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A B S T R A C T

Recent studies have shown that disaster risk can generate asset return moments similar to those observed
in the U.S. data. However, these studies have ignored the cross-country asset pricing implications of the
disaster risk model. This paper shows that standard U.S.-based disaster risk model assumptions found in
the literature lead to counterfactual international asset pricing implications. Given consumption pricing
moments, disaster risk from this literature cannot explain the range of equity premia and government bill
rates. Furthermore, the independence of disasters presumed in some studies generates counterfactually low
cross-country correlations in equity markets. Alternatively, if disasters are all shared, the model generates
correlations that are excessively high. We show that common and idiosyncratic components of disaster risk
are needed to explain the pattern in consumption and equity co-movements.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The risk of disasters has long been proposed as an explanation for
a variety of financial market anomalies. Key among these anomalies
is the high equity premium in the face of relatively smooth consump-
tion. As originally presented by Reitz (1988) and advanced by Barro
(2006, 2009), a low probability of a large decline in output can suf-
ficiently increase the variability in intertemporal marginal utility to
deliver the level of equity premium seen in U.S. data. In combina-
tion with risk of government default, the potential for these disasters
can also explain the level of government bill rates. Moreover, as
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Wachter (2013) shows, time varying disaster risk can help explain
the volatility of equity returns and government bills.

Since disasters are rare in the U.S. time series, this literature uses
international data to measure both the frequency and size of these
events. To obtain these measures, each country is typically assumed
to face the same potential decline in consumption, parameterized
from observed disasters across all countries.1 However, if true, this
assumption carries important implications for the magnitude and
co-movements in international asset returns. If all countries face a
similar disaster risk, this risk should affect the correlation of asset
returns across countries, as well.

In this paper, we study the international asset pricing moments and
co-movements implied by a standard domestic-based disaster risk
model. Using consumption and asset price data for seven OECD coun-
tries, we begin by evaluating each country in isolation following the

1 In a modification of this approach, Nakamura et al. (2013) estimate endoge-
nous differences in timing, magnitude, and length of disasters while maintaining the
assumption that the frequency and size distribution is time invariant and the same
across countries. Similar to our model below, they allow for correlation in the timing
of disasters. However, they use this information to match the domestic asset pricing
moments alone and do not consider the international asset pricing implications. We
discuss their approach relative to ours below.
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standard approach in this literature. Within the constant probability of
disaster framework as in Barro (2006), we ask whether differences in
exposure to disaster risk can explain the cross-section of asset return
moments for each individual country. To examine these implications,
we choose model parameters that best fit the asset pricing moments
using Simulated Method of Moments. For this purpose, we allow for
cross-country deviations in the size of the disaster, the probability of
government default, and the dividend leverage parameter. Despite
allowing for these deviations, however, the model cannot match the
variation in the cross-country data. We then incorporate time-varying
probabilities of disasters as in Wachter (2013). Across countries, time-
variation in disaster probabilities indeed improves the fit for asset
return volatility and the mean returns.

Given the best fit to individual country asset returns, we evalu-
ate the disaster model’s ability to match the international correlation
of asset returns and consumption growth found in the data. For
example, an empirical finding in the data is that international con-
sumption correlations are lower than equity return correlations.2 To
determine whether the model can replicate this pattern, we ana-
lyze implied correlations under two extreme assumptions found in
the literature about international disasters; that is, independent ver-
sus common disaster events.3 Under the assumption that disaster
events occur independently across countries, equity return correla-
tions either mimic those of consumption correlations when disaster
risk is constant or else are much lower than consumption when disas-
terrisk is time-varying.Bycontrast,whendisastereventsarecommon,
equity return correlations are near one, and are hence too high.

To address the inconsistencies posed by these two extreme
cases, we posit a novel generalization of the theoretical framework
that incorporates both country-specific and common world disaster
shocks. This generalization allows us to combine the domestic-based
disaster risk model with international asset return and consumption
correlations in the data to uncover country-specific versus common
world disaster risk. Our evidence shows that a high degree of com-
mon disaster risk is required to explain the pattern that asset return
correlations are greater than consumption growth correlations.

As this description makes clear, our objective in this paper is to
highlight the international implications of existing U.S.-based dis-
aster risk models in the tradition of Reitz (1988) and Barro (2006).
For this purpose, we use a canonical disaster risk model to study its
ability to fit international data moments. Therefore, we purposefully
take as given the assumptions consistent with that literature and do
not develop a new equilibrium model. In this way, the results in our
paper most directly contribute to understanding any required modi-
fications and potential limitations of the standard model when facing
international data.

Although our analysis provides a unique contribution to under-
standing the international dimensions of disaster risk models, a
number of other papers have also addressed the impact of disasters on
the macroeconomy and on asset markets. Gabaix (2008, 2012) con-
siders disaster risk with variable severity of disasters arising from the
resilience of an asset’s recover rate through a “linearity generating”
process. Martin (2008) solves for the welfare cost of business cycles
due to disasters, but does not match to asset return data. Backus et
al. (2011) use U.S. equity index options to examine the implied disas-
ter risk in consumption. Gourio (2008, 2012) evaluates the impact of
disasters in a real business cycle model allowing for recoveries after
a disaster. Nakamura et al. (2013) also allow for recovery periods
after disasters, but then estimate differing probabilities of entering

2 See, for example, the discussion in Tesar (1995) and Lewis and Liu (2015).
3 Studies that treat disasters as independent across countries include Barro (2006,

2009) and Wachter (2013). In these papers, the frequency of disasters is calculated as
the average number of times that output or consumption declined below a threshold
across all countries and years. Studies that treat disasters as common include Gourio
et al. (2013) and Farhi and Gabaix (2016).

disasters across countries. However, these papers do not evaluate
the international asset pricing implications of disaster risk.

Two recent papers provide an exception. Gourio et al. (2013)
and Farhi and Gabaix (2016) examine the co-movements of returns
and exchange rates with disasters, but they do so assuming com-
plete markets. By contrast, our goal is to investigate the international
asset market implications of existing U.S.-based empirical disaster
risk models that, in turn, do not require markets to be complete. As
such, we view the contribution in our paper to be complementary,
but distinct from all of these papers.

The plan of the paper is as follows. Section 2 reviews the gen-
eral framework used in the literature as well as the approach used
in this paper. Section 3 describes the data and evaluates the model
fit for countries in isolation. Section 4 describes the implications
for correlations in consumption and asset returns across countries.
Concluding remarks are in Section 5.

2. The canonical model and framework

The disaster risk literature is grounded in a theoretical asset pric-
ing tradition beginning with Lucas (1978), which relates returns
to intertemporal consumption optimization. Research applying this
theory to the data has met with mixed success. For example, as
Mehra and Prescott (1985) showed in their seminal work, the risk to
U.S. investors implied by historical consumption data was not suf-
ficient to generate the observed equity premium, a regularity often
called the “equity premium puzzle”. Following this observation, Reitz
(1988) suggested that the risk of rare, but severe, disasters could
provide a resolution to this puzzle.

The impact of rare disasters has been difficult to quantify, given
the infrequency of these events in U.S. data, however. Therefore,
Barro (2006) proposed using data on disasters across a large sample
of countries to identify both the size and frequency of disasters in a
single country. Subsequent papers such as Barro (2009) and Wachter
(2013) have also considered the implications of these disasters on
various asset pricing moments such as the mean and variance of the
equity returns and government bill rates. Moreover, these moments
are often measured in real returns in home country prices, and pre-
sented as average asset returns (e.g. Barro, 2006; Barro and Ursua,
2008). While much of the consumption-based asset pricing literature
on disaster risk has focused upon the behavior of U.S. data moments,
the identifying assumption that disasters need to be measured with
non-U.S. data has clear implications for the asset pricing moments
of those countries as well as their cross-country co-movements. In
order to evaluate these implications below, we develop a framework
taken from a standard domestic-based model, modified to allow as
much latitude for the model to match differing asset and consump-
tion moments across countries. For this purpose, we incorporate
country specific parameters to the framework with time-varying dis-
aster risk developed by Wachter (2013). The Barro (2009) model with
constant probability of disaster is a special case of this framework.
We refer to this general framework as the “canonical model” below.

Since our contribution is to investigate this framework applied to
international asset returns, we necessarily inherit both the limita-
tions and generalities of the standard approach. Specifically, the most
limited interpretation of our investigation would be that, since the
framework was developed to target domestic asset pricing moments,
our analysis applies only to a world of multiple closed economies in
isolation. Indeed, this narrow interpretation is consistent with the
quantitative analysis in Section 3 that focuses exclusively on the
analysis within each country. However, in Section 4, we show that
this interpretation is likely to be overly restrictive when we exam-
ine the co-movements across countries implied by the canonical
domestic-based disaster model. As demonstrated there, the domestic-
based model implies positive co-movement in consumption and
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asset returns across countries. Therefore, to highlight the potential
relationships within the standard model that may lead to these inter-
national co-movements, we review more general interpretations of
the canonical model at the end of this section in Section 2.4.

2.1. Preferences and consumption

To consider how a standard single-country disaster risk model
may fit a cross-section of individual country asset returns, we mod-
ify the model specified in Wachter (2013) and Barro (2009) to allow
all parameters other than preferences to differ by country. For con-
sistency with this approach, we maintain the assumption from these
papers that the analysis for each country is specified in units of home
country consumption.

Following this framework, there is a representative consumer-
investor in each country, indexed by j. These agents have identical
preferences over their own aggregate consumption good defined as
Cj

t at time t. To allow the model to match real consumption data that
is deflated by home price indices, we assume that each country’s
aggregate consumption good is a composite of individual goods that
will in general differ by country. This approach ensures consistency
between the theoretical framework and the data.

In particular, we assume as in Barro (2009) that preferences are
recursive over time.4 We also follow Wachter (2013) by considering
the continuous time version formulated by Duffie and Epstein (1992)
for the case of unitary intertemporal elasticity of substitution in con-
sumption. This special case implies tractable, exact form solutions to
our asset pricing moments below.5 Thus, under these assumptions,
utility at time t for representative consumer j, defined by Vj

t , is given
by:

Vj
t = Et

∫ ∞

t
U

(
Cj

s, Vj
s

)
ds (1)

where

U
(

Cj
s, Vj

s

)
= b(1 − c)Vj

s

[
log Cj

s − 1
1 − c

log
(

(1 − c)Vj
s

)]
(2)

and where b> 0 is the rate of time preference and c> 0 is the coef-
ficient of relative risk aversion. Furthermore, the consumption good
Cj

s in each country j is a composite of multiple heterogeneous non-
durable goods each with separate prices, thereby allowing the price
index to differ across countries as in the data. This approach follows
a long literature in international finance that treats consumption
in each country as an aggregate of individual goods.6 Moreover, to
ensure a well-defined price index per country while providing the
most general framework, we assume only that aggregate consump-
tion Cj

s depends on a combination of its individual goods components
without specifying a particular functional form for the aggregator.7

Thus, although the basic form of the utility function over aggregate
consumption is the same across countries, preferences over individ-
ual goods may differ. Specifying consumption in this way provides

4 These preferences use the form of the utility function specified in Epstein and
Zin (1989) and Weil (1990). Barro (2009) argues that these preferences are needed
to avoid the counterfactual implication that high price-dividend ratios predict high
excess returns.

5 This assumption allows us to adapt the closed-form solutions from Wachter
(2013) to individual country asset returns, in the case where disaster intensity are
time-varying. Nevertheless, when the disaster probability is constant, we could in
principle allow the intertemporal elasticity of substitution to differ from one.

6 For early examples see Adler and Dumas (1983), Cole and Obstfeld (1991), and
Backus et al. (1994). Verdelhan (2010) and Colacito and Croce (2011) provide more
recent examples.

7 Adler and Dumas (1983) demonstrate that when the consumption aggregator is
homogeneous with respect to individual goods components, then a well-defined price
index holds per country, even in the absence of Purchasing Power Parity.

consistency with the empirical literature that treats aggregate con-
sumption in units that are the inverse of the price index in each
country. Note that this assumption implies that the value of con-
sumption for country j in units of another country consumption will
differ by a real exchange rate implied by the ratio of price defla-
tors in the data. We discuss the implications of variations in the
real exchange rate in Section 2.4 as well as our quantitative analysis
below.

The representative agent in each country j then chooses the
sequence of Cj

s to maximize utility subject to a lifetime budget con-
straint of income, Yj

t = Yj(dt), where dt is a vector of state variables in
the economy. In general, income is the flow of the resources available
to a given country so that dt reflects all of the variables influencing
those resources. In a full international macroeconomic model, these
variables would include variables affecting both domestic produc-
tion and any net ownership of foreign production through foreign
asset positions. Below, we follow the asset pricing literature in tak-
ing this process as given by production side decisions in the economy
and then focusing upon the asset pricing decisions conditional on
income. Therefore, this income process may be considered exoge-
nous for much of the analysis, although in Section 2.4 we discuss
more general interpretations.

Given this income process, then, the lifetime present value of
these resources is the representative consumer’s wealth; that is, a

variable given by: Wj
t ≡ Et

[∫ ∞
t

p
j
s

p
j
t

Yj
sds

]
where p

j
s is the state price

density. This variable is defined as: p
j
t ≡ e

[∫ t
0 UV

(
Cj

s ,Vj
s

)
ds

]
UC

(
Cj

t , Vj
t

)
,

where Ux denotes the partial derivative with respect to x. Thus, the
state price density relates the value of resources to the intertem-
poral marginal utility of consumption. Hence, this variable must be
determined in equilibrium, as described below in Section 2.2.

The representative agent then chooses consumption to maximize
utility given in Eqs. (1) and (2) subject to the constraint that:

Et

[∫ ∞

t

p
j
s

p
j
t

Cj
sds

]
� Wj

t. (3)

This optimization implies a value function that gives the maxi-
mum utility as a function of the state variables, such as wealth, which
we describe in more detail below. Since the utility function in Eq. (2)
is strictly increasing in aggregate consumption, the wealth constraint
in Eq. (3) will hold with equality along any optimal path, implying an
equilibrium relationship we use below.

The consumption that arises from this optimization naturally
inherits a functional dependence on at least some of the variables
that affect income. Defining this subset of variables as d̃t , then we
could rewrite consumption as: Cj

t =Cj(d̃t). While a full macroeco-
nomic model would detail how the income process relates to con-
sumption, much of the empirical asset pricing literature directly uses

the fact noted above that in equilibrium Wj
t = Et

[∫ ∞
t

p
j
s

p
j
t

Cj
sds

]
. As

such, the behavior of consumption identified by the data is sufficient
to determine the behavior of wealth.

The common feature in the disaster risk literature is that con-
sumption is affected by infrequent but large declines in income. For
example, as argued in Barro (2006), this impact on consumption
can be generated by significant downturns in the macroeconomy
as occurred during the Great Depression, by natural events such as
earthquakes, or may be the result of wars such as the World Wars.
It may also arise through large declines in productivity that affect
business cycles, as articulated in Gourio (2008, 2012).

Overall, although the specific ways in which disasters affect con-
sumption will depend upon the nature of the macroeconomy, its
impact will be observed in the data. For this reason, much of the
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focus in the disaster risk asset pricing literature has been to ana-
lyze the consumption data directly and then use the implications to
uncover the effects on wealth through the constraint in Eq. (3). We
follow this approach below by using the framework from Wachter
(2013) that includes the possibility of time-varying disasters. How-
ever, we augment this process to allow the parameters to differ
across countries in order to fit potential variations. Specifically, using
the notation above and including the potential effects of disasters,
the consumption process to be related to the data below is:

dCj
t = lCj

t−dt + s jCj
t−dB j

t +
(

ey
jZj

t − 1
)

Cj
t−dN j

t , ∀ j = 1, . . . , J (4)

where Ct− denotes lims↑tCs and Ct is lims↓tCs, dB j
t is a standard

Brownian motion that affects consumption in normal times, dN j
t is

a Poisson process that is positive when disaster events occur, and Zj
t

is a variable that determines the size of the decline in consumption
conditional on a disaster occurring.

We follow Barro (2006, 2009) and Wachter (2013) in identifying
periods when disasters occur as years in which declines in income or
consumption exceed a threshold. That is, the response of consump-
tion to these disasters is reflected in a proportional drop in level by
the amount y jZt, where Zt is a random variable that represents the
size of the drop and y j allows for the impact of this decline to dif-
fer across countries. To capture the effect of disasters, Zt < 0 and
y j > 0 so that realizations of dN j

t reduce consumption growth. In our
quantitative application below, we parameterize the distribution of
Zt with the empirical distribution of disasters using the long sample
of international data from Barro and Ursua (2008).8 This distribu-
tion is treated as time-invariant so we drop the time subscript in the
remainder of the paper.

To consider time-variations in disasters, N j
t has an intensity

parameter, kj
t , given by:

dkj
t = j j

(
k̄ − k

j
t

)
dt + s

j
k

√
k

j
tdB j

k,t (5)

where dB j
k,t is also a standard Brownian motion. Following Wachter

(2013), all country-specific processes, dB j
t , dB j

k,t , dN j
t , are uncorrelated

with each other at a given time t within a given country j.
Since these shocks originate from income processes for each

country, they are likely to be correlated across countries if, for
instance, there is trade in goods or assets. Therefore, in Section 4
we consider this possibility and allow for the correlations between

countries, Corr
(

dBi
t , dB j

t

)
, Corr

(
dNi

t , N j
t

)
, and Corr

(
dBi

k,t , dB j
k,t

)
, to be

non-zero while maintaining the independence within countries as in
the standard model. As a result, these variables are not in general
independent across countries, even though we continue to identify
them with a country-specific superscript.

The consumption process in Eqs. (4) and (5) include country-
specific parameters that allow the framework to fit data across
countries below. For instance, although the standard model implic-
itly assumes y j = 1, we incorporate this parameter to allow for
differing effects across countries. Clearly, a country with higher y

will experience a larger impact of disasters on consumption. In addi-
tion, consumption volatility in “normal times” without disasters,
s j, and the time-varying intensity parameters, j j and s

j
k, may be

country-specific. Below we also consider country differences in asset
return parameters measuring leverage and government bond default
rates to be detailed later.

8 This approach has been used in a number of papers including Barro (2009),
Nakamura et al. (2013), and Wachter (2013).

While our specification of consumption processes in Eqs. (4) and
(5) allows some parameters to be country-specific, others are to be
treated as common. In particular, country mean growth rates, l , are
set to be equal across countries for plausibility since our quantitative
analysis will focus upon developed economies. We also assume that
the long run mean of the disaster probability k̄ is common across
countries in the absence of power to distinguish this parameter
across countries.9

2.2. First-order condition for intertemporal optimization

In order to solve for implied returns using observed consumption
data, we follow the literature by conditioning our analysis on the
first-order condition of intertemporal utility maximization given the
wealth constraint. As with other first-order conditions, it simply pro-
vides a relationship that optimizes an objective of one agent in the
economy and may not reflect the equilibrium in the presence of mul-
tiple agents. Therefore, we also condition our analysis on a further
identifying assumption from the standard disaster risk literature: the
domestic investor’s first-order condition prices the domestic equity
returns and government bill rates. This condition would clearly be
satisfied if financial markets were completely segmented since only
domestic investors would have access to their own assets. However,
this identification also holds in more general contexts as we discuss
at the end of this section in Section 2.4.

To solve for the return on an asset that would be required by
the representative investor from country j, we must derive the first-
order condition that relates wealth to that asset.10 For this purpose,
we define as H(W j,kj) the value function for the country j investor
in terms of the state variables; that is, wealth and the disaster
probability. As noted earlier, wealth in the model can be related to
consumption data since the budget constraint in Eq. (3) holds with

equality in equilibrium; i.e., Wj
t = Et

∫ ∞
t

p
j
s

p
j
t

Cj
sds. Thus, wealth can

be viewed as the value of an asset that would theoretically pay a
dividend mimicking realizations from the consumption process in
perpetuity, an asset often called the “consumption asset”. Given the
equilibrium association between consumption and wealth, valua-
tion of financial securities in representative agent frameworks often
depends upon the return on this asset.11 Indeed, for recursive pref-
erences, Epstein and Zin (1991) and Duffie and Epstein (1992) show
that each asset must satisfy a first-order condition involving its own
return and the return on an asset that is a claim on future realizations
of consumption.

Recognizing this relationship, we can then determine two impor-
tant building blocks for valuing equity and the government bill rate
used in our empirical analysis for each country j: its instantaneous
risk-free rate, and the associated state-price density. We only sum-
marize their solutions here, providing more discussion in the on-line
Appendix A.2 for the risk-free rate and in Appendix A.3 for the
state-price density. Details are in Wachter (2013), Appendix A.I and
A.II.

Determining the first building block, the risk-free rate for each
investor, requires solving for the value of this asset at the equilibrium
level of portfolio holdings. This rate can be determined by taking the
derivative of the value function H(W j,kj) with respect to the choice
of the risky consumption asset evaluated at the wealth constraint in

9 For this reason, we also treat the other parameters in the time varying intensity
process, j and sk as common in most of the quantitative analysis below.
10 This approach is equivalent to the process in discrete time using the value function

from the Bellman equation, thereby yielding the Euler equation.
11 The usefulness of the equilibrium relationship between wealth and consumption

is highlighted in Campbell (1993), for example.
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Eq. (3). Following these steps implies that the value of a risk-free rate
to an investor in country j is:

r j
t = b + l − c

(
s j

)2
+ k

j
tE

[
e−cy jZ

(
ey

jZ − 1
)]

(6)

where the expectation is taken over the time invariant distribution
of Z.

From the perspective of investors in country j, the only source
of variation in the country j risk-free rate arises from time varia-
tion in the disaster probability, kj

t , as shown in Eq. (6). Moreover, if
there were no disaster risk, this rate would simply be constant at:
r j

t = r j = b + l − c(s j)2 . The finding that the risk-free rate is con-
stant when consumption growth is i.i.d. is well-known.12 By contrast,
time variation in the disaster probability induces volatility in the risk
free rate. Moreover, since ey

jZ < 1, a higher probability of disasters,
k

j
t , implies a greater risk that a disaster event will reduce consump-

tion. In turn, this greater risk induces more demand for precautionary
savings, thereby reducing the implied country j risk-free rate.13

Note also that since wealth of investor j is measured in consump-
tion units of country j, this return would only be risk-free to residents
of country j. In particular, since consumption in country i is measured
in different consumption units, the value of consumption in coun-
try j from the perspective of country i could be written in county i
units as: C̃i, j

t ≡ Qi, j
t Cj

s where Qi, j
t is the real exchange rate that values

a unit of country j in country i consumption. Thus, the risk-free asset
to country j′s investors would be risky from the perspective of coun-
try i′s investors, because it would be valued at Qi, j

t r j
t . Moreover, since

we follow the literature in expressing all asset returns in domestic
country good units below, the same real exchange rate variations will
affect all relative valuations of these returns across countries.

The second key building block for valuing assets from the per-
spective of country j′s representative investor is the intertemporal
marginal utility of consumption measured through the state price
density, p

j
t . Solving for this process requires using the solution

for the value function H(W j,kj) and the envelope condition that
HW = UC(C, V) along the optimal path. Using the functional form for
these expressions together with Ito’s Lemma implies that the state
price density for country j follows:

dp j
t

p
j

t−
= l

j
p,tdt − cs jdB j

t + b jsk

√
k

j
tdB j

k,t +
(

e−cy jZt − 1
)

dN j
t , (7)

where b j is a positive constant that depends upon parameters of
the time-varying disaster process, j and sk; the expected size of
the disaster for country j, y jZ; and preference parameters, b and
c.14 As noted earlier, this process is specified in units of domestic
consumption, Cj

t . Therefore, the state price density will in general
differ across countries, unless they are identical once converted into
a common good so that p

j
t = Qi, j

t p
j
t . We discuss this implication in

Section 2.4 below.
Since the state-price density impacts the valuation of all risky

assets in the domestic economy, Eq. (7) is useful for building intuition
about several asset pricing relationships we find in our quantita-
tive analysis below. First, note that the state price in Eq. (7) evolves

12 See for example, Campbell and Cochrane (1999), Obstfeld (1994), and Lewis
(2000) among others.
13 As noted previously, the shocks to equilibrium consumption inherit shocks from

the macroeconomy. Thus, variations in the probability of disaster may arise from news
in the economy that alter the perceived likelihood of disasters.

14 Specifically, bj =
(

j+b

s2
k

)
−

√(
j+b

s2
k

)2

− 2
Em

(
e(1−c)y j Z −1

)
s2
k

, as described in on-line

Appendix A.1. In practice, the square-root imposes a restriction on the relationship
between the expected size of disaster and the variation of the disaster probabilities,
as described in Wachter (2013).

with innovations to the exogenous variables in an intuitive way. In
particular, pj

t decreases in “good times”; that is, with increases in
the Brownian on normal times consumption dB j

t according to risk
aversion, c. By contrast, the state price increases in “bad times”; that
is, with innovations to the Brownian on disaster probabilities, dB j

k,t ,

according to the current level of the disaster probability
√
k

j
t and

the expected size of the disaster implied through the parameter bj.
Finally, since Zt < 0, disaster events generated by dN j

t increase the
state price. Note that, in the absence of time-varying probabilities,
the instantaneous variance of the state-price density during normal
times would be driven by the variation in normal times consumption
alone. Therefore, if disaster probabilities were constant (i.e, sk = 0),
then the instantaneous volatility of the state-price in normal times
would simply be cs j, as in the standard i.i.d. Gaussian model.

2.3. Relating asset prices to observed data

Given these building blocks, we now relate the theoretical frame-
work to returns observed in the data. Note that the framework
simply asks how a representative investor-consumer would value
claims to any specific stream of future income, which potentially
applies to a large number of assets. Moreover, because wealth is
identified by the present value of consumption, the framework does
not have anything to say about which assets actually comprise the
portfolio held by the representative investors.

Since our objective is to evaluate the standard disaster risk lit-
erature, we consider the two assets typically related to the data in
that literature: government bill rates and equity returns.15 With two
assets per country, this approach implies that we only focus upon 2J
asset returns, where J is the number of countries.16 In this section,
we describe the solution of these two returns for each country j,
relegating details to on-line Appendix A.4 and Appendix A.5 for the
government bill rate and the equity return, respectively.

2.3.1. Government bill rates
We begin by considering the government bill rates. Following

Barro (2006), the return of government securities is presumed to be
subject to possible default during disaster periods. This presumption
is based upon the observation that crises are often associated with a
decline in the value of government securities, either through partial
default or inflation. Following this literature, we define the proba-
bility of this government default for country j as q j. Then, consider
an asset that pays out government debt that is risk-free during nor-
mal times but is subject to default with probability q j during disaster
periods. In this case, a domestic investor would evaluate the asset
as a combination of the risk-free rate in Eq. (6) and an asset that
may default during disasters. Using a no-arbitrage condition for these
payouts, the instantaneous required return on the j government bill
rate, as measured in units of country j consumption can be shown
to be:

rb, j
t = r j

t + k
j
tq

jE
[(

e−cy jZ − 1
) (

1 − ey
jZ

)]
. (8)

15 As noted earlier, these are the two assets studied in the tradition of Barro (2006,
2009) and Wachter (2013). However, other papers such as Backus et al. (2011), Farhi
and Gabaix (2016), and Farhi et al. (2015), analyze options. Since option analysis would
require significant restructuring of the canonical framework in this paper, we leave
this analysis to future research.
16 Note, however, that since the countries have different consumption units, there

will be different valuations of these returns across countries unless state price densi-
ties are equal once converted into common consumption units. Thus, in principle, we
could evaluate the required returns from the perspective of each of the J representa-
tive agents. That is, if there Nj assets in country j, we could obtain J

∑
j

Nj different asset

returns implied by the first-order conditions.
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This solution for the government bill rate illustrates several fea-
tures. First, the premium on government bills is clearly increasing
in probability of default, q j. Moreover, the volatility depends upon
the variation in the probability of disasters, k

j
t . Note that in the

absence of time-varying disasters, the government bill rate, like the
risk-free rate, is constant so that its variance is zero. Furthermore, a
higher probability of default increases the required compensation by
investors to hold government bills as indicated by the second term
on the right-hand side of Eq. (8). Finally, as noted earlier, the solu-
tion for this government bill rate is measured in units of domestic
consumption, corresponding to its treatment in the data below.

2.3.2. Equity prices
Equity is the second asset typically studied in the disaster risk

literature. Defining D j
t as dividends paid by country j equity and F j

t
as the price of the claim to income from all future dividends using
the state price of country j investors, then this equity price can be
written:

F j
t = Et

[∫ ∞

t

p
j
s

p
j
t

D j
sds

]
. (9)

With this relationship, we can evaluate the behavior of the stock
price over time given a process for dividends.

The specific assumptions about how those dividends are
identified in the data varies across studies. The most direct approach
to discipline the dividend process is to use dividend data itself
(e.g., Bansal and Yaron, 2004; Lewis and Liu, 2015) Arguably, this
approach gives the best picture of the behavior of the dividend
process. However, in order to identify disasters, we require a long
history of data across countries, although a comparable set for div-
idend series do not exist. For that reason, a typical approach in the
disaster risk literature is to treat dividends as a process that mimics
a more volatile version of consumption. Therefore, in this paper, we
follow Wachter (2013) in assuming that the dividend process can be
calculated using a process that mimics consumption multiplied by
an exponential factor (e.g., Abel, 1999; Gourio et al., 2013; Wachter,
2013). That is, dividends D j

t for country j are related to the consump-

tion process according to: D j
t =

(
Cj

t

)0 j

where 0 j > 1 is the “leverage”

parameter.17

Using this relationship along with the consumption process in
Eq. (4), Ito’s Lemma implies that the process of dividends for equity
from country j is given by:

dD j
t = l

j
DD j

t−dt + 0 js jD j
t−dB j

t +
(

e0
jy jZ − 1

)
D j

t−dN j
t , (10)

where l
j

D = 0 jl + 1
20

j
(
0j − 1

) (
s j

)2
. Combining this process for

dividends with the evolution of the state price density in Eq. (7), the
diffusion for the stock price in Eq. (9) can be written as18 :

dF j
t

F j
t−

= l
j

F,tdt + 0 js jdBj
t + gjsk

√
k

j
tdBj

k,t +
(

e0
jy jZ − 1

)
dNj

t , (11)

17 By contrast, some studies assume dividends mimic consumption itself (e.g.,
Mehra and Prescott, 1985; Obstfeld, 1994) with no leverage parameter.
18 Wachter (2013) in Appendix A.III derives the stock returns including the dividend

payment, the solution we use to match to the equity returns. Here we provide the
equity price alone for illustrative purposes only.

where l
j
F,t is the instantaneous mean and g j < 0.19 .

The evolution of the stock price follows the essential features
of the state price density in Eq. (7). In particular, the stock price
increases with innovations in the Brownian on normal times con-
sumption, dBj

t , now augmented by the leverage parameter, 0 j. More-
over, the stock price decreases with innovations to the Brownian
driving innovations to the probability of disasters, dB j

k,t , as well
as disasters themselves. Also, note that in the absence of time-
varying disaster probabilities, the stock price volatility in normal
times would simply be that of the levered volatility of normal times
consumption, 0 js j. As with all the other asset returns, the stock price
evolution is in domestic consumption units. Overall, these relation-
ships can then be used to generate the asset pricing moments in the
model to compare to their counterparts in the data.

2.4. Generality and limitations of canonical framework

In order to consider the international implications of the litera-
ture on consumption-based asset pricing with disaster risk, we have
modified the standard domestic-based model to allow for differences
in the consumption and asset return data across countries.20 Given
the domestic economy focus of this literature, a narrow interpreta-
tion would be that the framework represents a world of multiple
isolated markets with exogenously specified consumption. However,
the literature on consumption-based asset pricing has demonstrated
over the past few decades that this interpretation may be unduly
restrictive. A more general interpretation would be that the model
reflects a world in which consumption is an endogenous outcome
of a larger production process, potentially generated by interna-
tional trade in goods and financial assets. In order to consider this
possibility, we next review these alternative, more general interpre-
tations of the literature as well as the limitations imposed by its basic
identifying assumptions.

2.4.1. Exogenous versus endogenous consumption
The framework above is conditioned on a particular consump-

tion process as given by Eq. (4) and therefore a narrow interpretation
would presume that consumption is exogenous. There are other inter-
pretations, however. Barro (2006) describes how a similar process
for consumption obtains when output is an endowment process that
experiences disaster shocks. Furthermore, other papers have stud-
ied a richer production side of the analysis. For example, Gourio
(2012) develops a production-based model with capital and labor that
endogenously generates a consumption process with disaster shocks.
Similarly, Gourio et al. (2013) analyze a production economy in a two-
country model with open financial markets, implying a consumption
process with infrequent, but large declines. The international setting
then imposes an additional world resource constraint to the frame-
work above. That is, for each time period, world consumption equals
world income; that is,

∑
jQ

i, j
t Cj

t =
∑

jQ
i, j
t Yj

t , for t ∈ {0, . . . , ∞}.
Overall, a key feature common to disaster risk models is that

income to the economy experiences large declines that, in turn,
dramatically reduce consumption. Moreover, since observed con-
sumption is the outcome of decisions made by individuals operating

19 Specifically, gj = G j′
(
k

j
t

)/
G j

(
k

j
t

)
where G j is the price-dividend ratio for the

equity of country j. This price-dividend ratio also depends upon the state price diffu-
sion in Eq. (7). Ensuring that the solution of G is not imaginary restricts the relationship
between not just Z and the parameters of the time-varying densities as before, but also
the leverage parameter 0 j .
20 In particular, removing all the j superscripts and setting y j = 1 reduces all the

equations above to the Wachter (2013) model when the disaster probability k is
time-varying and to a continuous time version of the Barro (2009) model when it is
constant.
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in the true economy, it reflects the optimal process given the con-
straints faced by agents.21 The approach has also been used to
examine risk-sharing in Cochrane (1991), Lewis (1996), and Lewis
and Liu (2015).

2.4.2. Complete versus incomplete asset markets
The domestic-based model above uses the first-order condition

of domestic investors to price domestic assets, without specifying
whether foreign investors also hold these assets. Implicitly then,
much of the domestic-based asset pricing literature assumes that
domestic agents are the marginal investors who determine the price
of domestic assets. To see why, consider again the canonical model
above. In this setting, the source of income to the domestic investor,
Yj

t , affects the state price density, pj
t , that is used in turn to value

the two domestic assets measured in home country consumption:
equity and government bills. As noted earlier, a narrow interpreta-
tion that clearly delivers this result is that each country is completely
segmented in its financial market.22 More generally, however, the
analysis is also consistent with at least two other interpretations:
either markets are complete or they are incomplete in a particular
way described below.

The first alternative interpretation is that markets could be com-
plete. In this case, the countries would share the same state price
density as measured in the same consumption units. Therefore, if
Purchasing Power Parity does not hold, complete markets would
require that Qi,j

t =
(
pi

t/p
j
t

)
or, if it does hold, that p

j
t = pi

t , for all
i, j. Given our goal of analyzing the standard model and allowing for
the most general treatment in our analysis below, we do not impose
these restrictions a priori but instead allow the data to reflect any
such relationship.

A second alternative interpretation is that markets are incom-
plete in a way such that the domestic investors are the marginal
investors that price domestic assets in the given data sample. This
interpretation is based upon the idea that the pricing impact of some
investors in the market may not be apparent during periods when
those investors are inframarginal. This notion is consistent with
some studies of incomplete markets. For example, Telmer (1993)
describes a model in which agents can only trade a risk-free bond,
implying multiple equilibria over time. In this equilibrium, one agent
will often be at a corner solution.23 Further, Heaton and Lucas (1996)
consider domestic economies in which agents only have access to a
risk-free bond but markets are incomplete while Baxter and Crucini
(1995) consider a similar financial market in the international set-
ting. Although the implications of these studies are specific to their
market structure, they admit the possibility that the first-order con-
dition of some investors may be more important in pricing in any
particular period.

21 Identifying the endogenous consumption choice with consumption in the data
has a long tradition in macro-finance, dating to Lucas (1978, 1982). On the connec-
tion between consumption and asset pricing data, see Hansen and Singleton (1983),
Cochrane (1991), Campbell (1993), Campbell and Cochrane (1999) and Bansal and
Yaron (2004), among others. Kocherlakota (1996) provides a very useful review of the
behavior of consumption and asset prices required to generate asset returns. In some
cases, fuller production-based models are separately specified to demonstrate how
an observed consumption process can be generated. For example, Kaltenbrunner and
Lochstoer (2010) show how a persistent autoregressive component to consumption
can arise endogenously even though the technological process in production is only
subject to i.i.d. shocks.
22 Note that countries need not be segmented in goods markets for the asset return

equations to hold, however. If countries are engaged in international trade, then
income processes, Yj

t , will in general be correlated across countries, correspondingly
implying that consumption processes, Cj

t , will be correlated internationally as we find
in Section 4.
23 When markets are incomplete, the Euler equation holds for each agent but is not

unique in aggregate. See Telmer (1993), Bakshi et al. (2015) and Lustig and Verdelhan
(2016), for example.

Overall, then, the standard disaster risk model that conditions
on the domestic household’s valuation of domestic assets may be
interpreted consistently with the international data in three ways.
Financial markets are either (a) completely segmented; (b) com-
pletely integrated; or (c) incomplete in a manner such that the
domestic representative household is the marginal investor during
the data sample.

2.4.3. Purchasing Power Parity versus differing goods prices across
countries

The consumption-based asset pricing literature typically converts
asset returns and consumption into real growth rates using the
domestic price index. This approach has also been maintained in the
disaster risk literature beginning with Reitz (1988) as well as the
more recent literature starting with Barro (2006) and calculated in
international data by Barro and Ursua (2008). Clearly, this practice
implicitly converts these data and their moments into domestic con-
sumption units that differ by country. For this reason, the aggregate
consumption indices in the utility function Eq. (1) as well as their cor-
responding equity prices and government bill rates are all specified
in home consumption units in the framework above.

Therefore, we measure these returns in a manner that is con-
sistent with consumption in each country and do not take a stand
on whether the prices are equal across countries or not. Again, this
treatment admits a range of possibilities from the empirical analy-
sis. If Purchasing Power Parity holds, then current real payouts will
be valued equivalently by investors across countries. However, if
Purchasing Power Parity does not hold, investors will view foreign
payouts differently because of variation in the real exchange rate.
That is, dividends of equity from country j from the perspective of
country i would be: Qij

t D j
t . Intuitively, it would be like the value in real

U.S. terms of a dividend paid in real German consumption units. We
follow this treatment so that our structural framework will match
the empirical analysis in the literature that converts all domestic
assets into domestic real units.

3. Single country implications of disaster risk

Above, we described how to modify a standard disaster risk model
to allow for potential cross-country differences. In this section, we
consider the implications of this framework for non-U.S. countries,
focusing on the data of each country individually as in the U.S.-
based approach. In Section 4, we will examine their cross-country
implications.

3.1. Data by country

Following much of the disaster risk literature, we base our empir-
ical analysis on the long time series sample of consumption and asset
return moments across countries reported in Barro and Ursua (2008).
For the 21 OECD countries in the sample, this data set provides
consumption beginning in the range of 1800 to 1913, depending
upon the country. These data are constructed by deflating with their
respective country consumer price indices. Since consumer prices
are known to differ across countries due to Purchasing Power Parity
(PPP) deviations, the measured consumption identified with C j

t will
presumably not be in the same units of goods across countries. How-
ever, individual country consumption are in the same units as their
own domestic asset returns payouts as developed in Section 2.

Available asset return data generally begin later than consump-
tion, precluding a long history analysis of all 21 countries in the Barro
and Ursua (2008) set. For this reason, we focus upon seven coun-
tries with asset pricing data that begin relatively early: Australia,
Canada, France, Germany, Japan, the United Kingdom, and the United
States. Among these countries, the United Kingdom’s stock return
data starts the earliest in 1791, while Canada begins the latest in
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Table 1
Data moments (Annual %).

AUS CAN FRA GER JPN UK US

Panel A: Unconditional (full sample)
Mean Cons Growth 1.54 1.92 1.62 1.89 2.48 1.47 1.85
Std Dev Cons Growth 5.06 4.74 6.74 5.70 6.89 2.83 3.60
Mean Equity Premium 9.01 3.89 6.04 9.11 8.85 4.62 6.28
Mean Equity Return 10.27 7.81 5.43 7.58 9.28 6.41 8.27
Std Dev Equity Return 16.16 17.54 20.78 29.76 30.17 17.65 18.66
Sharpe Ratio 0.56 0.22 0.29 0.31 0.29 0.26 0.34
Mean Govt Bill 1.26 3.92 −0.61 −1.53 0.43 1.79 1.99
Std Dev Govt Bill 5.66 11.99 9.96 17.88 14.75 6.24 4.82

Panel B: Conditional (post-War sample)
Mean Cons Growth 2.45 2.22 3.34 3.56 5.47 2.38 2.40
Std Dev Cons Growth 3.19 2.24 3.70 3.36 6.19 2.21 2.07
Mean Equity Premium 8.49 6.35 8.15 10.63 11.90 7.77 8.16
Mean Equity Return 9.04 7.82 7.31 10.74 9.32 8.88 8.86
Std Dev Equity Return 20.09 15.82 25.42 33.66 33.73 22.51 17.44
Sharpe Ratio 0.42 0.40 0.32 0.32 0.35 0.35 0.47
Mean Govt Bill 0.55 1.46 −0.84 0.11 −2.57 1.11 0.70
Std Dev Govt Bill 5.14 3.81 9.86 12.05 15.67 3.67 3.19

† Data from Barro and Ursua (2008) .

1934. In all cases, the bond return data are available either earlier or
at the same time as the stock return data.

Table 1 Panel A reports the means and standard deviations for
the equity return, the government bill rate, and consumption for
these seven countries.24 As the table shows, the mean consumption
growth rates of the countries are similar across countries, ranging
between 1.47% and 2.48%. By contrast, the asset pricing estimates
vary widely across countries. For example, Australia has the highest
mean stock return at 10.27% while the lowest is France at 5.43%. Also,
the standard deviations of equities are relatively similar for Australia,
Canada, France, the U.K., and the U.S., but are higher for Germany and
Japan at around 30%. A similar pattern may be seen in the standard
deviation of the bill rates, as those estimates exhibit substantially
higher volatility in Germany and Japan. A wide range of mean bill
rates is also apparent, and those levels are even negative for Germany
and France. In our quantitative analysis below, we refer to moments
calculated over this full sample of data as “Unconditional”, following
Wachter (2013).25

One reason for the range of moments may be that disasters affect
countries heterogeneously in the sample. As such, it may be informa-
tive to condition the moments on years when disasters are absent.
Therefore, following Wachter (2013), we also examine post-War
data as a subset of our full sample, representing a data sample that
excludes large disasters. We refer to these moments as “Conditional”.
Again using the Barro and Ursua (2008) data, we recompute con-
sumption growth and asset pricing moments for the period after
1947. Table 1 Panel B shows the range of annual data moments across
the seven countries for this post-War sample. The range of mean
equity returns is smaller, but the range of standard deviations across
countries remain large. Not surprisingly, the standard deviations of
consumption growth and government bill rates are generally lower
in the post-War period without disasters than in the full sample.

3.2. Matching the moments: constant disaster probability

Given the solutions for the asset pricing returns and the consump-
tion processes in Section 2, we now ask how well the model can fit

24 For Canada, the bill rate is unavailable from Barro and Ursua (2008). We therefore
use the bond rate for this country.
25 Given that Germany and France have negative average bill rates over the sample,

we constrain their targeted bill rates at the lower bound of zero for all analysis below
based upon this sample.

each individual country’s consumption and asset return data. For this
purpose, we use Simulated Method of Moments. We describe results
from this analysis next, relegating details of the simulation to the
on-line Appendix C.

We begin by considering the constant disaster risk model assum-
ing the baseline parameters from Barro (2006). In particular, these
parameters are a relative risk aversion of c = 4, a rate of time pref-
erence of b = 0.03, a “normal times” consumption growth rate of
l = 0.025, and a probability of disaster event of k

j
t = k̄ = 1.7%

for all countries j, where the latter is calculated as the proportion of
years when GDP dropped by 15% or greater. We also assume that the
distribution of the sizes of consumption declines due to disasters, Z,
is given by the historical sample in Barro and Ursua (2008).

Table 2 reports measures of the model fit for both the Uncon-
ditional Model Moments including disasters, targeting the data
moments in Table 1 Panel A, and the Conditional Model Moments
during “normal times”, targeting the post-War data in Table 1
Panel B.26 For each version, we use Simulated Method of Moments
(SMM) to provide the best fit of our model parameters for each coun-
try’s data moments. In order to fit these parameters, we target the
following seven data moments for each of the countries: (a) the con-
sumption growth standard deviation, (b) the mean equity premium,
(c) the standard deviation of the equity return, (d) the Sharpe ratio,
(e) the mean government bill rate, and (f) the standard deviation of
the government bill rate. Using these target moments, we estimate
the following model parameters: (a) the probability of government
bond default, q j; (b) the dividend-consumption leverage parame-
ters, 0 j; (c) the proportion of disaster state consumption decline, y j,
relative to the standard model; and (d) the volatility of consumption
in normal times, s j. We calibrate the mean consumption growth rate
l to be equal to the average mean growth rate across countries.

Table 2 Panel A reports the parameter estimates targeting the
moments over the full “Unconditional” Barro-Ursua sample, includ-
ing years when disasters were observed. Despite the range of data
moments across countries, the estimates for the Unconditional
Model Moments provide a relatively tight range of country-specific
parameters as shown in the final columns of the table. Indeed, for

26 For the Conditional Model Moments, we follow Wachter (2013) simulating a very
long history of years and then dropping years in which disasters happened. An alter-
native approach is to select only sub-samples from the simulated long history that
have no disasters and that has the same length as the post-War period. We leave this
alternative approach for future research.
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Table 2
Constant disaster model fit — SMM.

AUS CAN FRA GER JPN UK US

Panel A: Target Unconditional Data Moments
Fitted parameters Range

q 0.421 0.442 0.431 0.429 0.447 0.445 0.436 [0.421–0.447]
0 2.664 2.795 2.630 2.805 2.755 2.749 2.741 [2.630–2.805]
y 0.884 0.840 0.854 0.843 0.844 0.843 0.846 [0.840–0.884]
s (in %) 2.17 2.26 2.28 2.31 2.29 2.26 2.24 [2.17–2.31]

Unconditional Model Moments (Annual %) Data range
Std Dev Cons Growth 2.12 2.34 2.31 2.43 2.17 2.23 2.34 [2.83–6.89]
Mean Equity Premium 5.36 4.74 4.85 4.80 4.68 4.76 4.73 [3.89–9.11]
Std Dev Equity Return 9.95 10.22 9.94 10.67 10.36 10.19 10.18 [16.16–30.17]
Sharpe Ratio 0.54 0.46 0.49 0.45 0.45 0.47 0.46 [0.22–0.56]
Mean Govt Bill 2.86 3.31 3.18 3.20 3.30 3.30 3.24 [0.00–3.92]
Std Dev Govt Bill 2.35 2.29 2.11 2.42 2.22 2.08 2.27 [4.82–17.88]
Sum of Sq Diff 0.286 0.052 0.079 0.093 0.082 0.067 0.105

Panel B: Target Conditional Data Moments
Fitted parameters Range

q 0.488 0.521 0.462 0.457 0.432 0.502 0.497 [0.432–0.521]
0 2.945 3.005 2.768 2.840 2.731 2.865 2.969 [2.731–3.005]
y 0.839 0.817 0.843 0.841 0.873 0.814 0.808 [0.817–0.873]
s (in %) 3.19 2.24 3.85 3.57 6.25 2.45 2.37 [2.24–6.25]

Conditional Model Moments (Annual %) Data range
Std Dev Cons Growth 3.19 2.25 3.85 3.60 6.25 2.44 2.35 [2.07–6.19]
Mean Equity Premium 6.26 5.12 6.61 6.48 9.97 5.03 5.07 [6.35–11.90]
Std Dev Equity Return 10.32 7.37 11.73 11.29 19.29 7.63 7.61 [15.82–33.73]
Sharpe Ratio 0.61 0.70 0.57 0.59 0.52 0.67 0.67 [0.32–0.47]
Mean Govt Bill 3.44 3.90 3.17 3.24 1.96 3.84 3.88 [0.00–1.46]
Std Dev Govt Bill 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [3.67–15.67]
Sum of Sq Diff 0.050 0.099 0.093 0.141 0.076 0.128 0.053

† Assuming preference parameters b = 0.03, c = 4, consumption growth l = 2.52%, and k̄ = 1.7%. Targeted Mean Govt Bill rate for countries with negative means is truncated
at zero.

most of the parameters, the estimates correspond to those found in
the literature for the U.S. For example, the probability of govern-
ment default is in the range given by q = [0.421, 0.447], close to the
assumption of q = 0.4 in Barro (2006). Moreover, the fitted “normal
times” consumption volatility, s , estimates are between 2.17 and
2.31 and therefore near standard estimates. The range of the esti-
mate for the leverage parameter 0 are between 2.6 and 2.8, near the
Abel (1999) assumption of 3. Overall, these estimates are all rela-
tively in line with values required to fit asset pricing moments in the
U.S., even though the target data moments are for non-U.S. countries
that often have quite different values. By contrast, the range of esti-
mates of y are all lower than one, y j = [0.840, 0.884], indicating
that the consumption loss in the event of a disaster is somewhat less
than that assumed in the standard U.S.-targeted model.

This tight range of fitted parameters creates difficulties in match-
ing the wide range of asset pricing moments, however. As Table 2
Panel A reports, the annualized asset pricing moments from the
model are much closer across countries than their data counterparts
in Table 1 Panel A. For example, in the model, the mean and stan-
dard deviation of government bill rates are all relatively uniform
and do not differ across countries by more than 0.5%. In the data, by
contrast, the final columns show that the means vary by almost 4%
and the standard deviation by over 10%. Similar discrepancies can
be found in the equity returns. Even the more modest range of the
consumption volatilities across countries cannot be generated by the
model.

The last row of Table 2 Panel A emphasizes the poor fit by report-
ing the sum of squared difference (“Sum of Sq Difference”) between
targeted data moments and the average model-derived moments
across parameter estimates. As the numbers indicate, the model fits
particularly poorly for Australia.

A potential problem with these results is that, depending upon
the occurrence and severity of disasters, the data estimates may
not accurately report the population data moments. For this reason,

Panel B of Table 2 reports the results of an alternative SMM anal-
ysis targeting the model under “normal” times excluding disasters,
given by the post-War data moments in Table 1 Panel B. As before,
to get an aggregate measure of how the model fits across all the data
moments, we report the Sum of Squared Difference.

Despite the differences in the samples, the fitted parameters
targeted to the Conditional data moments provide a qualitatively
similar pattern as before and, once again, are similar to the esti-
mates found for the U.S. There are some differences, however. The
values for the probability of government default q are now some-
what higher, between 0.432 and 0.521. Furthermore, the leverage
parameter 0 estimates range between 2.731 and 3.005, and thus are
all close to 3. Also, the implied loss in consumption, captured by
y, is lower than standard disaster studies of the U.S. that assume
y = 1. These estimates are very similar across countries at about
81% to 87% of the size generated by the distribution from the Barro
data.

Given the similarities in parameters across countries, the model
again shows little variation in implied moments across countries. The
government bill rates are mostly between 3% and 4%. Moreover, as
noted earlier, during normal times, the model implies that the bill
rate is constant so that the bill rate volatility is zero. The equity pre-
mium is typically around 5% to 6.5%. Thus, the model cannot explain
the range of equity premia from 6.35% to 11.90% as shown in the
final column. Furthermore, in most cases, the model-implied volatil-
ity of equity is much lower than the 15% to 34% found in the data.
The only notable exception is Japan which, given its large consump-
tion growth volatility, generates a lower bill rate, a higher equity
premium, and a higher equity standard deviation.

3.3. The size of disasters with constant disaster probabilities

In light of these difficulties with matching moments for individual
countries, we next study how variations in key parameters affect the
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Table 3
Constant disaster — Varying y.

y 1.0 0.9 0.8 1.0 0.9 0.8 1.0 0.9 0.8

Parameters Baseline High 0 Low q

q 0.4 0.4 0.4 0.4 0.4 0.4 0.25 0.25 0.25
0 2.8 2.8 2.8 3.0 3.0 3.0 2.8 2.8 2.8
s (in %) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Unconditional Model Moments (Annual %)
Mean Cons Growth 1.86 1.92 1.99 1.86 1.92 1.99 1.86 1.92 1.99
Std Dev Cons Growth 5.99 5.46 4.94 5.99 5.46 4.94 5.99 5.46 4.94
Mean Equity Premium 7.88 5.56 3.91 8.12 5.76 4.08 8.73 6.17 4.34
Std Dev Equity Return 10.74 10.27 9.79 11.27 10.79 10.31 10.74 10.27 9.79
Sharpe Ratio 0.60 0.27 0.02 0.59 0.28 0.04 0.76 0.39 0.11
Mean Govt Bill 1.44 2.78 3.69 1.44 2.78 3.69 0.59 2.18 3.26
Std Dev Govt Bill 2.77 2.81 2.83 2.77 2.81 2.83 2.07 2.10 2.12

Conditional Model Moments (Annual %)
Mean Cons Growth 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Std Dev Cons Growth 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Mean Equity Premium 8.79 6.40 4.67 9.07 6.64 4.87 9.73 7.09 5.19
Std Dev Equity Return 6.19 6.13 6.08 6.65 6.58 6.53 6.19 6.13 6.08
Sharpe Ratio 1.15 0.55 0.13 1.11 0.55 0.15 1.46 0.78 0.30
Mean Govt Bill 1.66 3.00 3.91 1.66 3.00 3.91 0.72 2.30 3.39
Std Dev Govt Bill 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

† Assuming preference parameters b = 0.03, c = 4, consumption growth l = 2.52%, and k̄ = 1.7%. Targeted Mean Govt Bill rate for countries with negative means is truncated
at zero.

implied asset prices. For this purpose, we simulate the model based
upon varying levels of, alternatively, y, 0, and q. These results are
shown in Table 3.

The table begins by reporting the effects of a range of values mea-
sured by the severity of disasters through y. In particular, the num-
bers in the first three columns labeled “Baseline” show how asset
pricing moments vary when the proportionate size of the disaster
y to the standard model ranges from y = 0.8 to 1, holding con-
stant the other parameters. For example, as y increases towards one,
the government bill return declines from 3.7% to 1.4%. As noted in
Section 2, a more severe disaster increases desired savings, thereby
reducing the risk-free rate. As a consequence, the government bond
rate declines with higher y as well, although this effect is muted by
the increased default risk premium. In the absence of time variation
in disaster probability, higher y has a large affect on the mean gov-
ernment bill rate but not the volatility of the government bill rate.
For consumption growth, by contrast, the increase in y has a larger
effect on volatility than on the mean.

Under the next three columns labeled “High 0”, Table 3 shows the
effects of a higher leverage parameter. Here we assume the lever-
age parameter 0 to be 3.0 rather than 2.8, and then re-examine
the results from varying y. Comparing the results to the first three
columns of Table 3 shows that a higher leverage ratio increases
the equity premium. It also increases the standard deviation of the
market return, albeit much more modestly. On the other hand, com-
paring the model moments in the “Baseline” model to the “High 0”
model shows that these effects from higher leverage become muted
when there is less sensitivity to disaster risk; that is, when y is lower.
For example, comparing the Mean Equity Premium, the higher lever-
age ratio increases the equity premium 24 bps from 7.88% to 8.12%
when y is one, but only 17 bps when y is 0.8. The government
bond rate is unaffected by any changes since, as noted earlier, it is
independent of the equity dividend leverage parameter 0.

The last three columns of Table 3 labeled “Low q” report the impli-
cations for the model moments when the probability of government
bond default conditional on a disaster q is 25% rather than the 40%
given in the Baseline Model. Comparing these results to those in the
first three columns makes clear that a decrease in the probability
of government default decreases the government bill rate. The intu-
ition is clear. A lower probability of loss reduces the implied default

risk premium as shown in Eq. (8). Moreover, this lower government
bill rate correspondingly increases the equity premium. Reducing the
likelihood of the default loss in disasters also reduces the volatility of
the government bill rate.

Table 3 also reports the model-implied moments for each set
of parameter values over the normal times sample, given under
“Conditional Model Moments.” The increase in leverage ratio, 0,
again produces a noticeable increase on the mean equity premium,
and a slight increase on the equity return volatility. Similarly, higher
q increases the required government bill rate to compensate for
the risk of government default. Finally, given the low volatility of
the equity return for the conditional moments, the model suggests
implausibly large conditional Sharpe ratios that range between 1.15
and 1.46, for the cases when y is one.

In summary, the model with constant probability of disaster fails
to explain the volatility of asset returns. The volatility of equity
returns are significantly lower than in the data, while the volatility
of government bills during periods without crises is counterfactually
zero. In the next section, therefore, we evaluate the effects of incor-
porating time-varying disaster risk on the cross-country variation in
asset pricing moments.

3.4. Matching the moments: time-varying disaster intensity

We now allow for time variation in the probability of disasters
following Wachter (2013) and ask whether the model can generate
better fitting cross-country differences in asset returns. We take as a
base case for the time-varying disaster probability model the param-
eters from that paper. In particular, we assume for time preference
that b = 0.12, for risk aversion that c = 3, and for the average
probability of disaster that k̄ = 3.55%.27 The time-varying disas-
ter intensity process in Eq. (5) introduces two new parameters: the
volatility of the probability, sk, and its mean reversion, j. Conduct-
ing unrestricted SMM to target these two new parameters in addition
to the other parameters on consumption generally implies that the

27 This probability is based on treating disasters as a decline in consumption of 10%
or more.
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procedure does not converge because sk and j tend to exceed condi-
tions required for the distribution of k to be well-defined.28 For this
reason, in the results reported below, we analyze the model in two
ways. First, we maintain the same disaster risk parameters (j, sk) as
in Wachter (2013), and use SMM to fit, respectively, country-specific
government default, consumption volatility, leverage ratio, and size
of disaster as in: {q,s ,0,y}. Second, we hold fixed those same param-
eters, and fit j and sk to match data moments. For parsimony, we
report in the text only the analysis targeting the Unconditional data
moments, although the results targeting Conditional data moments
are qualitatively similar.

Panel A of Table 4 shows the results for the first case. We choose
the leverage parameter 0, probability of government default q, the
volatility of normal times consumption s , and the proportional
impact of disasters y, to match the target data moments, while fixing
the volatility of disaster intensity sk and its persistence parameter
j. Normal times consumption volatility is calibrated to the standard
deviation of post-War consumption growth in the data as before.
As the table shows, there is now a wider range of parameters. For
example, Australia has a lower leverage parameter and probability
of government default than the other countries. The Sum of Squared
Difference is substantially lower across all countries compared to
those in the constant probability model for Unconditional Moments
in Table 2 Panel A. Furthermore, the differences in parameters now
generate a wider range in asset return moments across countries.
Indeed, the mean of government bill rates becomes too low for Aus-
tralia. The model also generates equity volatility closer to the data.
Overall, the range across model moments by country are closer to
the data range, as shown in the last column. The improvement in fit
is evident in the much lower Sum of Squared Differences in Panel A
of Table 4 compared to Table 2.

Table 4 Panel B reports the estimates based upon reversing
this process. Specifically, we now fix the probability of government
default q, the leverage parameter 0, and the size of disasters y,
to those in Wachter (2013), and instead use SMM to fit parame-
ters in the distribution process for the intensity kt to best match
the targeted Unconditional Model moments. As the table shows, the
parameters vary in a narrow range. The degree of mean reversion
j is essentially unchanged across countries, while sk varies only
between 0.066 and 0.087. In practice, this narrow range is dictated
by the condition that the distribution of k be stationary. But the
resulting implications for the government bill rates and equity pre-
mium are again that asset pricing moments cannot vary much across
countries. This finding is highlighted by the larger Sum of Squared
Difference in Panel B relative to Panel A.

Overall, therefore, the best fit is the model with time-varying
probabilities of disasters in Table 2 Panel A, allowing for differences
across countries in government default recovery rates, consumption
volatility, equity leverage, and effects of disaster shocks.

3.5. The size of disasters with varying disaster probabilities

As the above results show, the means of asset returns are simi-
lar to those of the U.S. market, although there is a higher variation
in standard deviations of returns. Therefore, we now ask how differ-
ences in the impact of disasters can affect the moments, relative to
the constant disaster model previously shown in Table 3.

The results are given in Table 5. For the base case model, reported
in column 1, we first report the implications for Unconditional and
Conditional Model Moments when y is constrained to be 1, as in

28 The intensity process in Eq. (5) has a stationary Gamma distribution only for
1
2 s

2
k < jk̄. Thus, for given assumptions about the mean of disaster probabilities, k̄, the

volatility of probabilities, sk , cannot be too high and the degree of mean reversion, j,
cannot be too low. Otherwise, the distribution of probabilities becomes degenerate.

Wachter (2013), while the second and third columns report the
results when this parameter is lower at y = 0.85 and y = 0.95,
respectively. These values are slightly higher than those considered
in Table 3 due to the additional restriction in the time-varying kt case
that its distribution be well-defined. As the results show, the basic
patterns found in the constant disaster model in Table 3 continue to
hold. For example, reducing y from 1 to 0.85 increases the bill rate
and correspondingly reduces the size of the unconditional equity
premium from 7.6% to 4.6%. Although the volatility of asset returns
in higher with time-varying probability of disasters, the uncondi-
tional equity volatility follows the same pattern as before. That is, it
decreases as the impact on consumption is lessened, declining from
19.95% to 16.62%.

Similar patterns hold in the following three columns, labeled
“High 0”, that consider the impact from increasing the leverage
parameter 0 to 3. However, the unconditional equity premium and
volatility are higher as a direct implication of the increased leverage.
Moreover, the range of potential sizes of declines is narrower since
the model generates solutions outside the boundaries of the disaster
probability distribution for y = 0.85.

Finally, the last three columns, labeled “Low q”, set the probability
of government default conditional on a disaster at q = 0.25, down
from 0.40, as before. The lower risk of default increases desired pre-
cautionary savings at the benchmark disaster size, y = 1, so that the
unconditional mean bill rate is a much lower value of 0.56%.

Similar patterns hold for the Conditional Model Moments. That is,
the precautionary motive for holding bonds decreases with higher y
and lower q so that implied government bill rates increase. Generally,
the equity premium moves inversely with these relationships.

Overall, the time-varying model does provide an improved match
for the volatility of asset returns. This improvement, coupled with
the fact that there is less variability across countries in the asset
return variances, allows the model, even within a narrow range of
parameters, to fit these moments better.

4. International correlation implications of disaster risk

The analysis in Section 3 above examined in isolation the country
effects of the canonical disaster risk framework. In this section, we
begin to examine the international implications of this framework.
To do so, we ask how well the model can generate the international
co-movements of asset returns and consumption that are observed
in the data. In particular, a common empirical finding is that the cor-
relations of consumption are lower than the correlations of equity
returns (see Lewis and Liu, 2015; Tesar, 1995) .

In the canonical disaster framework considered here, these
moments are also affected by real exchange rate variations since
consumption and asset returns are measured using a price index spe-
cific to each country. To see this relationship, recall that the value of
consumption in country j in units of country i is C̃ij

t ≡ Qi, j
t Cj

t . Then
the correlation of consumption growth measured in home consump-
tion units as in the Barro and Ursua (2008) data set will include the
effects of the correlation of the real exchange rates when viewed
from the perspective of a common numeraire. That is, the correla-
tion of consumption between country i and country j measured in

country i price indices is: Corr
(

dCi
t

Ci
t

, dCj
t

Cj
t

)
= Corr

(
dCi

t
Ci

t

d(C̃ij
t /Qi,j

t )

C̃ij
t /Qi,j

t

,
)

and

similarly for asset returns. Clearly, these correlations differ from the

perspective of a given home representative agent depending upon
the real exchange rate. Therefore, in this section, we also demon-
strate that the standard correlation patterns between consumption
and asset returns hold in the data when measured in this way.

In order to consider these international co-movements in the
model, we must discipline the international correlation for each of
the random variables, dB, dBk, and dN. The data counterpart for the
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Table 4
Time varying disaster model fit — SMM.

AUS CAN FRA GER JPN UK US

Panel A: Identical disaster parameters
Fitted parameters Range

q 0.208 0.597 0.597 0.588 0.592 0.598 0.598 [0.208–0.598]
0 2.011 2.874 2.960 3.490 3.493 2.722 2.585 [2.011–3.493]
y 0.977 0.863 0.845 0.823 0.824 0.874 0.889 [0.823–0.977]
s (in %) 3.73 1.60 1.61 1.98 2.12 1.58 1.56 [1.56–3.73]

Identical parameters
j 0.08 0.08 0.08 0.08 0.08 0.08 0.08
sk 0.067 0.067 0.067 0.067 0.067 0.067 0.067

Unconditional Model Moments (Annual %) Data range
Std Dev Cons Growth 7.41 6.59 6.51 6.66 6.75 6.51 6.55 [2.83–6.89]
Mean Equity Premium 7.41 7.52 7.71 9.20 9.26 7.18 6.84 [3.89–9.11]
Std Dev Equity Return 16.87 22.21 22.93 28.69 28.86 20.93 19.74 [16.16–30.17]
Sharpe Ratio 0.44 0.35 0.35 0.33 0.33 0.36 0.36 [0.22–0.56]
Mean Govt Bill 0.09 1.62 1.63 1.55 1.55 1.63 1.63 [0.00–3.92]
Std Dev Govt Bill 3.53 4.12 4.08 4.10 4.10 4.08 4.13 [4.82–17.88]
Sum of Sq Diff 0.015 0.028 0.008 0.020 0.013 0.013 0.002

Panel B: Country specific disaster parameters
Fitted parameters Range
j 0.200 0.200 0.199 0.199 0.199 0.198 0.199 [0.198–0.200]
sk 0.066 0.078 0.079 0.079 0.085 0.087 0.085 [0.066–0.087]

Identical parameters
q 0.4 0.4 0.4 0.4 0.4 0.4 0.4
0 2.6 2.6 2.6 2.6 2.6 2.6 2.6
y 1.0 1.0 1.0 1.0 1.0 1.0 1.0
s (in %) 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Unconditional Model Moments (Annual %) Data range
Std Dev Cons Growth 6.45 6.6 6.57 6.64 6.67 6.61 6.69 [2.83–6.89]
Mean Equity Premium 4.66 4.79 4.85 4.78 4.91 4.95 4.93 [3.89–9.11]
Std Dev Equity Return 12.20 12.78 12.90 12.99 13.29 13.40 13.25 [16.16–30.17]
Sharpe Ratio 0.42 0.41 0.41 0.40 0.40 0.40 0.41 [0.22–0.56]
Mean Govt Bill 0.95 0.94 0.93 0.95 0.92 0.96 0.98 [0.00–3.92]
Std Dev Govt Bill 3.34 3.51 3.49 3.54 3.59 3.59 3.55 [4.82–17.88]
Sum of Sq Diff 0.022 0.047 0.025 0.060 0.055 0.024 0.009

† Assuming preference parameters b = 0.012, c = 3, consumption growth l = 2.52%, and k̄ = 3.55%. Targeted Mean Govt Bill rate for countries with negative means is truncated
at zero.

first of these variables is straightforward since during “normal times”,
Corr(dBi

t , dB j
t ) is equal to the correlation of consumption growth

between the two countries. Therefore, we calibrate this number to

the data correlation in the Conditional data sample. By contrast, there
are insufficient observations of disasters to identify the correlation
of the disaster events and their probabilities in the data.

Table 5
Time varying disaster — varying y.

y 1.0 0.95 0.85 1.0 0.95 0.85 1.0 0.95 0.85

Parameters Baseline High 0 Low q

q 0.4 0.4 0.4 0.4 0.4 0.4 0.25 0.25 0.25
0 2.6 2.6 2.6 3.0 3.0 3.0 2.6 2.6 2.6
j 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
sk 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
s (in %) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Panel A: Unconditional Moments (Annual %)
Mean Cons Growth 1.63 1.68 1.76 1.63 1.68 N/A 1.63 1.68 1.76
Std Dev Cons Growth 6.36 6.07 5.50 6.36 6.07 N/A 6.36 6.07 5.50
Mean Equity Premium 7.62 6.34 4.61 8.56 7.18 N/A 8.07 6.73 4.88
Std Dev Equity Return 19.95 18.79 16.62 23.39 22.36 N/A 19.95 18.79 16.62
Sharpe Ratio 0.39 0.35 0.29 0.37 0.33 N/A 0.41 0.36 0.30
Mean Govt Bill 1.01 1.33 1.86 1.01 1.33 N/A 0.56 0.95 1.59
Std Dev Govt Bill 3.79 3.55 3.11 3.79 3.55 N/A 3.55 3.26 2.76

Panel B: Conditional Moments (Annual %)
Mean Cons Growth 2.52 2.52 2.52 2.52 2.52 N/A 2.52 2.52 2.52
Std Dev Cons Growth 1.99 1.99 1.99 1.99 1.99 N/A 1.99 1.99 1.99
Mean Equity Premium 8.87 7.55 5.73 9.97 8.55 N/A 9.43 8.03 6.10
Std Dev Equity Return 17.73 16.57 14.41 21.19 20.20 N/A 17.73 16.57 14.41
Sharpe Ratio 0.49 0.45 0.39 0.46 0.42 N/A 0.52 0.47 0.42
Mean Govt Bill 1.38 1.69 2.18 1.38 1.69 N/A 0.82 1.20 1.81
Std Dev Govt Bill 2.00 1.74 1.32 2.00 1.74 N/A 2.48 2.16 1.64

† Assuming preference parameters b = 0.012, c = 3, consumption growth l = 2.52%, and k̄ = 3.55%. Targeted Mean Govt Bill rate for countries with negative means is truncated
at zero.
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For this reason, we turn to the assumptions in the literature.
Specifically, there are two extreme assumptions in the literature
about the co-occurrence of disasters across countries: (a) they are
independent; or (b) they are common. As an example of a study
using the first assumption, the Barro (2006) model calculates the fre-
quency of disaster events as independent across countries. Moreover,
the realization of the event itself in the form of the Poisson jump
Nj

t only affects one country. Thus, there are no feedback effects from
disasters in foreign countries that would affect the home country dis-
aster process. Therefore, we start our analysis of disasters with this
assumption in Section 4.1. As an example of a study using the second
assumption, Gourio et al. (2013) assume that disasters are common
across countries. In Section 4.2 below, we examine the model under
this assumption.

We show that neither of these two assumptions of disasters can
explain the data patterns. Therefore, in Section 4.4, we introduce a
new hybrid version, finding that both common and country-specific
disasters are required for the canonical model to match the correla-
tion of asset returns and consumption across countries.29

4.1. International co-movements assuming independent disasters

To examine international co-movements, we begin by consider-
ing the pattern of consumption co-movements implied by Eq. (4),
repeated here for convenience:

dCj
t

Cj
t−

= ldt + s jdBj
t +

(
ey

jZt − 1
)

dNj
t , ∀ j = 1, . . . , J.

If indeed, the Poisson process generating the disaster is indepen-
dent across countries, then clearly the instantaneous consumption
correlations are just given by the correlation of the normal times
Brownians, as observed in the data:

Corr

(
dCi

t

Ci
t−

,
dCj

t

Cj
t−

)
= Corr

(
dBi

t , dBj
t

)
≡ qij. (12)

Similarly, equity price correlations are also only affected by the
correlation of Brownians, implying that there are no effects on the
correlation across countries due to disaster risk. To see why, con-
sider the state price processes across countries from Eq. (7) under
the assumptions that the dN j

t realizations and the Brownians on their
intensities dBj

k,t are independent across countries. In this case, the
correlation of the state price processes are also the correlation of nor-

mal times consumption; that is, Corr
(

dpi
t

pi
t

, dp j
t

p
j
t

)
= qij. The state price

processes are only correlated across countries due to their normal
times consumption correlations since agents view the impact of dis-
asters on consumption as uncorrelated. As a result, the instantaneous
correlation of changes in stock prices across countries using the pro-
cess for equities in Eq. (11) and the assumptions of independent
disasters is also:

Corr

(
dFi

t

Fi
t−

,
dF j

t

F j
t−

)
= qij. (13)

29 Since the objective of the paper is to examine the implications of the standard
disaster risk model, we simply generate the model correlation without taking a stand
on the source of that correlation. This approach leaves open the question of how
much international market integration is implied by the effects of disaster risk on
asset return co-movements. More generally, a large literature has studied the degree
of financial market integration in international markets. See, for example, Dumas and
Solnik (1995), Pukthuanthong and Roll (2009), Bekaert et al. (2011), and Carrieri et al.
(2013), among others. In Lewis and Liu (2015), we focus upon the potential degree of
integration in a long run risk model.

Below, we examine stock returns rather than changes in stock
prices. However, for the case when the probability of disasters is con-
stant, the price-dividend ratio is also constant, so equity returns in
normal times will have the same correlation as Eq. (13).

Furthermore, the independence of disasters implies that the gov-
ernment bill rates will be independent. Simple inspection of the
government bill rate in Eq. (8) makes clear why. As noted earlier,
these rates only vary due to the changes in the probability of disas-
ters, according to k

j
t . When k

j
t and ki

t are uncorrelated for all i, j, then
government bill rates will be as well. Therefore, the instantaneous
correlation of government bill rates under independent disasters is:

Corr

(
drb,i

t

rb,i
t

,
drb, j

t

rb, j
t

)
= 0. (14)

4.2. International co-movements assuming common disasters

By contrast to the assumption of independence, most of the disas-
ters identified in the data by Barro (2006) and Barro and Ursua (2008)
occur at roughly the same time for the OECD countries. For example,
during the periods of the Great Depression and the World Wars,
most of the countries were in disaster states, whether measured by
declines in GDP of at least 15% as in Barro (2006), or by declines of
consumption of at least 10% as classified by Wachter (2013). Naka-
mura et al. (2013) also estimate a world disaster event during these
periods.

Thus, an alternative assumption may be that all countries share
the same disaster risk process so that dN j

t = dNw
t , ∀j where dNw

t is a
Poisson world disaster event shock that has an intensity kw

t . In this
case, consumption for country j follows:

dCj
t

Cj
t−

= ldt + s jdB j
t +

(
ey

jZ − 1
)

dNw
t , ∀ j = 1, . . . , J (15)

where dNw
t is a Poisson jump process and the intensity process

follows:

dkw
t = j

(
k̄w − kw

t

)
dt + sk

√
kw

t dBw
k,t. (16)

To highlight the effects of the common disaster risk, we assume
that the mean reversion parameter, j, and the volatility of the prob-
ability, sk, are the same as defined earlier, and are equal across
countries. However, the impact of the disaster may affect country
consumption growth rates differently through the size of y j. Note
that even if y j = y, ∀j so that all growth rates decline by the
same proportion during a disaster, the impact on levels is unique to
each country since consumption goods units potentially differ across
countries due to real exchange rate effects.

If the disaster event is common, the correlation of consumption
and asset returns will also depend upon the correlation of the dis-
aster components. To see why, consider the effect on consumption
correlations from these common disasters assuming for simplicity
that the intensity on the world disaster shock is constant so that
kw

t = k̄w. Defining the size of the decline in the consumption growth
during disasters as Kj ≡

(
ey

jZ − 1
)

and using moment properties of
Poisson processes, the correlation of consumption across countries is
given by:

Corr

(
dCi

t

Ci
t−

,
dCj

t

Cj
t−

)
=

s is jqij + KiKjkw√(
s i

)2 +
(
Ki

)2
kw

√((
s j

)2 +
(
Kj

)2
kw

. (17)
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Or, in the case where the effect of disasters is the same so that
yi = y j ∀j, and K j = K i = K, the instantaneous correlation is:

Corr

(
dCi

t

Ci
t−

,
dCj

t

Cj
t−

)
=

s is jqij + (K)2kw√(
s i

)2 + K2kw

√((
s j

)2 + K2kw

. (18)

Using the relevant parameter values, it can be shown that the
correlation of consumption growth in Eq. (18) is greater than the cor-
relation of normal times consumption, qij. Thus, in this case of shared
disaster risk, consumption is more correlated.

Now consider the effects on asset prices. The correlation in the
state prices in Eq. (7) will include a common disaster shock, dNw

t ,
thereby increasing the correlation in state prices. In particular, since
disaster risk is shared, both by a common occurrence of the dis-
aster event, dNw

t , and by common changes in its probability, dBw
k,t ,

then intertemporal marginal utility increases at the same time across
countries. As a result, equity prices will share this same higher cor-
relation due to the common disaster shock. To see this relationship,
consider the stock price process in Eq. (11) under constant disaster
risk so that dBw

k,t = 0. Then the stock price evolution becomes:

dFj
t

Fj
t−

= l
j

F,tdt + 0js jdB j
t +

(
e0

jy jZ − 1
)

dNw
t .

As this equation shows, when disaster intensities are constant,
instantaneous variations in equity returns are generated exclusively
through the Brownian on “normal times” consumption, dBt, and the
disaster event shock, dNw

t , as in consumption. However, these effects
on equity prices are magnified relative to consumption growth by
the leverage parameter 0. Thus, the correlations in equity prices are
the same as those of consumption in Eq. (17) except that now Kj ≡(

e0
jyjZ − 1

)
and s j are replaced by s j0 j.

When disaster intensities are time-varying, the correlation of
asset prices can be higher than consumption, however. Rewriting
the stock price in Eq. (11) to include the common disaster event and
common time-varying probabilities, the process becomes:

dF j
t

Fj
t−

= l
j

F,tdt + 0js jdB j
t + gsk

√
kw

t dBw
k,t +

(
e0

jy jZ − 1
)

dNw
t .

In this case, stock price changes have a higher correlation due to
the perfect correlation in dBw

k,t; that is, through innovations to the
probability of a common world disaster.

We next evaluate the quantitative implications for both common
and independent disasters on the correlations across countries.

4.3. Matching the moments: correlations

In order to understand the degree of co-movement between
returns, we focus upon two countries, the U.S. and the U.K. Table 6
reports under “Data Correlation” the cross-country correlations of
consumption growth, equity returns and government bill rates for
these two countries using the Barro and Ursua (2008) data. In the
rows labeled, “Unconditional”, the table gives the correlations cal-
culated over the entire history of common consumption and asset
return data from 1870 onwards, while the rows labeled “Conditional”
provide the same statistics calculated in the post-War data. Both the
Unconditional and Conditional correlations show the pattern typi-
cally found in the literature that consumption correlations are lower
than asset return correlations.

Table 6 also gives these same correlations calculated from the
model simulations assuming the Wachter (2013) parameter val-
ues for two identical countries with correlation in normal times

Table 6
Model implied correlation.

Data correlation No disaster
correlation

Perfect disaster
correlation

Panel A: Static disaster
Unconditional:

Corr Cons Growth 0.119 0.040 0.951
Corr Equity Return 0.473 0.117 0.873
Corr Bill Rate 0.564 0.000 1.000

Conditional:
Corr Cons Growth 0.496 0.495 0.495
Corr Equity Return 0.576 0.495 0.495
Corr Bill Rate 0.628 N/A N/A

Panel B: Time Varying
Unconditional:

Corr Cons Growth 0.119 0.046 0.950
Corr Equity Return 0.473 0.045 0.958
Corr Bill Rate 0.564 0.000 1.000

Conditional:
Corr Cons Growth 0.496 0.490 0.489
Corr Equity Return 0.576 0.056 0.946
Corr Bill Rate 0.628 0.000 1.000

consumption Brownian shocks, Corr
(

dBi
t , dBj

t

)
≡ qij, calibrated to

the post-War data correlation between the U.S. and the U.K. These
simulations are conducted for two cases. Panel A reports the corre-
lations of consumption, equity returns, and government bills under
the assumption that the disaster probability is constant and that
k

j
t = kt = k̄ = 3.5% for j = 1, 2. The table reports both the

“Unconditional” correlations over all realizations as well as the “Con-
ditional” correlations excluding the disaster events. The second col-
umn gives the results when the effects upon consumption due to
disasters are assumed to be uncorrelated across countries as in Eq.
(12). As described above for the constant disaster probability case,
the correlation of equity returns during normal times, as indicated
by the “Conditional” results, is determined by normal times con-
sumption. Over the whole sample including disasters reported in
the Unconditional results, however, consumption and equity return
correlations are driven down to implausibly low numbers by inde-
pendent realizations of dN j

t and dB j
k,t .

Alternatively, the last column reports the results assuming a com-
mon world disaster as in Eq. (15). Since countries are affected by a
common world disaster, the disasters across countries are not only
perfectly correlated, but also have the same magnitude of realiza-
tions of Z. Once again, the consumption and equity return correla-
tions are similar during normal times, as the “Conditional” results
show. However, now the periods of disasters are shared across coun-
tries, both for the timing and size of disasters. As a result, the periods
of disasters generate a strong common component during those peri-
ods, driving the consumption correlations very high. Indeed, the
correlation of consumption is higher than that of equity returns, a
result that is inconsistent with the data.

Panel B of Table 6 provides the correlation when the probability
of disasters is time varying as in Eq. (17). In this case, an impor-
tant component of the correlation of equity returns is determined
by the co-movement of time-variation in disaster probabilities, kt.
The column labeled “No Disaster Correlation” shows that when these
disaster probabilities are uncorrelated, even the normal times Condi-
tional correlations in equities are lower than consumption at 0.056.
As in the static probability case, the independence of disasters ren-
ders the Unconditional correlations in both consumption and equity
to be implausibly low at about 5%. Also, as described in the previous
subsection, the correlation of the bill rates is driven entirely by the
correlation in the disaster probabilities. Thus, when the probabilities
of disasters are independent across countries, the correlation of bill
rates becomes zero.
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By contrast, when disaster events occur at the same time across
countries, the correlations in asset returns are much higher. For this
case, reported in the last column of Table 6 Panel B, equity return
correlations at 0.946 are significantly higher than those of consump-
tion. Moreover, this high correlation is maintained in the full sample
at 0.958. At the same time, both conditional and unconditional gov-
ernment bill rates carry a correlation of one, since they are driven by
the same common disaster probability.

In summary, the investigation highlights problems with both
versions of assumptions on disaster risk. When disasters are inde-
pendent, correlations of asset returns are too low, indeed lower than
consumption correlations. On the other hand, when disasters are
shared, asset return correlations are too high and near one.

4.4. Country and world disasters

As the results above demonstrate, standard assumptions about
disaster risk across countries imply counterfactual implications for
the normal times correlation in equity returns. In the absence of
time-varying disaster intensities, the variation in equity returns is
too low and the equity return correlation is driven entirely by the
correlation in consumption. In the presence of time-variation in dis-
aster intensities, however, the equity return correlation is too high
if the disaster events are common and too low if disaster events are
independent.

This observation suggests that a more plausible assumption is
that some disasters are shared while others are country-specific.
To allow for this possibility, we specify the disaster event in the
consumption process as a mixture of two Poisson jump processes.
Moreover, note that there are two potential dimensions in which dis-
aster risk can be correlated: the disaster event, Nt, and the size of
consumption decline conditional on disaster, Z. To focus upon the
role of disaster events, we assume that disasters are only correlated
through the Poisson process that guides the timing of the disaster,
and allow the size of disasters Zj to be independent for each country
j.30 Then the consumption process in this case is:

dCj
t

Cj
t−

= ldt + s jdB j
t +

(
ey

jZj − 1
) (

dN j
t + dNw

t

)
(19)

where Nj
t has disaster intensity k

j
t and Nw

t has disaster intensity kw
t .

In other words, the probability of a disaster in each country can
be generated by a world disaster shock, dNw

t , or a country-specific
shock, dNj

t . In turn, each of these shocks are driven by their own
time-varying probability processes as in Eqs. (5) and (16).

As such, the correlation of consumption is a mixture of the inde-
pendent and common jump processes. For example, in the special
case when the probability of disasters is constant so that ki

t + kw
t =

ki + kw, ∀t, the consumption correlation is:

Corr

(
dCi

t

Ci
t−

,
dCj

t

Cj
t−

)
=

s is jqij + KiKjkw√(
s i

)2 +
(
Ki

)2
kw

√((
s j

)2 +
(
Kj

)2
kw

(20)

where Kj ≡
(

ey
jZj − 1

)
as before. However, note that the probability

of world disasters kw must now be lower since the total probabil-
ity of a disaster is given by the sum of the probabilities, ki

t + kw
t .

In order to match the data, we therefore impose the condition that
the means of the two intensity processes equals that of the data; or

30 Note that the assumption is only made to connect with the data on the prior
section. In principle, we could consider the case where the world disaster is big and
the country-specific disaster is smaller, or vice versa.

tik̄w +
(

1 − ti
)
k̄i =k̃i where k̃i is the weighted mean of the joint

Poisson process and 0 < ti < 1 is the share of disaster risk of country
i that is due to country-specific disasters.

In this case, the consumption correlations will be lower than in
the case of common world disasters due to the presence of uncor-
related country-specific disasters, thereby lowering kw. The realiza-
tions of these common and country-specific disaster events therefore
affect equity correlations as well. The probability of a disaster for
country i given that country j is in a disaster will lie between the
extreme cases of 0 and 1.

Identifying the share of country-specific versus world disaster
probabilities poses a difficulty with empirically evaluating the dif-
fering disaster risks across countries. Since there are not enough
disaster events in a given country, there are insufficient observations
to detect common versus country-specific disaster events. However,
Lewis and Liu (2015) propose an identification approach that is use-
ful in this context. Given the pattern of consumption correlation such
as in Eq. (20) along with the implied correlation patterns of asset
returns in the model, we can recover the relevant patterns for iden-
tification such as ki,kw. Using the framework above, we can vary
the share of country-specific disaster risk through ti to match the
observed correlation patterns.

Table 7 demonstrates the relationship implied by varying ti

between 0 and 1 for the Static Disaster case in Panel A and the Time-
Varying Disaster case in Panel B. To be consistent with our prior
analysis, we set k̃i = 3.55%. We continue to maintain the assumption
that the variance of the probability of country-specific and world dis-
asters are the same, as for the case of the U.S. and U.K. example. As
the weight on the world disaster increases, the correlation of asset
returns increases. For example, for the Time-Varying case under nor-
mal times (signified by the Conditional rows), the correlation of
equity returns increases from 0.055 when disasters are uncorrelated
to 0.946 when they are perfectly correlated. A similar pattern holds
for the bill rate.

The table results suggest combinations of world and country-
specific disasters that may match the pattern of correlations given
that consumption correlations are equal to their data counterparts
by construction. Using again the example of the Conditional period
Time-Varying Disaster case, when t = 0.6, the correlation of equity
returns is 0.59 while that of bill returns in 0.61, both close to their
data counterparts of 0.58 and 0.63, respectively. The fit to the full
sample period reported as the Unconditional results are not as tight,
in part because of the low data correlation of 0.12 over the full period
since 1870. This tendency may reflect an increase in consumption
correlations over time as the world has become more integrated.
Overall, the evidence suggests a higher degree of world disaster
risk than country disaster risk is needed to explain the degree of
co-movement between asset returns.

5. Concluding remarks

A growing literature examines the impact of disaster risk on the
macroeconomy and asset returns. Indeed, the relevance of this risk
has become more evident since the recent financial crises. A standard
approach in this literature is to use international data to make infer-
ences about the frequency and size of these disasters. Nevertheless,
the focus of these studies has largely targeted U.S. consumption and
asset return behavior.

In this paper, we began to ask what this literature means from
an international perspective. For this purpose, we evaluated inter-
national asset returns through the lens of a canonical disaster risk
model as articulated in Barro (2006, 2009) and allowing for time-
varying disasters as in Wachter (2013). Our analysis led to three
main findings. First, while the disaster risk model does well in
explaining U.S. asset returns, it is less successful in matching the
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Table 7
Model implied correlation — varying world and individual country disaster.

Data t = 0.0 t = 0.2 t = 0.4 t = 0.6 t = 0.8 t = 1.0

Panel A: Static disaster
Unconditional:

Corr Cons Growth 0.119 0.048 0.144 0.270 0.373 0.491 0.614
Corr Equity Return 0.473 0.122 0.242 0.367 0.495 0.634 0.766
Corr Bill Rate 0.564 0.000 0.053 0.114 0.200 0.279 0.304

Conditional:
Corr Cons Growth 0.496 0.495 0.494 0.494 0.495 0.495 0.494
Corr Equity Return 0.576 0.494 0.493 0.493 0.494 0.494 0.494
Corr Bill Rate 0.628 N/A N/A N/A N/A N/A N/A

Panel B: Time varying disaster
Unconditional:

Corr Cons Growth 0.119 0.042 0.169 0.281 0.387 0.482 0.613
Corr Equity Return 0.473 0.037 0.236 0.396 0.565 0.722 0.920
Corr Bill Rate 0.564 0.002 0.117 0.230 0.357 0.434 0.561

Conditional:
Corr Cons Growth 0.496 0.492 0.495 0.494 0.492 0.495 0.494
Corr Equity Return 0.576 0.055 0.257 0.416 0.586 0.748 0.946
Corr Bill Rate 0.628 0.007 0.225 0.416 0.612 0.793 1.000

range of asset return behavior observed internationally. Second, the
degree to which the model can explain international asset return co-
movements hinges largely on the importance of a common disaster
risk across countries. Specifically, if the frequency and size of disas-
ters is independent across countries, the correlation of asset returns
is implausibly low. By contrast, if all disasters are common, these
correlations are near one and, hence, unrealistically large. Third,
these findings suggest that international correlations of asset returns
and consumption can provide an identification of the importance of
world versus country-specific disasters. Calibrating the model to the
correlations between the U.S. and the U.K. implies that 60% of the dis-
aster risk is common between the two countries. Overall, this paper
shows that the international dimensions of standard disaster risk
models carry important implications for their saliency.

Appendices. Supplementary data

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.jinteco.2017.03.001.
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