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Abstract

In order to develop a model that �ts both business cycles and asset pricing facts, this paper

introduces a small, time-varying risk of economic disaster in an otherwise standard real business

cycle model. This simple feature can generate large and volatile risk premia. Under some conditions,

the risk of disaster does not a¤ect the path of macroeconomic aggregates, but in general it does:

there is no �separation theorem�between quantities and prices (unlike Tallarini (2000)). An increase

in the perceived probability of disaster can lead to a collapse of investment and a recession, with

no current or future change in productivity. This model thus allows to analyze the e¤ect of �time-

varying beliefs� or �time-varying risk aversion� on the macroeconomy. Interestingly, this model is

(at least qualitatively) consistent with the well-known facts that the stock market, the yield curve,

and the short rate predict GDP growth, facts which are di¢ cult to replicate in a standard model.

Keywords: business cycles, equity premium, term premium, return predictability, disasters, rare

events, jumps.

JEL code: E32, E44, G12

1 Introduction

The empirical �nance literature has provided substantial evidence that risk premia are time-varying

(e.g. Campbell and Shiller (1988), Fama and French (1989), Ferson and Harvey (1991), Cochrane

(2005)). Yet, standard business cycle models such as the real business cycle model, or the DSGE models

used for monetary policy analysis, largely fail to replicate the level and the cyclicality of risk premia.

This seems an important neglect, since empirical work suggests a tight connection between risk premia

and economic activity. For instance, Philippon (2008) and Gilchrist and Zakrajsek (2007) show that

corporate bonds spreads are highly correlated with real physical investment, both in the time series and
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in the cross-section. A large research, summarized in Backus, Routledge and Zin (2008), shows that the

stock market, the term premium, and (negatively) the short rate all lead the cycle.1

I introduce time-varying risk premia in a standard business cycle model, through a small, stochas-

tically time-varying risk of a �disaster�, following the work of Rietz (1988), Barro (2006), and Gabaix

(2007). Existing work has so far con�ned itself to endowment economies, and hence does not consider

the feedback from time-varying risk premia to macroeconomic activity. I show that an increase in the

perceived probability of disaster can create a collapse of investment and a recession, as risk premia rise

and increase the cost of capital. These business cycle dynamics occur with no change in total factor

productivity. Under some conditions the increase in probability of disaster is observationally equivalent

to a preference shock, which is interesting since these shocks appear to be important in accounting for

the data (e.g., Smets and Wouters (2003)). The simple model is also, at least qualitatively, consistent

with the lead-lag relationships between asset prices and the macroeconomy mentioned above.

This risk of an economic disaster could be a strictly rational expectation, or more generally it could

re�ect a time-varying belief which may di¤er from the objective probability (i.e. the �perceived probabil-

ity�of disaster is what matters). During the recent �nancial crisis, many commentators have highlighted

the possibility that the U.S. economy could fall into another Great Depression. My model studies the

macroeconomic e¤ect of such time-varying beliefs. Of course in reality this change in probability of

disaster may be an endogenous variable and not an exogenous shock. But it is useful to understand

the e¤ect of an increase in aggregate risk premia on the macroeconomy. This simple modeling device

captures the idea that aggregate uncertainty is sometimes high, i.e. people sometimes worry about the

possibility of a deep recession. It also captures the idea that there are some asset price changes which

are not obviously related to current or future TFP, i.e. �bubbles� and �crashes�, and which in turn

a¤ect the macroeconomy.

Introducing time-varying risk premia requires solving a model using nonlinear methods, i.e. going

beyond the �rst-order approximation and considering �higher order terms�. Researchers disagree on

the importance of these higher order terms, and a fairly common view is that they are irrelevant for

macroeconomic quantities (e.g. Tallarini (2000), Campanale et al. (2007)). Lucas (2003) summarizes:

�Tallarini uses preferences of the Epstein-Zin type, with an intertemporal substitution elasticity of one,

to construct a real business cycle model of the U.S. economy. He �nds an astonishing separation of

quantity and asset price determination: The behavior of aggregate quantities depends hardly at all on

attitudes toward risk, so the coe¢ cient of risk aversion is left free to account for the equity premium

perfectly.�2 My results show, however, that these higher-order terms can have a signi�cant e¤ect on

macroeconomic dynamics, when we consider shocks to the probability of disaster.3

1Schwert (1989) and Bloom (2008) also show that stock market volatility negatively leads economic activity.
2Note that Tallarini (2000) actually picks the risk aversion coe¢ cient to match the Sharpe ratio of equity, but return

volatility is very low in his model since there are no capital adjustment costs.
3Cochrane (2005, p. 296-297) also discusses in detail the Tallarini (2000) result: �Tallarini explores a di¤erent possibility,

one that I think we should keep in mind; that maybe the divorce between real business cycle macroeconomics and �nance

isn�t that short-sighted after all (at least leaving out welfare questions, in which case models with identical dynamics

can make wildly di¤erent predictions). (...) The Epstein�Zin preferences allow him to raise risk aversion while keeping

intertemporal substitution constant. As he does so, he is better able to account for the market price of risk (...) but the
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The paper is organized as follows: the rest of the introduction reviews the literature. Section 2

studies a simple analytical example in an AK model which can be solved in closed form. Section 3

gives the setup of the full model and presents some analytical results. Section 4 studies the quantitative

implications of the model numerically.

Literature Review

This paper is mostly related to three strands of literature. First, a large literature in �nance builds

and estimates models which attempt to match not only the equity premium and the risk-free rate, but

also the predictability of returns and potentially the term structure. Two prominent examples are Bansal

and Yaron (2004) and Campbell and Cochrane (1999). However, this literature is limited to endowment

economies, and hence is of limited use to analyze the business cycle or to study policy questions.

Second, a smaller literature studies business cycle models (i.e. they endogenize consumption, in-

vestment and output), and attempts to match not only business cycle statistics but also asset returns

�rst and second moments. My project is closely related to these papers (A non-exhaustive list would

include Jermann (1998), Tallarini (2000), Boldrin, Christiano and Fisher (2001), Lettau and Uhlig

(2001), Kaltenbrunner and Lochstoer (2008), Campanele et al. (2008), Croce (2005), Gourio (2008c),

Papanikolaou (2008), Kuehn (2008), Uhlig (2006), Jaccard (2008), Fernandez-Villaverde et al. (2008)).

Most of these papers consider only the implications of productivity shocks, and generally study only the

mean and standard deviations of return, and not the predictability of returns. Many of these papers

abstract from hours variation. Several of these papers note that quantities dynamics are una¤ected by

risk aversion,4 hence it is sometimes said that matching asset pricing facts need not a¤ect the business

cycle implications of the model. Recently some authors have also tried to generate time-varying risk

premia in monetary models (e.g. Swanson and Rudebusch (2008a and 2008b)). The long-run target is

to have a medium-scale DSGE model (as in Smets and Wouters (2003) or Christiano, Eichenbaum and

Evans (2005)) that is roughly consistent with asset prices.

Finally, the paper draws from the recent literature on �disasters� or rare events (Rietz (1988),

Barro (2006), Barro and Ursua (2008), Gabaix (2007), Farhi and Gabaix (2008), Martin (2007), Gourio

(2008a and 2008b), Julliard and Ghosh (2008), Santa Clara and Yan (2008), Wachter (2008), Weitzmann

(2007)). Disasters are a powerful way to generate large risk premia. Moreover, as we will see, disasters

are relatively easy to embed into a standard macroeconomic model.

The project will also relate its �ndings to the empirical �nance literature discussed above linking

risk premia and the business cycle. There has been much interest lately in the evidence that the stock

market leads TFP and GDP, which has motivated introducing �news shocks�(e.g.,Beaudry and Portier

(2006), Jaimovich and Rebelo (2008)), but my model suggests that this same evidence could also be

rationalized by shocks to risk premia (i.e. shocks to the probability of disasters).

Last, the paper has the same �avor as Bloom (2008) in that an increase in aggregate uncertainty

creates a recession, but the mechanism and the focus of the paper - asset prices- is di¤erent.

quantity dynamics remain almost unchanged. In Tallarini�s world, macroeconomists might well not have noticed the need

for large risk aversion.�
4Fernandez-Villaverde et al. (2008) use perturbation methods and report that the �rst three terms are independent of

risk aversion (there is, of course, a steady-state adjustment).
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2 A simple analytical example in an AK economy

To highlight a key mechanism of the paper, consider a simple economy with a representative consumer

who has Epstein-Zin preferences, i.e. his utility Vt satis�es the recursion:

Vt =

�
(1� �)C1�t + �Et

�
V 1��t+1

� 1�
1��

� 1
1�

; (1)

where Ct is consumption; note that � measures risk aversion towards static gambles,  is the inverse

of the intertemporal elasticity of substitution (IES) and � re�ects time preference.5 This consumer has

access to an AK technology:

Yt = AtKt;

where Yt is output,Kt is capital, and At is a stochastic technology which is assumed to follow a stationary

Markov process with transition Q: The resource constraint is:

Ct + It � AtKt:

The economy is randomly hit by disasters. A disaster destroys a share bk of the capital stock. This

could be due to a war which physically destroys capital, to expropriation of capital holders (e.g. if the

capital is taken away and then not used as e¤ectively), or it could be a �technological revolution�that

makes a large share of the capital worthless. The law of accumulation for capital is thus:

Kt+1 = (1� �)Kt + It; if xt+1 = 0;

= ((1� �)Kt + It) (1� bk), if xt+1 = 1;

where xt+1 is a binomial variable which is 1 with probability pt and 0 with probability 1 � pt: The

probability of disaster pt is assumed to vary over time, but to maintain tractability I assume in this

section that it is i:i:d:: pt, the probability of a disaster at time t+1; is drawn at time t from a constant

cumulative distribution function F: A disaster does not a¤ect productivity At.6 Finally, I assume that

pt+1; At+1; and xt+1 are independent.

This model has one endogenous state K and two exogenous states A and p; and there is one control

variable C: The Bellman equation for the representative consumer is:

V (K;A; p) = max
C;I

�
(1� �)C1� + �

�
Ep0;x0;A0V (K 0; A0; p0)

1��
� 1�
1��
� 1

1�

s:t: :

C + I � AK;

K 0 = ((1� �)K + I) (1� x0bk) :

De�ne W (K;A; p) = V (K;A; p)1� . Then we can guess and verify that W is of the form W (K;A; p) =

K1�g(A; p); with

g(A; p) = max
i

8><>:
(1� �) (A� i)1�

+� (1� � + i)1�
�
1� p+ p(1� bk)1��

� 1�
1��

�
Ep0;A0g(A0; p0)

1��
1�

� 1�
1��

9>=>; ;
5As explained in Gourio (2008b) and Wachter (2008), the disaster model with standard power utility has counterfactual

implications, which are resolved with Epstein-Zin utility.
6 In an AK model, a permanent reduction in productivity would lead to a permanent reduction in the growth rate of

the economy, since permanent shocks to A a¤ect the growth rate permanently.
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where i = I
K is the investment rate.7 The �rst-order condition with respect to i yields, after rearranging:�

A� i
1� � + i

��
=

�

1� �
�
1� p+ p(1� bk)1��

� 1�
1��

�
Ep0;A0g(A0; p0)

1��
1�

� 1�
1��

:

Given the assumption that p is i:i:d:, the expectation of g next period is independent of the current p.

Hence, assuming that risk aversion � � 1, i is increasing in p if and only  > 1 i.e. the intertemporal

elasticity of substitution is less than unity. The intuition for this result is as follows:8 if p goes up, the

expected risk-adjusted return on capital
�
1� p+ p(1� bk)1��

� 1
1�� goes down since there is a higher risk

of disaster. However, the e¤ect of a change in the expected return on the consumption/savings choice

depends on the value of the IES, because of o¤setting wealth and substitution e¤ects. If the IES is unity

(i.e. utility is log), savings are unchanged and thus the savings or investment rate does not respond

to a change in the probability of disaster. But if the IES is larger than unity, the substitution e¤ect

dominates, and i is decreasing in p (under the maintained assumption that � � 1). Hence, an increase

in the probability of disaster leads initially, in this model, to a decrease in investment and an increase

in consumption (since output is unchanged on impact). In the subsequent periods, the decrease in

investment leads to a decrease in the capital stock and hence in output. This simple analytical example

thus shows that a change in the perceived probability of disaster can lead to a decline in investment and

output. While the preceding example is revealing,9 a serious examination of the role of beliefs regarding

disasters requires a quantitative model.

3 Quantitative model: a RBC model with disasters

This section introduces a real business cycle model with time-varying risk of disaster and study its

implications, �rst analytically, and then numerically. This model extends the simple example of the

previous section in the following dimensions: (a) the probability of disaster is not i:i:d: but can be

persistent; (b) the production function is neoclassical; (c) labor is elastically supplied; (d) disasters may

a¤ect total factor productivity as well as capital; (e) there are capital adjustment costs.

3.1 Model Setup

The representative consumer has preferences of the Epstein-Zin form, and the utility index incorporates

hours worked Nt as well as consumption Ct:

Vt =

�
(1� �)u(Ct; Nt)1� + �Et

�
V 1��t+1

� 1�
1��

� 1
1�

; (2)

where the per period felicity function u(C;N) is assumed to have the following form:10

u(C;N) = C�(1�N)1��:
7Note that if  > 1 the max needs to be transformed into a min.
8This intuition is similar to that spelled out in Weil (1989) in a consumption-savings example with exogenous returns.
9This example is related to work by Epaulard and Pommeret (2003), Jones, Manuelli and Siu (2005a, 2005b), and to

the earlier work of Obstfeld (1994).
10Future work will consider di¤erent speci�cations, e.g. with a higher elasticity of labor supply.
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There is a representative �rm, which produces output using a standard Cobb-Douglas production func-

tion:

Yt = K
�
t (ztNt)

1��
;

where zt is total factor productivity (TFP), to be described below. The �rm accumulates capital subject

to adjustment costs:

Kt+1 = (1� �)Kt + �

�
It
Kt

�
Kt; if xt+1 = 0;

=

�
(1� �)Kt + �

�
It
Kt

�
Kt

�
(1� bk), if xt+1 = 1;

where � is a concave function, which curvature captures adjustment costs, and xt+1 is 1 if there is a

disaster at time t+1 (with probability pt) and 0 otherwise (probability 1� pt). The resource constraint

is

Ct + It � Yt:

Finally, we describe the shock processes. Total factor productivity is a¤ected by the �business cycles�

normal shocks "t as well as jumps (disasters). A disaster reduces TFP by a permanent amount bz :

log zt+1 = log zt + �+ �"t+1; if xt+1 = 0;

= log zt + �+ �"t+1 + log(1� bz); if xt+1 = 1,

where � is the drift of TFP, and � is the standard deviation of small �business cycles� shocks. More-

over, pt follows a stationary Markov process with transition Q: I assume that pt+1; "t+1; and xt+1 are

independent conditional on pt: This assumption requires that the occurrence of a disaster today does

not a¤ect the probability of a disaster tomorrow.11

3.2 Bellman Equation

This model has three states: capital K, technology z and probability of disaster p, and two indepen-

dent controls: consumption C and hours worked N . Denote V (K; z; p) the value function, and de�ne

W (K; z; p) = V (K; z; p)1� : The social planning problem can be formulated as:12

W (K; z; p) = max
C;I;N

(
(1� �)

�
C�(1�N)1��

�1�
+ �

�
Ep0;z0;x0W (K

0; z0; p0)
1��
1�
� 1�

1��
)
; (3)

s:t: :

C + I � z1��K�N1��;

K 0 =

�
(1� �)K + �

�
I

K

�
K

�
(1� x0bk) ;

log z0 = log z + �+ �"0 + x0 log(1� bz):
11This assumption could be wrong either way: a disaster today may indicate that the economy is entering a phase of

low growth or is less resilient than thought; but on the other hand, if a disaster occurred today, and capital or TFP fell

by a large amount, it is unlikely that they will fall again by a large amount next year. Rather, historical evidence suggests

that the economy is likely to grow above trend for a while (Gourio (2008)). Future work will study the implications of

relaxing these independence assumptions.
12Here too, if  > 1 the max needs to be transformed into a min.
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A standard homogeneity argument implies that we can write W (K; z; p) = z�(1�)g(k; p); where k =

K=z, and g satis�es the associated Bellman equation:

g (k; p) = max
c;i;N

8>><>>:
(1� �)c�(1�)(1�N)(1��)(1�)

+�e��(1�)
�
Ep0;"0;x0e

�"0�(1��) �1� x0 + x0(1� btfp)�(1��)� g (k0; p0) 1��1�
� 1�

1��

9>>=>>; ;(4)
s:t: :

c = k�N1�� � i;

k0 =
(1� x0bk)

�
(1� �)k + �

�
i
k

�
k
�

e�+�"0 (1� x0btfp)
:

Here c = C=z and i = I=z are detrended consumption and investment, respectively. This Bellman

equation will lead to some analytical results, and can further be studied using standard numerical

methods.

3.3 Asset Prices

It is straightforward to compute asset prices in this economy. The stochastic discount factor is given by

the formula

Mt;t+1 = �

�
Ct+1
Ct

��(1�)�1�
1�Nt+1
1�Nt

�(1��)(1�)0@ Vt+1

Et
�
V 1��t+1

� 1
1��

1A��

: (5)

The price of a purely risk-free asset is

Prf;t = Et (Mt;t+1)
def
= Prf (k; p):

Following Barro (2006), I will assume that government bonds are not risk-free but are subject to default

risk during disasters.13 More precisely, if there is a disaster, then with probability q the bonds will

default and the recovery rate will be r: The T-Bill price can then be easily computed as

P1;t = Et (Mt;t+1(1� xt+1q(1� r)))
def
= P1(k; p):

Computing the yield curve is conceptually easy using the standard recursion for zero-coupon bonds:14

Pn;t = Et (Mt;t+1Pn�1;t+1(1� xt+1q(1� r))
def
= Pn(k; p):

The ex-dividend value of the �rm Ft is de�ned through the value recursion:

Ft = Et (Mt;t+1 (Dt+1 + Ft+1)) ;

where Dt = F (Kt; ztNt) � wtNt � It is the payout of the representative �rm, and wt is the wage rate.

This value satis�es the q�theoretic relation:

Ft =
(1� pbk)Kt+1

�0
�
It
Kt

� ; (6)

13Empirically, default often takes the form of high rates of in�ation which reduces the real value of nominal government

debt.
14Note the implicit assumption that a disaster simply reduces the face value of the bond (and does not a¤ect its

maturity).
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so that if we de�ne Tobin�s q as Qt = Ft
(1�pbk)Kt+1

, we have Qt = �
0
�
It
Kt

�
; and Qt is one in the limiting

case of no adjustment costs. In the standard model, p = 0, but here the amount of capital available

tomorrow is unknown, since some capital may be destroyed if there is a disaster. Finally, the equity

return is obtained as

Rt;t+1 =
Dt+1 + Ft+1

Ft
:

Using equation (6), we can �nd an equivalent expression for the equity return, the investment return:

Rt;t+1 =
Ft+1 +Dt+1

Ft
=

(1�pbk)Kt+2

�0
�
It+1
Kt+1

� +Dt+1

(1�pbk)Kt+1

�0( ItKt
)

= �0
�
It
Kt

�241� � + �
�
It+1
Kt+1

�
�0
�
It+1
Kt+1

� (1� xt+1bk) +
�K�

t+1N
1��
t+1 � It+1
Kt+1

35 :
This expression is similar to that in Jermann (1998) or Kaltenbrunner and Lochstoer (2008), but for the

presence of the term (1� xt+1bk), which re�ects the capital destruction following a disaster. Finally, I

will also compute the price of two additional assets, a levered claim to consumption, de�ned by its payo¤

C�t , where � is a leverage parameter, and a levered claim to dividends, de�ned by its payo¤D�2
t :

15 ;16

3.4 Analytical results: su¢ cient conditions for a separation theorem

Before turning to the quantitative analysis, it is useful to point out two simple analytical results which

follow directly from the Bellman equation above:

Proposition 1 Assume that the probability of disaster p is constant, and that bk = btfp i.e. TFP

and capital fall by the same amount if there is a disaster. Then, in a sample without disaster, the

quantities implied by the model (consumption, investment, hours, output and capital) are the same

as those implied by the model with no disasters (p = 0), but a di¤erent time discount factor �� =

�(1 � p + p(1 � bk)�(1��))
1�
1�� : Moreover, assuming � > 1; �� < � if and only if  < 1: Asset prices,

however, will be di¤erent under the two models.

Proof. Notice that if bk = btfp; then k0 =
((1��)k+�( ik )k)

e�+�"0
is independent of the realization of disaster

x0: Hence, we can rewrite the Bellman equation as

g (k) = max
c;i;N

8>><>>:
(1� �)c�(1�)(1�N)(1��)(1�)

+�e��(1�)
�
Ex0

�
1� x0 + x0(1� btfp)�(1��)

�
E"0e

�"0�(1��)g (k0)
1��
1�
� 1�

1��

9>>=>>; ;
i.e.:

g (k) = max
c;i;N

8<:(1� �)c�(1�)(1�N)(1��)(1�) + ��e��(1�)
 
E"0e

�"0�(1��)g (k0)
1��
1�

! 1�
1��
9=; :

15Note that for this last claim, since net payout may be negative, the leverage parameter �2 needs to be an odd integer;

moreover, the interpretation in terms of leverage is not fully satisfactory
16Add �nancial leverage.
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Finally note that the term in 1�� is purely a utility normalization, which can be taken out. Hence, we

see that this is the same Bellman equation as the one in a standard neoclassical model, with discount rate

��: As a result, the policy functions c = C=z, i = I=z; etc. are the same, so the implied quantities are

the same, as long as no disaster occurs.17 Asset prices, on the other hand, are driven by the stochastic

discount factor, which has the following expression (see the computational appendix):

M(k; k0; "0; x0) = �

�
z0

z

�(��)�+�(1�)�1�
c(k0)

c(k)

��(1�)�1�
1�N(k0)
1�N(k)

�(1��)(1�)
� :::0B@ g(k0)

1
1�

Ez0;x0
��

z0

z

��(1��)
g(k0)

1��
1�

� 1
1��

1CA
��

;

and of course the term z0=z depends on the realization of a disaster x0.

Discussion of Result 1: This result is in the spirit of Tallarini (2000): �xing the asset pricing proper-

ties of a RBC model may not lead to any change in the quantity dynamics.18 An economy with a high

equity risk premium (p > 0) is observationnally equivalent to the standard stochastic growth model

(p = 0), with a di¤erent �: The assumption that bk = btfp simpli�es the analysis: the steady-state of

the economy shifts due to a change in z, but the ratio of capital to productivity is una¤ected by the

disaster, i.e. the economy is in the same position relative to its steady-state after the disaster and before

the disaster. As a result, if we start in the steady-state of the economy, a disaster will simply reduce

investment, output, and consumption by a factor b, and hours will stay constant.

Without the adjustment of �, the quantity implications are very slightly di¤erent. This is illustrated

in the top panel of Figure 3 which depicts the impulse response of quantities to a TFP shock in three

models: (a) the model with p = 0, (b) the model with constant positive p, and (c) the benchmark

calibration with time-varying p: The di¤erences can be seen in the scale (y-axis), but they are tiny. For

this case, �� � :9893, which is very close to � = :99:Of course, asset prices will be di¤erent, and in

particular the equity premium will be higher, as seen in the bottom panel of Figure 1 - the average

returns are very di¤erent across the three models. The observational equivalence is broken in a long

enough sample since disasters must occur; or if one can trade assets contingent on disasters, since the

prices would be di¤erent under the two models.

Note that this same result implies that the steady-state level of capital stock (i.e., if the variance of

" is zero) will be changed, too. If risk aversion � is greater than unity, then �� < � if and only if  < 1;

i.e. an IES above unity. In this case, the lower risk-adjusted return leads people to save less, which

decreases the steady-state capital stock.

While this result is interesting, it is not fully satisfactory however, since the constant probability of

disaster implies (nearly) constant risk premia. This motivates extending the result for a time-varying p:

Proposition 2 Assume still that bk = btfp; but let now p vary over time. Then, in a sample without

disaster, the quantities implied by the model are the same as those implied by a model with no disasters,

but with stochastic discounting (i.e. � follows an exogenous stochastic process).

17Even after a disaster, the policy functions are the same. However, the destruction of capital in a disaster is not possible

in the model with p = 0 (the TFP decline is highly unlikely, it is possible).
18Gabaix (2009) proves some results with a similar �avor.
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Proof. This follows from a similar argument: rewrite the Bellman equation as:

g (k; p) = max
c;i;N

8>><>>:
(1� �)c�(1�)(1�N)(1��)(1�)

+�e��(1�)
�
Ex0

�
1� x0 + x0(1� btfp)�(1��)

�
E"0;p0e

�"0�(1��)g (k0; p0)
1��
1�
� 1�

1��

9>>=>>; ;
then de�ne �(p) = �Ex0

�
1� x0 + x0(1� btfp)�(1��)

�
; we have:

g (k; p) = max
c;i;N

8<:(1� �)c�(1�)(1�N)(1��)(1�) + �(p)e��(1�)
 
E"0;p0e

�"0�(1��)g (k0; p0)
1��
1�

! 1�
1��
9=; ;

i.e. the Bellman equation of a model with time-varying p:

Discussion of result 2: Result 2 shows that the time-varying risk of disaster has the same implications

for quantities as a preference shock. It is well known that these shocks have signi�cant e¤ect on

macroeconomic quantities (a point we will quantify later). Hence, this version of the model breaks the

�separation theorem�of Tallarini (2000): the source of time-varying risk premia in the model will a¤ect

quantity dynamics.

This result is interesting in light of the empirical literature which suggests that �preference shocks�

may be important (e.g., Smets and Wouters (2003)). Chari, Kehoe and McGrattan (2008) complain that

these shocks lack microfoundations. My model provides an (admittedly simple) microfoundation, which

allows to tie these shocks to asset prices. Of course, my model is much �smaller�than the medium-scale

models of Smets and Wouters (2003), or Christiano, Eichenbaum and Evans (2005), but I conjecture

that this equivalence should hold in larger versions.

3.5 Steady-state E¤ects when bk 6= btfp

When bk 6= btfp, the analytical results above do not hold. It is important to recognize that these

disasters have di¤erent e¤ect both in terms of the responses following a disaster, and in terms of their

e¤ect on steady-states (i.e. when no disaster is realized). The capital destruction acts like a reduction

in the return on capital (risk-adjusted) so its e¤ect on capital accumulation depends on the value of the

IES. The TFP disaster, on the other hand, has a standard precautionary savings e¤ect.

To understand the e¤ect of disasters when bk 6= btfp, it is useful to �rst consider the e¤ect on the

steady-state of capital, in a simple special case: expected utility ( = �), inelastic labor, no adjustment

costs, no shock "; and a constant probability of disaster. In this case, the Bellman equation reads

g(k) = max
c;i

8<: (1� �)(k� � i)1��

+�e�(1�)
�
(1� p) g

�
(1��)k+i

e�

�
+ p(1� btfp)1�g

�
(1��)k+i

e�

�
1�bk
1�btfp

���
9=; :

Taking the �rst-order condition with respect to i yields:

(1� �)(1� �)(k� � i(k))�� = �e��
0@ (1� p) g0

�
(1��)k+i(k)

e�

�
+p(1� btfp)� (1� bk) g0

�
(1��)k+i(k)

e�

�
1�bk
1�btfp

��
1A ;
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where i(k) is the optimal investment given the current k. The envelope condition is, for all k > 0 :

g0(k) = (1� �)(k� � i(k))���k��1(1� �)

+�e�� (1� �)

0@ (1� p) g0
�
(1��)k+i(k)

e�

�
+p(1� btfp)� (1� bk) g0

�
(1��)k+i(k)

e�

�
1�bk
1�btfp

��
1A :

Combining the two equations yields:

g0(k) = (1� �)(k� � i(k))��(1� �)(�k��1 + 1� �):

Consider a long sample path where no disasters are realized. Then, the level of capital converges to the

value k; and i to i which satisfy:

g0
�
k
�
= (�k

��1
+ 1� �)�e��

�
(1� p) g0(k) + p(1� btfp)� (1� bk) g0(�k)

	
;

or

1 = (�k
��1

+ 1� �)�e��
�
(1� p) + p(1� btfp)� (1� bk)

g0(�k)

g0(k)

�
; (7)

where � = 1�bk
1�btfp : Hence, if � = 1 we �nd a special case of Proposition 1: k satis�es the adjusted

user-cost rule:

1 = ��e��
�
�k

��1
+ 1� �

�
:

Equation (7) shows the forces which determine the �steady-state�capital level k: On the one hand, a

high bk reduces the return on capital. On the other hand, it increases the marginal value of a unit of

capital in the disaster (i.e. g0((1� bk)k) > g0(k)). Which e¤ect dominates depends on the IES.

This is illustrated by Figures 4 5 which present the average (ergodic) capital stock as a function of

bk and btfp, for two elasticities of substitution. When the IES is high, an increase in bk reduces the

stock of capital. When the IES is low, changing bk has essentially no e¤ect.

The e¤ect of a change in btfp is more standard: an increase in btfp leads to larger precautionary

savings and an increase in the stock of capital. These comparative statics are useful, because when we

explore the e¤ect of a change in the probability of disaster, a central e¤ect is that the economy tries to

alter its capital stock from one steady-state to another (up or down, depending on the composition of

disaster in bk and in btfp), which determines the investment and output responses.

4 Quantitative Results

In general of course, the model cannot be solved analytically, so I resort to a numerical approximation.

Of course, a nonlinear method is crucial to analyze time-varying risk premia. I use a simple value

function iteration (or policy function iteration) algorithm, which is described in detail in an Appendix.

This section �rst presents the calibration, which is still preliminary. Next, I study the implications

of the model for business cycle quantities and for the �rst and second moments of asset returns. Finally,

I discuss the cyclicality of asset returns.
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4.1 Calibration

Parameters are listed in Table 1. (This calibration and quantitative results are still preliminary and

can likely be improved.) Many parameters are fairly standard (see e.g. Cooley and Prescott (1995)).

Risk aversion is 8, but note that this is the risk aversion over the consumption-hours bundle. Since the

share of consumption in the utility index is .3, the e¤ective risk aversion is less than 3. Since hours

does not vary much when there is a disaster, this utility index is about three times less volatile than

consumption. The IES is set equal to 2, and adjustment costs are zero in the baseline model. One

crucial element is the probability and size of disaster. As in Barro (2006), I assume that bk = btfp = :43

and the probability is p = :017 per year on average. (Barro actually uses the historical distribution of

sizes of disaster. In his model, this distribution is equivalent to a single disaster with size 43%.) The

second crucial element is the persistence and volatility of movements in this probability of disaster. For

now I simply assume that this change in probability of disaster is volatile and highly persistent: � = :98

and " = :015: This is motivated by the results in Gourio (2008b) and Wachter (2008) who show that in

an endowment economy, these parameters are necessary to match the stock market volatility. Finally,

the leverage parameters � and �2 are both set equal to 3.

On top of this benchmark computation, I will also present results from di¤erent calibrations (no

disasters, constant probability of disasters, and di¤erent bk and btfp) to illustrate how the model works.

4.2 Response to shocks

4.2.1 The dynamic e¤ect of a disaster

Figures 1 and 2 present the dynamics of quantities and returns following a disaster, for each of the three

main cases: the benchmark model (bk = btfp = :43); a capital disaster (bk = :43 and btfp = 0); and a

TFP disaster (btfp = :43 and bk = 0). Note that to generate a large equity premium, a model must

endogenously generate that consumption and stock returns are extremely low during disasters. In the

benchmark model, as implied by proposition 2, there are no transitional dynamics following the disaster:

if the economy was close to the steady-state before the disaster, it will be close to a new steady-state

with lower TFP and lower capital after the disaster. Hence, a disaster will simply reduce investment,

output, and consumption by a factor b, and hours will stay constant.

The case of a capital disaster is interesting because it leads endogenously to a recovery. The return

on capital is low on impact because of the destruction, but consumption does not fall that much given

the anticipated recovery. Adding adjustment costs slows down the recovery, but makes the return on

capital not as bad since marginal Q increases after the disaster.

Finally, a TFP disaster without a capital destruction leads to a situation where the economy has too

much capital relative to its productivity. Investment falls to zero: the aggregate irreversibility constraint

binds. Consumption and output fall over time.19 In that case, the initial low return on capital is solely

due to the binding irreversibility constraint.

19For this last case, the investment return is not correct, because the FOC for investment does not hold.

12



4.2.2 The dynamic e¤ect of a TFP shock

As illustrated in �gure 3, the dynamics of quantities in response to a TFP shock are similar to those

of a standard model without disasters. Consumption, investment and employment are procyclical, and

investment is the most volatile series. The T-bill rate is procyclical, as is the equity return and Tobin�s

q: The equity premium is acyclical.20 These dynamics are very similar for all the calibrations considered

here. (The only di¤erence is that large adjustment costs tend to make employment countercyclical, as

noted in Boldrin, Christiano and Fisher (2001)).

4.2.3 The dynamic e¤ect of a shock to the probability of disaster

We can now perform the key experiment of a downward �shock� to the probability of disaster, which

leads to a decrease in risk premia. Figure 6 plots the (nonlinear) impulse response function to such a

shock.21 Investment increases, and consumption falls, as in the analytical example of section 2, since

the elasticity of substitution is assumed to be greater than unity. Employment increases too, through

an intertemporal substitution e¤ect: the risk-adjusted return to savings is high and thus working today

is more attractive. (This is in spite of a positive wealth e¤ect.) Hence, output increases because both

employment and the capital stock increase, even though there is no change in current or future total

factor productivity. This is one of the main result: this shock to the �perceived risk�leads to a boom.

After impact, total resources available grow, and so does consumption. These results are robust to

changes in parameter values, except of course for the IES which crucially determines the sign of the

responses, and the composition of disaster.22 The size of adjustment costs a¤ects the magnitude of the

response of investment and hours.23 The model predicts some negative comovement between C and I,

which is reminiscent of Barro and King (1984), but the quantitative signi�cance of this point depends

on the labor supply speci�cation.

Regarding asset prices, �gure 7 reveals that following the shock, the risk premium on equity decreases,

the yield curve becomes downward-sloping, and the short rate increases. Hence, in the model, a reduction

in risk premia leads to an economic expansion. Of course, on impact there is a reduction in risk premia,

so equity prices move up. The e¤ect is moderate (or even tiny) for an unlevered equity, but can be huge

for a levered equity.

20This model generate some positive autocorrelation of consumption growth, hence the dynamics of consumption are

qualitatively similar to those which are studied in Bansal and Yaron (2004). This could in principle generate larger risk

premia, however, as argued by Kaltenbrunner and Lochstoer (2008), this e¤ect is not quantitatively very important if

shocks are permanent and the IES is not small.
21The �gure plots the path implied by the model, starting in steady-state, if, at t = 6, the economy shifts from the low

probability of disaster to the high probability of disaster. For clarity, there are no further shocks to the probability of

disaster, no realized disaster, and no �normal shocks� ":
22 If the disaster only a¤ects TFP, then an increase in the probability of disaster leads to more savings and hence a boom

- the opposite sign of what is shown here; and this appears to be true regardless of the IES. This is consistent with the

comparative statics for the average level of capital discussed in section 2.5.
23The model predicts some negative comovement between C and I, which is reminiscent of Barro and King (1984), but

the quantitative signi�cance of this point depends on the labor supply speci�cation.
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4.3 First and second moments of asset returns and quantities

Table 2 reports the standard business cycle moments obtained from model simulations for a sample

without disasters. (Table 3 presents the same statistics in a full sample, i.e. a sample with disasters.)

Overall, the standard business cycle moments are largely preserved in this model - consumption is less

volatile than output, and investment is more volatile than output. The volatility of hours is low, a

standard defect of the basic RBC model given this labor supply speci�cation.

Introducing a constant probability of disaster does not change the moments signi�cantly (consistent

with the IRF shown in the previous section). However, the presence of the new shock - a change in the

probability of disaster - leads to additional dynamics. Speci�cally, the correlation of consumption with

output is reduced. Consumption and employment become somewhat more volatile. When the disaster

only a¤ect TFP, these e¤ects are very strong.

Turning to returns, table 4 and table 5 show that the benchmark model (row 3) can generate a large

equity premium: 60 basis points per quarter for unlevered equity; and 160 basis points (over 6% per year)

for a levered equity. Note that these risk premium are obtained with a risk aversion over consumption

which is less than 3. Moreover, these risk premia are computed over short-term government bonds,

which are not riskless in the model. Of course, without disasters, the model generates very small equity

premia. Finally, whether these risk premia are calculated in a sample with disasters or without disasters

does not matter much quantitatively - the risk premia are reduced by 15-20 basis point per quarter (see

table 5).

The model generates a slightly negative term premium, consistent with the evidence for indexed

bonds in the US and UK. In this model, the yield curve is similar to that of a Vacijek model, i.e.

long-term bond prices are more stable than short-term bond prices, and are mostly a¤ected by shocks

to the probability of disaster (a mean-reverting state variable). However, the model does not generate

enough volatility in the term premium.

The model also does not generate enough volatility in unlevered equity returns (only 9 basis points

in a sample without disasters). The intuition is that shocks to the probability of disaster a¤ect the

risk-free rate and the equity premium in roughly similar ways, so that equity prices and average returns

are not much a¤ected by it. The volatility is signi�cantly higher in a sample with disasters (2.12% per

quarter). These results are quite similar to Gourio (2008b) and Wachter (2008). Adding some �nancial

or operating leverage, and possibly some wage rigidities may help here. Rather than incorporating in

detail all these mechanisms, I consider the implications of the model for a claim to levered equity or

levered consumption. In this case, we �nd that the volatility is of the right order of magnitude: 5.01%

and 3.67% per quarter. Overall, I conclude that the model does a good job at �tting the �rst two

moments of asset returns, if one allows for some leverage.

4.4 Asset prices lead the business cycle

While most of the research has focused on the equity premium and the stock market volatility puzzle,

the cyclicality of asset prices is also intriguing. Three facts stand out. First, the stock market return

(or excess return) leads the business cycle. Second, the term spread leads the business cycle. Third,
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the short rate negatively leads the business cycle. Figure 8 illustrates these facts by plotting the cross-

correlogram of the growth rate of industrial production, with the short rate, the yield spread, the stock

market return, and the stock market excess return. (Data sources are in appendix; the black lines show

the two standard error bands.24 Using employment, consumption or personal income as measures of

economic activity rather than industrial production yields a similar picture.) These facts have been

documented for a long time.25 Indeed, the cyclicality of interest rates is often taken to mean that

monetary policy is creating, or reacting to, the business cycle.

Standard business cycle model are unable to replicate these facts however. I illustrate this by showing

the correlogram implied by a model with no disasters (keeping the same calibration as in the benchmark

model). Figure 9 shows that the model misses essentially all of these correlations, because risk premia

are nearly constant.

An interesting feature of the model is its ability to improve along this dimension. Figure 10 shows

the cross-correlogram implied by the benchmark model. For clarity, this is computed when there are

no TFP shocks, so the only impulse here is the probability of disaster shock. (The true correlogram is,

naturally, a mix of the correlogram for TFP shocks and for shocks to the probability of disaster.) The

model replicates roughly the fact that the term spread, the stock market return and excess return, and

the short rate lead output. The intuition is as follows: a shift from high to low probability of disaster

leads to an immediate reduction in risk premia, but output is a¤ected in part with a lag. Following the

shock, GDP growth falls, while the term spread is inverted, and the stock market excess return is lower.

The risk-free rate is higher due to lower precautionary savings. Hence, the model �ts the facts because

it generates some dynamic response of output to a shock to the probability of disaster.

5 Conclusions and Future Work

This work shows how introducing disasters into a standard RBC model both improves its �t of asset

return data, and creates some interesting new macroeconomic dynamics. Clearly the model still fails

quantitatively in some dimensions (e.g. the volatility of the term premium), which may be overcome by

a richer calibration or allowing for some additional frictions. However, the results are attractive given

the parsimony of the model.

There are several possible interesting extensions. First, it would be interesting to consider the e¤ect

of a time-varying risk of disaster in a richer business cycle model, e.g. one with collateral e¤ects or

choice of �nancial leverage, or a standard New Keynesian model. Second, one could also consider

alternative modeling of the dynamics of disasters (e.g. persistence in low growth regimes, recoveries

following disasters, and learning about the disaster state or about the disaster probability). Third, a

change in the aggregate risk a¤ects macroeconomic aggregates also by a¤ecting the willingness to take

on risk. This seems an interesting mechanism to explore: faced with an increase in the probability of

an economic disaster, investors shift resources to technologies and projects which are less exposed to

24These standard errors are computed using the Newey-West GMM formulas and the Delta method. See Cochrane

(2004), p. 217.
25See Backus, Routledge and Zin (2008), and the references therein.
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disasters. In doing so, they move the economy alongside a risk/return frontier, and pick projects which

are less risky but also have lower expected returns. As a result, the expected output of the economy

falls, and so does productivity.
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6 Appendix

6.1 Computational Method

This method is presented for the case of a Cobb-Douglas production function, and a Cobb-Douglas

utility function, but it can be used for arbitrary homogeneous of degree one production function and

utility function. The Bellman equation for the �rescaled�problem is:

g (k; p) = max
c;i;N

8>><>>:
(1� �)c�(1�)(1�N)(1��)(1�)

+�e��(1�)
�
Ep0;"0;x0e

�"0�(1��) �1� x0 + x0(1� btfp)�(1��)� g (k0; p0) 1��1�
� 1�

1��

9>>=>>; ;
s:t: :

c = k�N1�� � i;

k0 =
(1� x0bk)

�
(1� �)k + �

�
i
k

�
k
�

e�+�"0 (1� x0btfp)
:

Here too, the max needs to be transformed in a min if  > 1: To approximate numerically the solution

of this problem, I proceed as follows:

(1) Pick a grid for k; and a grid for i, and approximate the process for p with a Markov chain with

transition matrix Q: Discretize the normal shock ", with probabilities �("): I used 120 points for the

grid for k, 1200 points for the grid for i, 2 points for the grid for p, and 5 points for the grid for ":

(2) Compute for any k; i in the grid the value N(k; i) which solves

V (k; i) = max
N

�
k�N1�� � i

��
(1�N)(1��):

Next de�ne R(k; i) = (1� �)V (k; i)1� :

(3) The state space and action space are now discrete, so this is a standard dynamic discrete pro-

graming problem, which can be rewritten as follows, with one endogenous state, one exogenous state,

and two additional shocks: a binomial variable x equal to one if a disaster occurs (probability p) and

the normal shock ":

g (k; p) = max
i

8>><>>:
R(k; i) + �e��(1�) � :::�P

p0;"0;x02f0;1g �("
0)Q(p; p0)e�"

0�(1��)pr(x0; p)
�
1� x0 + x0(1� btfp)�(1��)

�
g (k0; p0)

1��
1�
� 1�

1��

9>>=>>; ;
s:t: :

k0 =
(1� x0bk)

�
(1� �)k + �

�
i
k

�
k
�

e�+�"0 (1� x0btfp)
;

where pr(x0; p) = p1x0=1 + (1� p) 1x0=0 = px0 + (1 � p)(1 � x0): I solve this Bellman equation using

modi�ed policy iteration (Judd (1998), p. 416), starting with a guess value close to zero.26 Recursive

utility implies that the Blackwell su¢ cient conditions do not hold here, hence it is not obvious that the

Bellman operator is a contraction. Note that to compute the expectation, we need the value function

outside the grid points. I use linear interpolation in the early steps of the iteration, then switch to spline

26This turns out to be signi�cantly faster than value iteration for this application.
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interpolation. The motivation is that linear interpolation is more robust, hence it is easier to make the

iterations converge; but spline interpolation is more precise.

(4) Given g; we have V (K; z; p) = z�g(k; p)
1

1� : We also obtain the policy functions C = zc(k; p),

I = zi(k; p); N = N(k; p); and the output policy function Y = zk�N(k; p)1��:

(5) To compute asset prices, we need the stochastic discount factor, which is given by the standard

formula:

Mt;t+1 = �

�
Ct+1
Ct

��(1�)�1�
1�Nt+1
1�Nt

�(1��)(1�)0@ Vt+1

Et
�
V 1��t+1

� 1
1��

1A��

:

Using homogeneity, the SDF between two states s = (k; p) and s0 = (k0; p0) is:

M(s; s0; "0x0) = �

�
z0c(k0; p0)

zc(k; p)

��(1�)�1�
1�N(k0; p0)
1�N(k; p)

�(1��)(1�)0B@ z0�g(k0; p0)
1

1�

Ez0;p0;x0
�
z0�(1��)g(k0; p0)

1��
1�

� 1
1��

1CA
��

= �

�
z0

z

�(��)�+�(1�)�1�
c(k0; p0)

c(k; p)

��(1�)�1
� :::

:::

�
1�N(k0; p0)
1�N(k; p)

�(1��)(1�)0B@ g(k0; p0)
1

1�

Ez0;p0;x0
��

z0

z

��(1��)
g(k0; p0)

1��
1�

� 1
1��

1CA
��

:

Note that we �rst need to compute the conditional expectation which appears on the denominator of the

last term. Denote k0 = j(k; p; "0; x0) the detrended capital next period, wich depends on the detrended

investment i(k; p) and on the realization of the shocks next period "0 and x0 (but not p0). The conditional

expectation is obtained as:

Ez0;p0;x0

 �
z0

z

��(1��)
g(k0; p0)

1��
1�

! 1
1��

=

=
X
p0;"0

Q(p; p0) Pr("0)e�(1��)�+�(1��)�"
0
�
p(1� btfp)�(1��)g(j(k; p; "0; 1); p0)

1��
1� + (1� p)g(j(k; p; "0; 0); p0)

1��
1�

�
:

(6) We can now obtain the price of a one-period asset, with payo¤ d(k0; z0; p0; x0; "0): e.g. a pure risk-

free asset d = 1; or a short-term government bond: d = 1�b(1�r)x0, as P (k; p) = Ex0;p0;"0M(s; s0; x0; "0)d(k0; z0; p0; x0; "0):

For instance, for a pure risk-free asset, the formula is:

EtMt;t+1 =

�
P

p0
P

"0 Q(p; p
0) Pr("0)e((��)�+�(1�)�1)(�+�"

0) � :::

:::

0BBBBBB@
p(1� btfp)(��)�+�(1�)�1c(j(k; p; "0; 1); p0)�(1�)�1�

(1�N(j(k; p; "0; 1); p0))(1��)(1�) g(j(k; p; "0; 1); p0)
��
1�

+(1� p)c(j(k; p; "0; 0); p0)�(1�)�1�

(1�N(j(k; p; "0; 0); p0))(1��)(1�) g(j(k; p; "0; 0); p0)
��
1�

1CCCCCCA
c(k; p)�(1�)�1 (1�N(k; p))(1��)(1�)Ez0;p0;x0

��
z0

z

��(1��)
g(k0; p0)

1��
1�

� ��
1��

:

(7) Next, we can obtain the term structure of interest rates on government bonds, using the recursion:

Pn(k; p) = E (M(s; s
0; x0; "0) ((1� x0b(1� r))Pn�1(k0; p0))) ;

where b(1 � r) is the expected loss rate of government bonds during disasters. It is assumed that

government bonds are risk-free if there is no disaster.
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(8), Finally, we can compute the price of equity claims. I consider three types of �equities�. De�ne

the representative �rm�s dividend as earnings less investment:

Dt = Yt � wtNt � It:

(i) The �rst equity is simply a claim to the stream fDtg : Let Ft denote its price, which satis�es the

standard recursion:

Ft = Et (Mt;t+1 (Ft+1 +Dt+1)) :

Note that Dt can be written as Dt = ztd(kt; pt); where d(k; p) = �k�N1�� � i(k; p): Hence, we can

rewrite the �rm value recursion as:

zf(k; p) = Es0js (M(s; s
0)� (z0d(k0; p0) + z0f(k0; p0))) ; (8)

where Ft = ztf(kt; pt). The equity return is then

Ret+1 =
Ft+1 +Dt+1

Ft
(9)

=
zt+1
zt

f(kt+1; pt+1) + d(kt+1; pt+1)

f(kt; pt)
:

To solve the recursion 8 in practice, I iterate starting with an initial guess f(k; p) = 0: The recursion

can be rewritten as:

f(k; p) = Es0js

�
M(s; s0)

z0

z
(d(k0; p0) + f(k0; p0))

�

= �Ep0;"0;x0

2666664
�
z0

z

�(��)�+�(1�) �
c(k0;p0)
c(k;p)

��(1�)�1 �
1�N(k0;p0)
1�N(k;p)

�(1��)(1�)
� :::0B@ g(k0;p0)

1
1�

Ez0;p0;x0

�
( z0z )

�(1��)
g(k0;p0)

1��
1�

� 1
1��

1CA
��

(d(k0; p0) + f(k0; p0))

3777775 :

This conditional expectation can be written down, as

f(k; p) =

�
P

p0
P

"0 Q(p; p
0) Pr("0)e((��)�+�(1�))(�+�"

0) � :::0BBBBBB@
p(1� btfp)(��)�+�(1�)c(j(k; p; "0; 1); p0)�(1�)�1 (1�N(j(k; p; "0; 1); p0))(1��)(1�)�

g(j(k; p; "0; 1); p0)
��
1� (d(j(k; p; "0; 1); p0) + f(j(k; p; "0; 1); p0))

+(1� p)c(j(k; p; "0; 0); p0)�(1�)�1 (1�N(j(k; p; "0; 0); p0))(1��)(1�)�

g(j(k; p; "0; 0); p0)
��
1� (d(j(k; p; "0; 0); p0) + f(j(k; p; "0; 0); p0))

1CCCCCCA
c(k; p)�Ez0;p0;x0

��
z0

z

��(1��)
g(k0; p0)

1��
1�

� ��
1��

:

f(k; p) = :

Note that a standard argument homogeneity argument (essentially, Hayashi�s theorem; see Kaltenbrun-

ner and Lochstoer (2008) for instance) implies that the ex-dividend �rm value is:

Ft =
(1� pbk)Kt+1

�0
�
It
Kt

� ;
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i.e. Tobin�s Q is Qt = Ft
(1�pbk)Kt+1

= �0
�
It
Kt

�
: Substituting this in the return equation (9) yields

Rt;t+1 =
Ft+1 +Dt+1

Ft
=

(1�pbk)Kt+2

�0
�
It+1
Kt+1

� +Dt+1

(1�pbk)Kt+1

�0( ItKt
)

= �0
�
It
Kt

�241� � + �
�
It+1
Kt+1

�
�0
�
It+1
Kt+1

� (1� xt+1bk) +
�K�

t+1N
1��
t+1 � It+1
Kt+1

35 :
This expression can be calculated using the quantities produced by the model in step (3). In practice

it is useful to check that the results obtained using this method are the same as the results using the

value Ft:

The second and third types of equity assume respectively that the payo¤ streams are
�
C�t
	
andn

D�2
t

o
: It is easy to adapt the method used in (i) to price the claims to these assets. Finally, I obtain

the model statistics by simulating 200 samples of length 500, started at the nonstochastic steady-state,

and cutting o¤ the �rst 300 periods. The Matlab(c) programs will be made available on my web page

when the paper is submitted.

6.2 Data Sources

For the cross-correlogram: the stock market return is from CRSP (value-weighted including dividends).

The short rate is from Ken French�s website. The yield curve is from the Fama-Bliss data (1 to 5 years).

The industrial production data is from FRED (series nickname INDPRO). I also used di¤erent monthly

series to measure economic activity: employment (nickname PAYEMS), disposable income (DSPIC96),

consumption (PCE96). All these series are monthly, and the data ranges from January 1959 to December

2007.

For the business cycle and return moments of Tables 2-7: consumption is nondurable + services

consumption, investment is �xed investment, and output is GDP, from the NIPA Table 1.1.3, quarterly

data 1947q1-2008q4. Hours is nonfarm business hours from the BLS productivity program (through

FRED: HOABNS). The return data is from Ken French�s webpage, (benchmark factors, aggregated to

quarterly frequency, and de�ated by the CPI (CPIAUCSL through FRED)).
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Parameter Greek Letter Value

Capital share � .34

Depreciation rate � .02

Adjustment cost curvature � 0

Trend growth of TFP � .005

Discount factor � .99

IES 1= 2

Share of consumption in utility � .3

Risk aversion over the C-L bundle � 8

Standard deviation of ordinary TFP shock � .01

Size of disaster in TFP btfp .43

Size of disaster for capital bk .43

Probability of disaster in low prob state pl .0005

Probability of disaster in high prob state ph .008

Probability of transition from pl to ph � :98

Table 1: Parameter values for the benchmark model. The time period is one quarter.
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Sample without disasters �(� logC)
�(� log Y )

�(� log I)
�(� log Y )

�(� logN)
�(� log Y ) �(� log Y ) �C;Y �I;Y

Data (1947q1-2008q4) 0.57 2.68 0.92 0.0098 0.45 0.68

No disaster (bk = btfp = 0) 0.43 2.88 0.43 0.01 0.97 0.99

Constant p (bk = btfp = :43) 0.44 2.93 0.43 0.01 0.97 0.99

Benchmark (bk = btfp = :43) 0.49 3.32 0.53 0.01 0.73 0.94

Capital disasters (bk = :43; btfp = 0) 0.57 4.02 0.67 0.01 0.43 0.90

Capital disasters, with adj costs 1.09 0.72 0.08 0.01 1.00 0.98

TFP disasters (btfp = :43; bk = 0) 0.68 4.50 0.89 0.01 -0.01 0.90

TFP disasters, with adj costs 1.08 0.94 0.13 0.01 0.99 0.80

Table 2: Business cycle quantities: second moments implied by the model, for di¤erent calibrations.

Quarterly data. This is based on a sample without disasters. rho(C,Y) and rho(I,Y) are the correlation

of the growth rate of C and of Y, and I of Y, respectively. Data sources in appendix.

Sample with disasters �(� logC)
�(� log Y )

�(� log I)
�(� log Y )

�(� logN)
�(� log Y ) �(� log Y ) �C;Y �I;Y

Data (1947q1-2008q4) 0.57 2.68 0.92 0.0098 0.45 0.68

No disaster (bk = btfp = 0) 0.44 2.87 0.43 0.01 0.97 0.99

Constant p (bk = btfp = :43) 0.90 1.40 0.13 0.03 0.98 0.97

Benchmark (bk = btfp = :43) 0.92 1.46 0.16 0.03 0.88 0.93

Capital disasters (bk = :43; btfp = 0) 1.66 4.58 1.14 0.01 0.50 0.50

Capital disasters, with adj costs 0.93 1.31 0.10 0.01 1.00 0.98

TFP disasters (btfp = :43; bk = 0) 0.52 8.27 0.53 0.03 0.47 0.90

TFP disasters, with adj costs 1.07 0.81 0.07 0.02 0.99 0.90

Table 3: Business cycle quantities: second moments implied by the model, for di¤erent calibrations.

Quarterly data. This is based on a full sample (i.e., including disasters). rho(C,Y) and rho(I,Y) are the

correlation of the growth rate of C and of Y, and I of Y, respectively. Data sources in appendix.
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Sample without disasters E(Rf ) E(Rb) E(Re) E(Rc;lev) E(Rd;lev) E(Rltb �Rb)

Data 1947q1-2008q4 � 0.21 1.91 1.91 1.91 n.a.

No disaster (bk = btfp = 0) 1.22 1.29 1.22 1.28 1.26 0.00

Constant p (bk = btfp = :43) 0.25 0.66 1.28 2.28 2.25 0.00

Benchmark (bk = btfp = :43) 0.32 0.70 1.28 2.50 2.41 -0.08

Capital disasters (bk = :43; btfp = 0) 1.06 1.17 1.34 1.27 1.33 0.00

Capital disasters, with adj costs 1.13 1.23 1.19 1.34 1.25 0.00

TFP disasters (btfp = :43; bk = 0) 0.88 1.15 0.94 2.15 1.21 0.02

TFP disasters, with adj costs 0.69 0.99 1.40 2.22 2.36 -0.02

Table 4: Mean returns implied by the model for (a) pure risk-free asset, (b) a one-quarter govt bond,

(c) a claim to dividends (d) a leveraged claim on consumption (e) a leveraged claim on dividends (f) the

di¤erence between the long-term yield and the short-term yield. Quarterly data. Statistics computed

in a sample without disasters. Data sources in appendix.

Sample with disasters E(Rf ) E(Rb) E(Re) E(Rc;lev) E(Rd;lev) E(Rltb �Rb)

Data � 0.21 1.91 1.91 1.91 n.a.

No disaster (bk = btfp = 0) 1.22 1.29 1.22 1.29 1.27 -0.00

Constant p (bk = btfp = :43) 0.24 0.66 1.11 1.92 1.91 0.00

Benchmark (bk = btfp = :43) 0.24 0.65 1.10 2.14 2.07 -0.06

Capital disasters (bk = :43; btfp = 0) 1.18 1.28 1.28 1.29 1.31 -0.00

Capital disasters, with adj costs 1.19 1.29 1.22 1.29 1.27 0.00

TFP disasters (btfp = :43; bk = 0) 0.75 1.01 0.81 1.70 1.03 0.02

TFP disasters, with adj costs 0.58 0.90 1.13 1.79 1.89 -0.02

Table 5: Mean returns implied by the model for (a) pure risk-free asset, (b) a one-quarter govt bond,

(c) a claim to dividends (d) a leveraged claim on consumption (e) a leveraged claim on dividends (f)

the di¤erence between the long-term yield and the short-term yield. Quarterly data. This is based on

a full sample (i.e., including disasters). Data sources in appendix.
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Sample without disasters �(Rf ) �(Rb) �(Re) �(Rc;lev) �(Re;l) �(Rltb �Rb)

Data � 0.81 8.14 8.14 8.14 n.a.

No disaster (bk = btfp = 0) 0.07 0.09 0.08 2.45 1.68 0.02

Constant p (bk = btfp = :43) 0.08 0.08 0.08 2.29 0.41 0.00

Benchmark (bk = btfp = :43) 0.78 0.47 0.09 5.01 3.67 0.16

Capital disasters (bk = :43; btfp = 0) 0.21 0.14 0.10 2.46 1.71 0.04

Capital disasters, with adj costs 0.06 0.02 0.93 2.56 2.92 0.01

TFP disasters (btfp = :43; bk = 0) 0.15 0.15 0.32 4.40 1.63 0.05

TFP disasters, with adj costs 0.40 0.18 1.00 4.42 4.71 0.06

Table 6: Standard deviations of returns implied by the model for (a) pure risk-free asset, (b) a one-

quarter govt bond, (c) a claim to dividends (d) a leveraged claim on consumption (e) a leveraged claim

on dividends (f) the di¤erence between the long-term yield and the short-term yield. Quarterly data.

Statistics computed in a sample without disasters. Data sources in appendix.

Sample with disasters �(Rf ) �(Rb) �(Re) �(Rc;lev) �(Rel) �(Rltb �Rb)

Data � 0.81 8.14 8.14 8.14 n.a.

No disaster (bk = btfp = 0) 0.07 0.09 0.08 2.44 1.68 0.02

Constant p (bk = btfp = :43) 0.08 0.08 1.95 4.96 3.86 0.00

Benchmark (bk = btfp = :43) 0.79 0.48 2.12 7.10 6.12 0.16

Capital disasters (bk = :43; btfp = 0) 0.32 0.28 1.90 2.91 2.68 0.05

Capital disasters, with adj costs 0.07 0.04 1.02 3.00 2.96 0.01

TFP disasters (btfp = :43; bk = 0) 0.33 0.29 0.60 6.23 2.13 0.05

TFP disasters, with adj costs 0.44 0.21 2.32 6.31 6.79 0.06

Table 7: Standard deviation of returns implied by the model for (a) pure risk-free asset, (b) a one-

quarter govt bond, (c) a claim to dividends (d) a leveraged claim on consumption (e) a leveraged claim

on dividends (f) the di¤erence between the long-term yield and the short-term yield. Quarterly data.

This is based on a full sample (i.e., including disasters). Data sources in appendix.
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Figure 1: Response of quantities (C,I,K,N,Y) to a disaster at t = 6, in % deviation from balanced growth

path. Left panel: bk = btfp; Middle panel: bk = :43; btfp = 0: Right panel: btfp = :43; bk = 0:
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Figure 2: Response of asset returns (risk-free rate, equity return, levered equity) to a disaster at t = 6.

Left panel: bk = btfp; Middle panel: bk = :43; btfp = 0: Right panel: btfp = :43; bk = 0:
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Figure 3: Impulse response function of quantities (C,I,N,K,Y) and returns (risk-free rate, equity return,

levered equity) to a permanent TFP shock at t = 6. Left panel: model without disasters. Middle

panel: model with constant probability of disasters. Right panel: model with time-varying probability

of disaster (benchmark).
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Figure 4: Surface plot of the average capital stock in an economy with  = :5; for various values of bk

and btfp:
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Figure 5: Surface plot of the average capital stock in an economy with  = 4; for various values of bk

and btfp:
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Figure 6: Impulse response of macroeconomic quantities to a shock to the probability of disaster at

t = 5: The probability of disaster goes from the high state to the low state.
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Figure 7: Impulse response of asset returns to a shock to the probability of disaster at t = 5: The

probability of disaster goes from the high state to the low state. The left panel shows the return on the

pure risk-free asset, the equity asset, and a levered claim to consumption. The right panel shows the

short (1 quarter) and long (20 quarters) yields.
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Figure 8: Cross-correlogram of industrial production growth with the short rate, the term spread, the

market return, and the market excess return. Monthly data, 1959:1-2007:12. The black line shows the

+/- 2 S.E. bands for each correlation, based on the GMM formula with Newey-West correction and the

Delta method.
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Figure 9: Cross-correlogram of output growth with the short rate, the term spread, the market return,

and the market excess return, for the data (blue) and a model with no disasters (red).
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Figure 10: Cross-correlogram of output growth with the short rate, the term spread, the market return,

and the market excess return, for the data (blue) and for the benchmark model (red) without TFP

shocks. (The only shocks are the shocks to the probability of disaster.)
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