288 0027
(142)  (0.024)  (0.0071) (0.0050) | (1.45) (0.022) (0.0075)  (0.0053) (1.39)  (0.141)  (0.007) (0.0051)
Capital Stock 047 007 11170 0332 | 047 006 1150 0.353 045 007 1154 0334
(0.13)  (0.068)  (0.240) (0.088) | (0.13) (0.089)  (0.254) (0.094) (0.13)  (0.093) (0.235) (0.088)
Employment 129 098 0301 00065| 1.32 098 0302 0.007 126 097 0302  0.0064
(0.33)  (0.025)  (0.0010) (0.001) | (0.34) (0.024)  (0.0011)  (0.001) (0.33)  (0.140) (0.001) (0.001)
Stationary Probability 0 0.0099 0.0184

(@) (b) (c) (d) —same interpretations as in Table 1; standard deviations of estimates in parentheses



Part 2

Changesin f
h=0.008
(1) ) ©)
f=0 f=0.4 f=0.9
Series (@ (b) (© (d) (@ (b) (© (d) (@ (b) (© (d)
Output 174 100 1119 0042 ( .72 100 112 0.041 164 100 119 0.040
(045 (0) (0.020) (0.008) | (045  (0) (0.019) (0.008) | (0.42) (0) (0.018)  (0.007)
Consumption 051 085 0832 0019 | 052 085 0833 0.019 0.55 087 0864 0.019
(013) (0194 (0.013) (0.005) | (0.13)  (0.184) (0.013) (0.005) | (0.14) (0.189) (0.012)  (0.004)
Investment 559 0.98 0287 0028 | 541 098 0288 0.027 4.76 098 0327 0.026
(145  (0.141) (0.008)  (0.005) | (1.43)  (0.142) (0.007) (0.005) | (1.23) (0.142)  (0.006)  (0.005)
Capital Stock 048 007 11490 0355 | 046 007 1154 0.340 0.40 0.07 13.087 0.308
(013)  (0.094) (0255  (0.094) | (0.13)  (0.092) (0.236) (0.089) | (0.11) (0.093) (0.212)  (0.079)
Employment 132 097 0302 0007 | 1.28 097 0302 0.0065 | 1.18 097 0309 0.006
(0.35)  (0.141) (0.001)  (0.001) | (0.34)  (0.141) (0.001) (0.001) | (0.30) (0.141) (0.001)  (0.001)
Stationary Probability 0 0.013 0.0741

(@) (b) (c) (d) —same interpretations as in Table 1; standard deviations of estimates in parentheses



Changesin z;: Disaster Anticipated But Not Realized
f=0.2, h=0.008, z;=1.201, z,=0.979

Table 70

1 2 ©)
25=0.6 23=0.5 23=0.4

Series @ (b) © (d) @ (b) © (d) @ (b) © (d)
Output 174 1.00 112 0.042 174 1.00 112 0.042 1.73 1.00 112 0.042

(0.45) (0) (0.020) (0.008) (0.45) (0) (0.020) (0.008) (0.45) (0) 0(.020) (0.008)
Consumption 051 085 0.832 0.019 051 084 0.832 0.019 051 083 0.832 0.019

(0.13) (0.175)  (0.013) (0.005) (0.13) (0.197) (0.013) (0.005) (0.13) (0.197) (0.013) (0.005)
Investment 556 0.99 0.287 0.028 561 0.98 0.287  0.028 556 098 0.287 0.028

(1.45) (0.022) (0.0075) (0.0053) (1.46) (0.141) (0.0075) (0.0053) (1.47) (0.141) (0.0075)  (0.0053)
Capita Stock 047 0.06 1150 0.353 048 0.07 11.50 0.354 048 007 1150 0.360

(0.13) (0.089) (0.254) (0.094) (0.14)  (0.093) (0.255) (0.094) (0.14) (0.093) (0.256) (0.095)
Employment 132 098 0.302 0.007 133 0.97 0.302  0.007 132 098 0.302 0.007

(0.34) (0.024)  (0.0011) (0.001) (0.35)  (0.140) (0.0011) (0.0013) (0.35) (0.140) (0.0011)  (0.0013)

O(@), (b), (c), (d) asin Table 1. Standard deviations of estimates in parentheses.



