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Abstract

This paper studies the international transmission of shocks under different de-
grees of cross-country shocks co-movement and economic integration via a two
country-two good model with recursive preferences, frictionless markets, and cor-
related short- and long-run innovations. In contrast to recent studies, I show that
the inclusion of cross-country balance sheet linkages and borrowing constraints does
not represent a necessary condition to produce a strong international propagation
mechanism. The novel risk sharing mechanism embodied in the model produces
symmetric and synchronized movements in consumption and stock prices even if
there are uncorrelated shocks and segmented goods markets. Nevertheless, model’s
results give rise to a “quantitative trade-off’. On the one side, the presence of
correlated long-run growth prospect is needed to produce a relatively low risk-free
rate and a relatively high equity risk premium (consistent with asset pricing data),
a no-close to unity cross-country consumption growth correlation (consistent with
international consumption data), and the Backus-Smith correlation. On the other
side, a negative short-run shock is key to produce a large and synchronized drop
in real and financial flows (consistently with the properties of the 2008-2009 global
demand collapse).
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1 Introduction

During the last 30 years there have been many attempts to match international real
and financial data by means of general equilibrium models. Nevertheless, empirical and
theoretical international business cycle studies tend to produce conflicting results. For
example, while empirical findings suggest that pairs of countries with strong financial
linkages (such as US and UK) tend to have highly correlated business cycles (Imbs, 2004,
2006), theoretical models do not produce results that are quantitatively consistent with
these findings, a gap known in the literature as “quantity anomaly”.! Another key issue
emerging from the recent international business cycle literature is related to the number
of strong assumptions needed to capture the international propagation mechanism, the
nature of the transmission channel and the co-movement across countries. Models’ as-
sumptions are generally related to the structure of the international financial markets,
the nature of the shocks hitting the economy, and the persistence of these shocks. Re-
cently developed international business cycle models suggest that market incompleteness
is crucial for the international diffusion of shocks and the resolution of the consumption-
real exchange rate anomaly (Corsetti et al., 2008; Wada, 2013). In addition, a financial
autarky regime seems to account for observed cross-country output, investment and con-
sumption correlations (Heathcote and Perri, 2002). These models do not require addi-
tional assumptions. In contrast, models developed in a international complete markets
context (i.e. financially integrated markets) seem to be forced to make additional as-
sumptions. On the one side, there are assumptions on the markets’ structure. They
rely on the inclusion of financial frictions (i.e. borrowing constraints: Devereux and Yet-
man, 2010; Devereux and Sutherland, 2011) or labor market frictions (i.e. wage rigidity:
Kollmann, 2001; Perri and Quadrini, 2013). On the other side, there are assumptions
on the nature of the shocks. A large part of the international business cycle models
embody technology shocks (Baxter and Crucini, 1995; Corsetti et al., 2008; Devereux

and Yetman, 2010; Kose and Yi, 2006; Wada, 2013, among many others). Some works

1See Backus at al. (1995) and Obstfeld and Rogoff (2001) for a full discussion on the main puzzles in
the international business cycle literature.



instead assume credit/financial shocks or both technology and credit/financial shocks
(Dedola and Lombardo, 2012; Devereux and Sutherland, 2011; Kollmann, 2001; Perri
and Quadrini, 2013). Then, few models make also a distinction on the persistence of
the shocks (Baxter and Crucini, 1995; Corsetti et al., 2008; Wada, 2013). Following the
observed increase in the degree of economic and financial integration across countries
(Figure 2), a large part of the international business cycle literature has focused on the
re-solution of the international macroeconomic data anomalies (e.g. consumption-real ex-
change rate anomaly, forward premium puzzle). Most recently, following the 2008-2009
unprecedented and synchronized drop in real and financial economic activity across all
major industrialized economies (Figure 3), the nature of the international transmission
channel, the international diffusion of shocks and the synchronization across cycles have
received an enormous amount of attention. Relative, little research, however, has ad-
dressed whether different a degree of cross-country shocks co-movement and economic
integration is important in terms of improving model’s ability in matching international
consumption, currency and asset pricing data as well as in reproducing a strong and
realistic international co-movement of real and financial flows.

In this paper, I employ a two-country model with recursive preferences, frictionless
markets and highly persistent cross-country correlated shocks to study the international
diffusion of shocks under different degrees of co-movement between cross-country shocks
and economic integration, an aspect neglected in Colacito and Croce (2013) who focus on
the resolution of the forward premium and consumption-real exchange rate puzzles, two
aspects still subject to controversy.? Therefore, I abstract from market incompleteness,
financial frictions, and credit/financial shocks. The choice of using this model is motivated
by several factors. First, because of recursive preferences, it allows to separate the risk
aversion parameter from the intertemporal elasticity of substitution, a key feature to
match asset pricing data. Second, it is one of the international business cycle models that
is able to reproduce the Backus-Smith correlation by assuming international complete

rather than international incomplete markets, a feature of the model in line with the real

2See, for example, Lothian and Wu (2011), and Corsetti et al. (2012).



world where there is a wide array of assets that can be internationally traded (equities,
bonds with different maturities, bonds denominated in different currencies, plain vanilla
and exotic derivatives), especially across industrialized economies (e.g. US vs UK).3
Compared to an incomplete markets world, which produces limited consumption risk
sharing both internationally and domestically (Crucini, 1999; Santos Monteiro, 2008),
the presence of complete markets in the model allows for a stronger consumption risk
sharing mechanism. Third, it allows to address whether increased trade is associated
with stronger business cycle co-movements (Frankel and Rose, 1998; Kose and Yi, 2006).
Formally, it does not include any kind of financial (e.g borrowing constraints) or labor
market frictions (e.g. nominal and real wage rigidity) and allows for a strong international
propagation mechanism via a unique transmission channel, that is, the trade channel. In
practice, the model accommodates the well-known results that the magnitude of the
transmission of international shocks increases as bilateral trade increases.* In addition,
it accommodates recent results showing that the role of cross-country financial linkages
during the subprime crisis is marginal. Fourth, it allows to analyze the impact of both
highly persistent and not highly persistent cross-country shocks, a key aspect in presence
of fully integrated financial markets (Baxter and Crucini, 1995). Last, it embodies home
bias in the goods markets, as aspect neglected in the recent international business cycle
literature (Bacchetta and van Wincoop, 2013) which allows to study the impact of the
economic integration on the international transmission of shocks.

This paper has three main goals. First, I run a sensitivity analysis on the degree
of co-movement between home and foreign short- and long-run shocks. The impulse
response functions suggest that a shock in the home country affects the consumption
growth, stochastic discount factor and stock market return in the foreign country even is
there are lowly (negative and positive) correlated or uncorrelated cross-country short- and

long-run shocks. Because of recursive preferences and long-run shocks, we just observe

3For a detailed discussion on the robustness of the results obtained in a one-traded bond world, see
Benigno and Kucuk-Tuger (2010).

4Empirical evidence supporting the idea can be found in Frankel and Rose (1998), Clark and van
Wincoop (2001), Calderon et al. (2001), Baxter and Kouparitsas (2004), Santacreu (2011), and Liao and
Santacreu (2012).



differences in the sign of the responses. If a positive (negative) short-run news for the
supply of the home good takes place, consumption and stock prices will increase (decrease)
in both countries. In contrast, upon the realization of long-run shock, consumption and
stock prices move in the opposite direction across countries. The latter depends critically
on the fact that a long-run shock has a large effect on the lifetime utility value, that is,
it produces a decline in future marginal utility and forces agents to reduce the share of
home consumption. On the one side, results suggest that the presence of highly-correlated
long-run growth prospects is not key to re-produce a strong propagation mechanism. On
the other side, they suggest that such presence is crucial to be closer to asset pricing and
international consumption data. In particular, I show that under the baseline calibration
(Table 1) the model jointly generates a relatively low risk-free rate and a relatively equity
risk premium (consistent with asset pricing data, see Table 3), and a relatively low cross-
country consumption growth rates (consistent with empirical evidence reported in the
international business cycle literature, see Table 3). Therefore, in contrast to existing
standard international real business cycle models with complete markets, the model with
long-run risk does not induce strong positive cross-country consumption correlations.
As an exercise, I re-calibrate and re-estimate the model using estimated values for the
correlations between home and foreign short- and long-run innovations. In a linear state
space model context and using the Kalman filter as recursive algorithm I obtain a cross-
country short-run shocks correlation equal to 0.75 and a cross-country long-run shocks
correlation equal to 0.68. While the international propagation mechanism as well as
the asset pricing data seem to be unaffected by the different calibration, the simulated
real exchange rate volatility and the cross-country consumption growth rates correlation
largely change (Table 4).

Second, in the spirit of Bacchetta and van Wincoop (2013), I study the international
diffusion of shocks under different degrees of economic integration. In line with recent
works aimed at capturing international recessions (Perri and Quadrini, 2013), this part
of the analysis focuses on negative shocks. In practice, I study the effects of a negative

short- and long-run news realization for the supply of the home good on the foreign



equity and goods markets under different degrees of economic integration. My main
findings are as follows: (i) shock are internationally transmitted even if there are highly
segmented goods markets; (ii) in presence of full economic integration shocks are perfectly
transmitted, that is, the order of magnitude of the impulse response functions is equal
across countries; (iii) the impact of a good or bad news to the supply of the home good
on the home and foreign consumption and asset prices is synchronized even if there are
highly segmented goods markets. In other words, the model is able to produce cross-
country co-movements in real and financial variables, consistently with the property of
the 2008-2009 global demand collapse.

Third, T investigate whether or not any key moments of some financial and real vari-
ables change significantly when I vary the cross-country short- and long-run shock corre-
lation and the consumption home bias parameter. I focus on a subset of statistics that are
particular sensitive to these parameters and have received an enormous attention in the
international business cycle and asset pricing literature (e.g. risk-free rate, equity risk pre-
mium, cross-country consumption growth rates correlation, real exchange rate volatility).
I observe that the cross-country consumption growth correlation and the real exchange
rate volatility are heavily sensitive to changes in the degree of co-movement between
cross-country short- and long-run innovations. The result holds across both models, with
and without long-run risk. In particular, in a model with long-run innovations, a lower
cross-country long-run shocks correlation produces a negative cross-country consumption
growth correlation (inconsistent with international consumption data), and, in a model
with no long-run risk, a lower cross-country long-run shocks correlation tend to generate
a positive and relatively low cross-country consumption growth correlation (consistent
with existing empirical evidence on international consumption data but inconsistent with
more recent empirical evidence). Not surprisingly, I also observe that an increasing degree
of economic integration produces simultaneously an increase in the co-movement between
cross-country consumption growth rates and a decrease in the real exchange rate (i.e. the
economy converges to a one-good world and diversification benefits from trading financial

assets decrease generating a lower pressure on currency). I conclude by arguing that a



baseline calibration, where long-run growth prospects are highly correlated and countries
are highly segmented, is a necessary condition to match international consumption and
asset pricing data.

The paper is organized as follows. The next section reviews the literature. Section
3 describes the model and the novel risk-sharing mechanism. Section 4 describes the
baseline calibration of the model and studies the international transmission of shocks
under different degrees of cross-country shocks co-movement and economic integration.

Section 5 describes the quantitative benefits of the trade channel. Section 6 concludes.

2 Related literature

This paper is aimed at providing a contribution to the following lines of research:
long-run risk, international business cycles and global integration. The paper is most
closely related to Colacito and Croce (2010, 2013), Devereux and Yetman (2010), and
Bacchetta an van Wincoop (2013). As in Colacito and Croce (2010, 2013), my envi-
ronment has recursive Epstein and Zin (1989) preferences, long-run risk and frictionless
financial markets. As in Devereux and Yetman (2010), I focus on the international trans-
mission of shocks. As in Bacchetta and van Wincoop (2013), my model accounts for
different degrees of economic integration.

It is largely accepted that standard international business cycle models have problems
in matching international data. In particular, these models tend to generate a close to
unity cross-country consumption growth rates correlation, predict negative correlation
between investment and employment, and produce low real exchange volatility; whereas
data suggest a lower cross-country consumption correlation (or at least in line with cross-
country output correlation), a positive correlation between investment and employment,
and a higher real exchange rate volatility. It is also largely known that standard models do
not solve two important asset pricing puzzles, that is, the equity premium puzzle (Mehra
and Prescott, 1985; Mehra, 2003), the risk-free rate puzzle (Weil, 1989), and do not

account for the forward premium (Fama, 1984) and Backus and Smith (1993) anomalies.



Recent research has successfully solved some of these puzzles. Early studies (e.g. Baxter
and Crucini, 1995; Kollman, 1996) suggest that introducing financial frictions into the
model might help to resolve some of the above puzzles. Heathcote and Perri (2002)
compare the predictions of a two country-two good model in a financial autarky regime
with those generated by a model where economies have a single bond or complete asset
markets. They first observe that results under financial autarky and results in presence
of complete markets are very different. They also find that values generated by the
financial autarky model are closer to the data than those generated by other models.
Their result holds over different calibrations. Similarly, under additional assumptions,
Benigno and Thoenissen (2008) and Corsetti et al. (2008), in a “two country-one trade
bond” environment, are able to produce a relatively low correlations between relative
consumption and the real exchange rate. However, Benigno and Kucuk (2010) show
that these models fail in reproducing international consumption data once a second trade
asset is introduced. Kollmann (2012) argues that the one-traded bond assumption is
too strong. Other works show that the inclusion of nominal rigidities allows to produce
very volatile real exchange rates and a realistic pattern of the cross-country consumption
growth rates correlation (Chari et al., 2002).

Following the international impact of the 9/11 terrorist attacks and the US subprime
crisis on the real and financial variables of all the major industrialized economies, the
nature of the international transmission channels as well as the diffusion of shocks across
countries have attracted an enormous attention in the international business cycle liter-
ature. Recent studies argue that standard international business cycle models have also
problems in reproducing a strong propagation mechanism (Heathcote and Perri, 2002;
Dedola and Lombardo, 2012). This lack in the international transmission of shocks tend
to rise also in presence of a high degree of financial integration and is often solved by
introducing cross-country correlated shocks in the model. Dedola and Lombardo (2012)
employ a two-country model with financial frictions, and show that strong international
business cycles co-movements might take place even if there is no correlation between

cross-country shocks. In particular, they show that financial shocks generate a stronger



international co-movement of macroeconomic variables than technology shocks. Devereux
and Yetman (2010) develop a two-country model with heterogeneous agents (i.e. borrow-
ers and lenders) and leveraged constrained investors. Their model suggests that in absence
of leverage constraints on investment, financial integration per se has no implications for
international macro co-movements. It turns out that financial frictions plays a crucial role
in the international propagation mechanism. Bacchetta and van Wincoop (2013) argues
that the presence of a one-to-one transmission of shocks in a financially constrained econ-
omy relies on the assumption that goods and financial markets are perfectly integrated.
Recent studies show that the inclusion of credit shocks rather than technology shocks in
an economy characterized by perfectly integrated goods and financial markets is able to
generate a one-to-one transmission of shocks (Devereux and Sutherland, 2011; Kollman
et al., 2011; Perri and Quadrini, 2013). van Wincoop (2013) develops a model with credit
shocks and observes that financial home bias allows for a partial transmission at best.
Nevertheless, it has been observed that there is a weak relation between financial linkages
that countries have with the United States and the decline in their GDP /consumption
growth and asset prices during 2008-2009 (Rose and Spiegel, 2010; Kamin and Pounder,
2012). In contrast, bilateral trade seems to increase the transmission of shocks between
countries (Frankel and Rose, 1998; Clarck and van Wincoop, 2001; Kose and Yi, 2006,
among others). Given that international goods markets still display some degrees of seg-
mentation, Bacchetta and van Wincoop (2013) develop a two country-two period New
Keynesian model with consumption home-bias, where the home-bias parameter reflects
the degree of goods market integration. They show that a minimum level of economic
integration is a sufficient condition to have a business cycle panic. In particular, they
are able to match the steep decline in output, consumption and investment during the
second half of 2008 and beginning of 2009 in the United States was of similar magnitude
of that observed in the rest of the world (Figure 3). Perri and Quadrini (2013) develop a
two-country with both credit and technology shocks, and show that a credit tightening
produces an endogenous and synchronized drop in economic activity and asset prices,

that is, the model is able to reproduce international recessions.



Differently from these studies, I employ a two-country model with recursive pref-
erences, frictionless markets, long-run risk and endowment rather than credit shocks,
developed by Colacito and Croce (2013), to study the international diffusion of shocks
across countries. I consider two main departures from Colacito and Croce (2010, 2013)’s
benchmark model. First, I abstract from the resolution of the forward premium and
Backus-Smith puzzles, two aspects largely discussed in the literature and still subject to
controversy, and I focus on the international diffusion of short- and long-run innovations.
Second, I examine the international propagation mechanism in a scenario characterized
by uncorrelated (or negatively correlated) cross-country shocks and different levels of
economic integration. My approach is different from previous works in that it does not
include any kind of financial frictions and accounts for a unique transmission channel (i.e.

the trade channel).

3 The Economy

Consumption aggregate.

The economy is composed by two countries, home (H) and foreign (F'), and two goods
X and Y. The home (foreign) country is endowed with good X (V). Agents’ preferences

are defined over a consumption aggregate of good X and good Y. Formally,

CH,t = (xH,t)“(yH,t)lfa and CF,t = (IF,t)lfa@F,t)a (1)

where C'y; and Cp, are the consumption aggregates in the home and foreign country,
respectively, zp, and yg; denote the consumption of good X and good Y in the home
country at time ¢, xp; and yp; denote the consumption of good X and good Y in the
foreign country at time ¢, and a € (0, 1) represents the home bias parameter. As intro-
duced by Bacchetta and van Wincoop (2013) in a two country-two period model, o« > 0.5
implies that there is preference home bias towards domestic good. Specifically, o captures
the degree of goods market integration. A value of a close to 1 represents a scenario with

highly segmented markets. Clearly, & = 1 implies goods market autarky. If « is close to
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0.5, then markets are perfectly integrated. As suggested by Bacchetta and van Wincoop
(2013), o = 0.5 might be associated with perfect economic integration across the home
and foreign countries and implies market completeness even if there is no international
trade of assets (i.e. the real exchange rate is equal to ratio of the marginal utility of con-
sumption across the countries). As pointed out by Colacito and Croce (2010), if & = 0.5
the economy collapses to a one good world where the risk cannot be diversified and the
international trading of financial assets becomes worthless.® I measure US goods market
home bias in the US using the import of goods-total private consumption of goods ratio
for three different trading partners, World, European Union and United Kingdom. I
obtain a home bias parameter equal to 0.5, 0.89 and 0.98, respectively.® Similarly, Bo-
denstein (2008) observes that the average ratio of US imports from Canada, Europe, and

Japan to US GDP between 1960-2002 is 5% (consistent with o > 0.90).
Preferences.

Agents’ preferences in the home and foreign country are recursive. Formally,

_ -1/ 1
Upe = [(1 = 0)(Ci) ™Y 4 B, [(U ) 70 |7 @)

)

where i € (H, F'), v is the coefficient of relative risk aversion (CRRA), and v denotes the
intertemporal elasticity of substitution (IES). In contrast to a standard CRRA specifica-
tion, preferences in Eq. (2) suggest that agents can be risk averse in future consumption
(i.e. future utility), that is, agents have preference for early resolution of uncertainty.
Risk aversion to movements in future utility takes place if condition v — i > 0 holds (i.e.
if the CRRA is bigger than the inverse of the IES). The following ordinally equivalent

Ulfl/w

transformation of (2), V; = 7175 » highlights such recursive preferences’ feature. Eq. (2)

5This particular scenario results from the Cobb-Douglas specification and is formally discussed in
Cole and Obstfeld (1991)

6Total imports of goods and total private consumption of goods series are from the NIPA tables of
the Bureau of Economic Analysis and run from 1999 to 2012. The ratio is averaged across the period
1999-2012. Note that the consumption home bias parameter obtained by using the United Kingdom as
trading partner is consistent with the US-UK word calibration of Colacito and Croce (2013).

11



can be written as follows”

Y 5
Vir (1 —-0)——— 4+ 0E|Vis1]| — =—=————Var|V, 3
¢~ )1 1/ + 0 Ey[Vitd] 2 EVind] ar[Vis] (3)
where 6 = Y:i% Agents have preferences for early resolution of uncertainty if v >

1/1, that is, when 6 is positive. Under this condition uncertainty about continuation
utility, Var,[Vi11], reduces welfare and force agents to trade off future expected utility,
E4[Viy1], for future utility risk, Var:[Vi41]. This mechanism represents the basis of cross-
country movements in allocations and asset prices (Colacito and Croce, 2013). Notice
that this preference specification allows to separate the risk aversion parameter from the
intertemporal elasticity of substitution, a key feature for the model to be able to match

asset pricing data. As shown in Epstein and Zin (1989), the stochastic discount factor in

Vi :5(Ci,t+1>(1/w)( Uz‘l,;jl )1” (4)
" Cia L [Uzl;jl]

)

this setting is

where 1 = H, F.
Endowments.

I model endowment dynamics as in Colacito and Croce (2010, 2013). First, endowments
are co-integrated processes. Second, variation in the log of the endowment can be ex-

plained by an exogenous variable. Formally,

AlogX; = py + 214-1 + 7(logYi—1 — log Xy 1) + €24 (5a)

AlogYy, = py + 2241 + 7(logX;—1 — logY;—1) + €y, (5b)

where 7 € (0,1) is the co-integration parameter, and z;, and 2o, are highly persistent

TA detailed derivation of Eq. (3) can be found in Colacito and Croce (2013).
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AR(1) processes

210 = P121,4-1 T €1 (6a)

2ot = P2iot—1 + €t (6b)

I refer to €,; and €,, as short-run shocks and to €, and €;; as long-run shocks. In
contrast to short-run shocks, €,; and ¢,4, €, and €z, have a long-lasting impact on the

endowment growth rates. Shocks are distributed as follows

2
€t 0 0. Ocprey 0 0
€yt .. 0 O-nyem O—Ezy 0 0
~ i.i.d. N : (7)
2
€1t 0 0 0 02 Ocpe
0 0 0 o o?
€2t €2,€1 €2
N—— —— -~
= 0 Q

where = is the shock vector and € is the variance-covariance matrix of the cross-country
short- and long-run shocks. A sensitivity analysis on €2 represents one of the most impor-
tant element of our analysis. As pointed out by Dedola and Lombardo (2012), different
values of the elements embodied in Q (i.e. o, ,, 0c ) might have quantitative impli-
cations. In fact a different degree of co-movement between shocks can affects simulated
moments (e.g. cross-country consumption correlation, real exchange rate volatility, eq-
uity risk premium and riskfree rate) and the strength of the international propagation
mechanism. My study is the first to examine the effect of changes in the cross-country
correlation of short- and long-run shocks, via a two-country model with recursive prefer-
ence, long-run risk and frictionless markets, on the international propagation mechanism

and resolution of “quantity anomalies”.
International capital markets.

Given that international financial markets have became increasingly integrated, especially
across advanced economies (Figure 2), I focus on a market structure where financial

assets are internationally traded. In other words, capital markets are domestically and
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internationally complete. Both financial and goods markets have no frictions. Thus,

agents are subject to the following budget constraint

THt + DY+ Z Pri (8" A (s77) < X+ Apy (8a)
St+1
Tre + PeYre + Z Pt+1($t+1)AF,t+1 (StH) < pYi + AF,t (8b)

St+1

where p; is the price of good Y in terms of good X, Ay4(s") (Ar.(s')) denotes the claim of

country home (foreign) to time ¢ consumption of good X, and P, is the state-contingent

price (i.e. the price of one unit of £ + 1 consumption contingent on the realization of s+

at time ¢ + 1).% In equilibrium, the international state-contingent claim market clears

AH,t + AF,t - 0 V t.

Optimal allocations: Complete markets.

In presence of complete markets, Colacito and Croce (2010, 2013) show that an effi-
cient allocation is the solution a planner’s problem choosing a sequence of allocations

+OO . .
{$H,t7 TFEt, YH t» yF,t}tzo to maximize

Q =0gUpo+ 0pUpp

subject to the following feasibility constraints:

Ty +xp =Xy, Yuyg+yre =Yy V>0

where 0y and 0 are the date 0 non-negative Pareto weights attached to the consumer by
the planner. The first order conditions of the social planning problem imply the following

Pareto optimal allocation

8Note that under financial autarky there is no trade of assets (i.e. 4y =0, V¢,V s141)
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o = aX, {1 + (11__02&9;;;)} , f =(1-a)X, {1 + %} (9a)
v = (1), [1 ' afﬁ—j@%] W =aY, {1 " (;(g‘f{&a‘)ﬂ (9h)

where

St = St1

Mp (CH,t/CH,t—l)
Mpi \ Cri/Cri—s '

As in Andersen (2005), the first order condition holds for all dates, for all states and for
all agents H and F when 0y,0r > 0, and S; denotes the ratio of time-varying pseudo-
Pareto weights, Z—’;. We can think of S; as the share of world consumption. In addition,
it is easily verifiable that for S; = 1 the optimal allocation under complete markets and

the optimal allocation under financial autarky are equal.’

4 Quantitative analysis

The extensive literature on the international business cycle co-movements has focused
mainly on the resolution of the quantitative anomalies (e.g. consumption-real exchange
rate anomaly, forward premium puzzle, cross-country consumption growth rate puzzle)
under ad hoc calibrations. In this section I extend the analysis of the business cycle co-
movements into two main directions. First, I analyze how the international propagation
mechanism is affected by different degrees of co-movement between home and foreign
short- and long-run innovations and economic integration. Second, I investigate whether
or not any key moments of some financial and real variables change when I vary the
cross-country short- and long-run shocks correlation and the consumption home bias
parameter. I focus on a subset of statistics that are particular sensitive to different levels

of cross-country shocks co-movement and economic integration.

9Under financial autarky financial markets are internationally incomplete (Cole and Obstfeld, 1991).
Goods market trade takes place and is balanced in every period. It turns out that the absence of an
international trading activity does not allow for intertemporal consumption smoothing.
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4.1 Baseline calibration

Table 1 reports the set of parameter values employed by Colacito and Croce (2010,
2013) in their baseline calibration. The calibration of the long-run risk components is
based on the post-1970 era, a period of increasing financial and economic integration
across all major industrialized economies (Figure 2). The remaining calibrated parame-
ters match previous works in the long-run risk literature. If there is no long-run risk (i.e.

o = 0), the baseline calibration is modified by assuming p,, = 0.35.

Table 1: Baseline Calibration.

Parameter Value  Parameter Value
i Endowment long-run growth rate 2.00% «  Consumption home-bias 0.97
o Long-run shock volatility 1.87% 7  Co-integration parameter 0.05%
o, Short-run shock volatility 14%0 0  Subjective discount factor 0.98
p  Long-run component persistence 0.985 v  Relative risk aversion 8

p12 Long-run shocks correlation 0.90 1 Intertemporal elasticity of substitution 1.5

Py Short-run shocks correlation 0.05 pzy Short-run shocks correlation (no LRR) 0.35

4.2 International propagation of shocks under different degrees

of co-movement between cross-country shocks

Standard international business cycle models with complete markets tend to have
problems in matching international data as well as to reproduce a strong propagation
mechanism. On the one side, the risk sharing mechanism embodied in these models
produces a close to unity cross-country consumption growth correlation. As observed
by Backus et al. (1992), in an open economy framework, consumption is more highly
correlated across countries and output is less highly correlated across countries than we
see in the data. On the other side, existing models are not able to match the increasing
positive international co-movements of the main macroeconomic variables generated by
an increasing financial and economic integration. This problem is often resolved by
assuming cross-country correlation of the shocks.!® More recent works point out that the
transmission channels in existing models are heavily driven by the trade and financial

linkages and by the type shocks. While in models with technology shocks output tends

OFor example, Backus et al. (1992) assume a cross-country technology shocks correlation of 0.28.
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to be lowly or negatively correlated across countries even with perfectly integrated goods
and financial markets, recent models including credit or financial shocks seem to produce
a one-to-one transmission of shocks. For example, Dedola and Lombardo (2012) show
that, in presence of financial frictions and under financial integration, financial shocks
might reproduce a strong propagation mechanism even if there is no correlation between
home and foreign shocks.

This section shows that the novel risk-sharing mechanism embodied in the model
allows for a strong propagation mechanism independently of the level of co-movement
between short- and long-run news. To assess the implications of different degrees of
co-movement between short- and long-run shocks for the transmission channel and in-
ternational data, I analyze the impulse response functions depicted in Figures (4)-(13),
where [ first consider the case of a positive short-run shock to the supply of good X, and
then I turn my attention to a positive long-run shock. Figures (4)-(8) report the impulse
response functions generated by a model with no long-run risk and different degrees of
co-movement between short-run shocks. Figures (9)-(13) report the impulse response
functions generated by a model with long-run risk and different degrees of co-movement
between long-run shocks (and fixed cross-country short-run shocks correlation). The re-
sults of the short-run world suggest that shocks are internationally transmitted as well
as synchronized even with negative correlated (or uncorrelated) cross-country shocks. A
positive short-run shocks (i.e. an increase in the supply of good X) induces the home
country to export part of the extra amount of good X. It turns out that consumption
increases in both countries. Nevertheless, the presence of home bias forces the foreign
country to take only a fraction of the good supplied by the home country. Therefore,
consumption will increase relatively more in the home country (see the left columns of
Figures (4)-(8)). Because of the excess supply of good X, the home currency depreciates.
Therefore, as pointed out in Croce and Colacito (2013), there is a positive correlation
between consumption growth differentials and exchange rate (i.e. short-run shocks do not
solve the Backus-Smith puzzle). Impulse response functions generated by a model with

long-run risk confirm that different cross-country long-run shock correlations do not alter
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the strength of the propagation mechanism. In addition, the effects of a long-run shock
are still synchronized across countries but display opposite signs. In a scenario where a
positive long-run shock materializes, consumption growth and asset prices (i.e. returns)
decrease in the home country, and increase in the foreign country (see the right columns
of Figures (9)-(13)). Because of the long-lasting nature of the long-run shock, agents
face a rise in continuation utility, that is, a decline in future marginal utility. Therefore,
it is optimal to reduce the share of consumption allocated to the home country where
the marginal utility is low. It turns out that resources flow from the home country to
the foreign country producing a long-lasting decrease in home consumption (see Figure
(13)). This mechanism is embodied in S;. Since consumption and asset prices increase in
the foreign country, there is a negative consumption growth differential. Because of the
expectation of a persistently larger future supply of the home good, the home currency
depreciates. As in Colacito and Croce (2013), I show that a positive long-run shock
produces negative co-movements between consumption growth differentials and exchange
rate (i.e. Backus-Smith anomaly). I stress that the result holds for different degrees of
co-movement between long-run shocks.

On the one side, a short-run shock world seems to produce results in line with the
recent literature aimed at examining the international propagation mechanism and, in
particular, the international recessions, as well as the effects of the global integration
process on international asset prices. I show that shock are internationally transmitted
and symmetrically synchronized even if there are uncorrelated cross-country shocks and
frictionless financial markets. Moreover, I observe that a positive short-run shock to the
home good produces an increase in the stock market index of both countries. It turns
out that a trade shock tend to affect international stock market prices, that is, expected
returns decrease as global trade increases (de Jong and de Roon, 2005; Donadelli, 2013).
On the other side, the results of a model with long-run shocks and different degrees of
co-movement between long-run components are able to match asset pricing data. In
particular, the model with highly correlated long-run innovations produces a relatively

low risk-free rate and a relative high equity risk premium.
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4.3 The benefits of a model with long-run risk

Table 3 reports the simulated moments (under complete markets) for different degrees
of co-movements between home and foreign short- and long-run shocks. In other words,
it shows the main moments of the variables of interest generated by the models employed
to produce the impulse response functions presented in Figures (4)-(13). The home bias
parameter, «, the CRRA, 7, and the IES, 1, are as in Table 1, and equal across all
model’s specification. Panel A reports the simulated moments produced by a model with
no long-run risk for a cross-country short-run shocks correlation that ranges from 0.35 to
-0.35. Specification (1) in Panel A represents the baseline calibration in absence of long-
run risk. As pointed out by Colacito and Croce (2013), a model with no long-run risk tend
to generate inconsistent moments. Specifically, regardless of the level of co-movements
between home and foreign short-run shocks, it produces a relatively high consumption
growth rates correlation and relatively low real exchange rate volatility, and it does not
solve the risk-free rate and equity premium puzzles. Nevertheless, the recursive structure
of agents’ preferences seem to force the risk-free rate to maintain relative low values.
Panel B reports the simulated moments produced by a model with long-run risk. The
main moments are reported for different levels of co-movement between home and foreign
long-run shocks (specifications (6)-(10) in Table 2). While the cross-country short-run
shocks correlation is set to be as in the baseline calibration, the cross-country long-run
shocks correlation ranges from 0.9 to -0.9. In line with Colacito and Croce (2013), a model
with recursive preferences, highly correlated long-run growth prospects and consumption
home bias produce relatively low cross-country consumption growth rates correlation
(consistent with empirical findings reported in previous works but inconsistent with more
recent empirical evidence), and highly correlated stochastic discount factors (consistent
with international asset pricing data). The result is mainly driven by the fact that
continuation utilities are highly correlated (i.e. Corr(Ug i1, Uriy1) = 1), that is, under
complete markets marginal utilities are equal across countries. In contrast, if cross-
country long-run shocks are lowly (positive/negative) or uncorrelated the model does

not match international consumption data, and produce a highly negative correlation
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between the home and foreign consumption growth rates. It turns out that the inclusion
of correlated long-run growth prospects seem to be crucial to produce a relatively low
risk-free rate and a relatively high equity risk premium as well as the Backus-Smith

correlation.

4.4 Evidence from a model with estimated cross-country shocks

correlation

Differently from Colacito and Croce (2013), and Bansal et al. (2010), who run a
set of predictive regressions to capture short- and long-run shocks, I identify short- and
long-run innovations by means of state space models. The US and UK total real private
consumption proxies for the total endowment in the home and foreign country, respec-
tively. To be consistent with my endowment economy, I exclude government expenditure.
In practice, I identify short- and long-run shocks to US and UK endowments by jointly
estimating the system of equations (5a) and (5b) and the system of equations (6a) and

1 My empirical

(6b), where 21, and 2y, are assumed to be unobserved state variables.
results confirm the presence of a weak co-integration relationship between the U.S. and
U.K. consumption series, thus, they justify 7 = 0.0005.!2 Estimating the set of equa-
tions over three different time-horizons (1980-2012, 1985-2012 and 1990-2012), I obtain
an average cross-country short- and long-run innovation correlation equal to 0.75 and
0.68, respectively. I re-simulate the model employing these estimates. Key moments are
reported in Table 4. My main results are as follows. First, I observe that the degree of
co-movement between cross-country innovations does not affect the international propa-
gation mechanism and produces small changes in simulated asset pricing data.!® Second,
I show that the presence of a lower degree of co-movements between long-run innovations

in the model with long-run risk produces a lower cross-country consumption growth cor-

relation and a higher real exchange rate volatility. Third the presence of a higher degree

1A similar approach can be found in Suzuki (2013).

12Estimation results are available upon request.

I3For space reasons the impulse response functions generated by the re-calibrated model are not re-
ported. Figures are available upon request and similar to Figures (4)-(13).
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of co-movements between short-run innovations in the model with no long-run risk pro-
duces a higher cross-country consumption growth correlation and a lower real exchange

rate volatility.

4.5 International propagation of shocks under different degrees

of economic integration

Following the international effects of the subprime crisis, where the United States,
industrialized European economies and other non-industrialized countries experienced
extraordinarily large and synchronized contractions in both real and financial aggregates
during the last quarter of 2008 and the first quarter of 2009 (see Figure 3), the number
of studies examining the nature of the international transmission channels and the ef-
fects of international shocks has largely increased. Being largely accepted that standard
international business cycle models face problems in reproducing a strong propagation
mechanism even if there is market completeness, the literature has started to focus on
models with different transmission channels and types of shocks. In presence of perfectly
integrated goods and financial markets and credit rather than technology shocks, recent
works show that a strong propagation mechanism might take place.'* Nevertheless, inter-
national goods and financial markets still present some degrees of segmentation. It turns
out that existing models, in presence of weaker trade and financial linkages, might pro-
duce a partial transmission. Under the assumption that goods markets are not perfectly
integrated, Bacchetta and van Wincoop (2013) show that a drop in output, consumption
and investment can be of similar magnitude even if there is a minimum level of economic
integration. They prove this by developing a two country-two period model where a syn-
chronized contraction in real and financial aggregates results from a self-fulfilling panic
and not from an exogenous shock to fundamentals.

In the spirit of Bacchetta and van Wincoop (2013), I study the effects of different
degrees of economic integration on the international co-movements in consumption and

share price indexes. To capture international recessions, I mainly focus on negative short-

1See Devereux and Sutherland (2011), and Perri and Quadrini (2013), among others.
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run shocks. In contrast to the most recent literature, I show that an exogenous short-run
shock to the supply of domestic good, X, produces a synchronized decline in asset prices
and consumption even if there are highly segmented markets and endowment rather than
credit or financial shocks. Figures (15)-(18) report impulse responses to a negative short-
(left-columns) and long-run (right-columns) shock to the supply of good X. The model
developed in this paper shows that a synchronized decline in asset prices and economic
activity takes place even in presence of partial integration and in absence of credit or
financial shocks (see Figures (15)-(18)). In particular, a negative short-run news to the
supply of the home good - with a consumption home bias parameter of 0.9 and 0.75 -
produces a drop in consumption and asset prices of similar magnitude in the two coun-
tries (see left columns of Figures (16)-(17)). As in Bacchetta and van Wincoop (2013),
my results support the idea that, in order to have a global panic, the level of economic
integration does not need to be high. While a model with short-run shock seems to per-
fectly replicate the 2008-2009 synchronized international economic and financial collapse,
a model with long-run shock, because of the expected rise in continuation utility (i.e. de-
cline in future marginal utility) which implies a decline in the share of world consumption
and a subsequent rise in foreign consumption, generates movements in home and foreign
asset prices and consumption with different signs. Nevertheless, if full economic integra-
tion (i.e. a = 0.5) takes place, the drop in consumption and asset prices produced by
short-and long-run innovations is equal (and synchronized) across countries (Figure 18).
In this case, the economy collapses to a one good economy where the long-run benefits of
financial integration disappear, that is, under perfect economic integration risks cannot
be diversified and the international trade activity of financial assets is worthless. In other
words, perfect economic integration implies market completeness even if there is no asset
trade.

Table 5 reports the simulated moments (under complete markets) for different de-
grees of economic integration and three different combinations of v and . To get asset
and international data implications, main moments are reported for the model with and

without long-run risk. Results suggests that a different degree of economic integration
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does not affect the equity premium and risk-free rate. It turns out that a model with
long-run risk resolves the two puzzles, regardless of the level of economic integration.
In addition, in line with Bansal and Yaron (2004) a higher 1) produces a higher equity
risk premium (see Panel C). In contrast, a different degree of economic integration seems
to affect the cross-country consumption correlation and the real exchange rate volatil-
ity. First, the correlation of consumption growth rates across countries increases with
economic integration (i.e. « = 0.75) and it becomes equal to one in presence of full
economic integration (see also Bodenstein, 2008). Second, the model shows that the real
exchange rate volatility decreases as a decreases and it jumps to zero for a = 0.5. In
contrast to financial autarky, full financial integration allows agents to freely trade in-
ternational securities, thus, there is high pressure on currency. It turns out that under
complete financial markets the real exchange rate volatility is higher than under financial
autarky. But the closer is o to 0.5 the more the model reflects a one good economy where
financial markets are internationally complete even with no trade, that is, no pressure
on currency (i.e. o(ex) = 0). These results are similar across models (with and without
long-run risk), and clear in Figure 1 which plots simulated moments (i.e. consumption
correlation, RER volatility, risk-free rate, equity risk premium) against different levels of
economic integration. I stress that the inclusion of the long-run risk components allows
for the resolution of the equity premium and the risk-free rate puzzles and, in presence
of highly-correlated long-run prospects (i.e. p12 = 0.9) and low economic integration
(i.e. @ =0.97,0.90), helps to produce a relatively low cross-country consumption growth
correlation and a relatively high real exchange rate volatility (consistent with previous

empirical findings).!®

4.6 Matching a tsunamsi: The benefits of the trade channel

Figure 3 shows that the steep decline in consumption, industrial production, trade and
stock indexes during the last quarter of 2008 and the first quarter of 2009 in the United

States and in the rest of the rest of the world was of similar magnitude. While many

15See Dedola et al. (2008), and Colacito and Croce (2013), among others.
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Figure 1: Simulated moments (complete markets): Consumption correlation, RER. volatil-
ity, risk-free rate, equity risk premium vs economic integration. Notes: This figure plots the
cross-country consumption growth rates correlation, Corr(dey,dcy), and real exchange rate volatility,
o(ex), risk-free rate, E(Ry), and equity risk premium, E(R; — Ry), (on the vertical axes) against the
consumption home bias parameter (on the horizontal axes) for different values of v and . The left
column reports moments simulated via a model with no long-run risk (“no LRR”). The right column
reports moments simulated via a model with long-run risk (“with LRR”). All sub-figures are based on
simulated moments reported in Table 5. Key moments are obtained from 5,000 simulated periods (100
simulations, 50 periods).
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studies refer to this event as a domino effect (e.g. Blanchard, 2009; Cheung and Guichard,
2009; Bacchetta and van Wincoop, 2013), that is, the result of a combination of different
phenomena, I would prefer to refer to it as a tsunami (i.e. a unique, extraordinary large
and synchronized contraction in both real and financial measures). It is also widely agreed
that the simultaneous downturn seen in all regions during the last quarter of 2008 and
the first quarter of 2009 is unprecedented in post-war history.

Open economy models usually produce limited co-movement between business cycles.
Such results might be caused by a partial transmission (through trade and financial
linkages) of exogenous country specific shocks. Recent works examining the international
propagation of shocks in a financially integrated world point out that standard business
cycle models tend to have problems in reproducing a strong propagation mechanism
(e.g. Devereux and Yetman, 2010; Heathcote and Perri, 2002; Dedola and Lombardo,
2012). In other words, standard models with exogenous shocks and limited integration
might generate only partial transmission. On the one side, such problems can be solve
by assuming cross-country correlated shocks. Nevertheless, the inclusion of cross-country
correlated shocks tend to generate extremely high cross-country consumption correlations.
On the other side, recent models show that the inclusion of different types of shocks
(e.g. credit or financial shocks) can generate stronger international business cycle co-
movements even if there are uncorrelated shocks and partially integrated markets.

The risk-sharing mechanism of this model offers a unified framework to address the
international transmission of shocks in presence of segmented markets, different degree of
co-movement between cross-country exogenous endowment shocks and frictionless finan-
cial markets. Model’s results provide clear evidence about the importance of the trade
channel. In contrast to Devereux and Yetman (2010) who argue that it is unlikely that
trade linkages alone could account for the synchronized drop in economic growth rates
seen in all regions during the 2008-2009 crisis, I show that trade channel, which repre-
sents the unique transmission channel of the model, is capable to reproduce the observed
tsunami. My result lies in a conventional wisdom where the order of magnitude of trans-

mission of shocks between two countries increases as bilateral trade increases (Frankel and
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Rose, 1998; Kose and Yi, 2006). In particular, as a result of a negative short-run news
to the supply of the home good, the home and foreign countries experience a large and
endogenously synchronized drop in asset prices and consumption. If economic integration
increases, then the difference between a drop in domestic and foreign consumption and
asset prices decreases (Figures (15)-(18)). In other words, a bad news to the supply of
the home good generates international co-movement in asset prices and consumption,

consistently with the property of the 2008-2009 global demand collapse.

5 Concluding remarks

This paper develops a two-country model with Epstein and Zin (1989) recursive pref-
erences, long-run risk a 14 Bansal and Yaron (2004), cross-country correlated short- and
long-run shocks a la Colacito and Croce (2007, 2013), and frictionless markets to study
the diffusion of shocks across countries in presence of different degrees of cross-country
shocks co-movement and economic integration, an aspect neglected in Colacito and Croce
(2013) who focus only on the resolution of the forward premium puzzle (Fama, 1984) and
Backus and Smith (1993) anomaly. This model is different from existing models in that
it does not include frictions and credit or financial shocks, embodies segmentation in
international goods markets and provides asset pricing implications. The contribution of
this paper is to take very seriously the role of cross-country shocks correlation and eco-
nomic integration in the international diffusion of shocks. First, I show that the model
produces strong international co-movements in response to country-specific endowment
shocks even if there are uncorrelated cross-country short- and long-run shocks. Second,
the novel risk-sharing mechanism of the model allows for a strong international propa-
gation mechanism even if there are highly segmented goods markets. Moreover, I find
that as the level of economic integration increases the difference between a drop in home
and foreign consumption and asset prices - generated by a negative short-run shock to
the supply of X - decreases (i.e. cross-country co-movements in real and financial vari-

ables increase as bilateral trade increases). These findings are new in the international
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real business cycle literature and suggest that the model with short-run shocks is able to
generates international co-movement in real and financial variables (consistently with the
property of the subprime crisis) even if there are no cross-country balance sheet linkages
and borrowing constraints.

I conclude by arguing that there is a trade-off between the use of a model with short-
run news only and a model with long-run news. On the one side, the impulse response
functions generated by a short-run bad news to the supply of the home good seem to be
able to capture international co-movements in real and financial flows during recession
periods. On the other side, simulated moments produced by a model with long-run
news seem to be consistent with asset pricing data. In addition, in presence of highly
correlated long-run growth prospects and segmented goods markets, the model produces a
relatively low cross-country consumption correlation and a relatively high real exchange
rate volatility (consistent with existing empirical findings but inconsistent with more
recent empirical evidence). However, key moments studied in this paper are sensitive to
relatively large changes in the degree of cross-country shocks co-movement and economic

integration.

27



References

[1] Ahearne A, Griever W, Warnock, F., 2004. Information costs and home bias: An
analysis of US holdings of foreign equities. Journal of International Economics, 62,
313-336.

[2] Bacchetta, P. and van Wincoop, E., 2013. The great recession: A self-fulfilling global
panic. Working Paper University of Virginia.

[3] Backus, D. K., Kehoe, P. J. and Kydland, F. E., 1992. International Real Business
cycles. Journal of Political Economy, 100, 745-775.

[4] Backus, D. K., Kehoe, P. J. and Kydland, F. E., 1994. Dynamics of the trade balance
and terms of trade: the J-curve?. American Economic Review, 84, 84-103.

[5] Backus, D. K., Kehoe, P. J. and Kydland, F. E.; 1995. International business cycles:
theory and evidence. In: Cooley, T. (Ed.), Frontiers of Business Cycles Research.
Princeton University Press, 331-356.

[6] Backus, D. K. and Smith, G., 1993. Consumption and real exchange rates in dynamic
exchange economies with non-traded goods. Journal of International Economics, 35,
297-316.

[7] Baxter, M., Crucini, M.J., 1995. Business cycles and the asset structure of foreign
trade. International economic review, 36(4), 821-854.

[8] Baxter, M., and Kouparitsas, M., 2004. Determinants of Business Cycle Comovement:
A Robust Analysis. NBER Working Paper No. 10725.

[9] Bansal, R. and Yaron, A., 2004. Risks for the long-run: A potential resolution of asset
pricing puzzles. Journal of Finance, 59, 1481-15009.

[10] Bansal, R., Daka, K. and Yaron, A., 2010. Risks for the long-run: Estimation and
inference. Working paper.

[11] Bekaert G., Harvey C. R, Lundblad C., Siegel, S., 2011. What segments equity
markets?. Review of Financial Studies, 24(12), 3841-3890.

[12] Benigno, G. and Kucuk, H., 2012. Portfolio allocation and international risk sharing.
Canadian Journal of Economics, 45(2), 535-565.

[13] Benigno, G. and Thoenissen, C., 2008. Consumption and real exchange rate with
incomplete markets. Journal of International Money and Finance, 27, 926-948.

[14] Blanchard, O., 2009. The Crisis: Basic Mechanisms, and Appropriate Policies. IMF
Working Paper n. 80/20009.

[15] Calderon, C. A., Chong, A. and Stein, E. H., 2002. Trade Intensity and Business
Cycle Synchronization: Are Developing Countries any Different?. Manuscript: Wash-
ington, DC: Inter-American Development Bank.

[16] Chari, V. V., Kehoe, P. J. and McGrattan, E., 2002. Can Sticky Prices Generate
Volatile and Persistent Real Exchange Rates?. Review of Economic Studies, 69, 633-
663.

28



[17] Cheung, C. and Guichard, S., 2009. Understanding the world trade collapse. OECD
Working Paper n. 729/2009.

[18] Clark, T. E., and van Wincoop, E., 2001. Borders and Business Cycles. Journal of
International Economics, Vol. 55, pp. 59-85.

[19] Colacito, R. and Croce, M., 2010. The short- and long-run benefits of financial
integration. The American Economic Review, 100, 527-531.

[20] Colacito, R. and Croce, M., 2013. International asset pricing with recursive prefer-
ences. Journal of Finance, forthcoming.

[21] Cole, H. and Obstfeld, M., 1991. Commodity trade and international risk sharing.
How much do financial markets matter? Journal of Monetary Economics, 28, 3 24.

[22] Corsetti, G., Dedola, L. and Leduc, S., 2008. International risk sharing and the
transmission of productivity shocks. Review of Economic Studies, 75, 443-473.

[23] Corsetti, G., Dedola, L. and Viani, F., 2012. The international risk sharing puzzle is
at business cycle and lower frequency. Canadian Journal of Economics, 45(2), 448-471.

[24] Crucini, M., 1999. International and national dimensions of risk sharing. Review of
Economics and Statistics 81, 73-84

[25] de Jong, F., and F.A. de Roon, 2005. Time varying market integration and expected
returns in emerging markets. Journal of Financial Economics, 78, 583-613.

[26] Devereux, M. B. and Yetman, J., 2010. Leverage constraints and international trans-
mission of shocks. Journal of Money, Credit and Banking, 42(6), 71-105.

[27] Devereux, M. B. and Sutherland, A., 2011. Evaluating International Integration
under Leverage Constraints. European Economic Review 55(3), 427-442.

[28] Donadelli, M., 2013. Global integration and emerging stock market excess returns.
Macroeconomics and Finance in Emerging Market Economies, 6(2), 1-36.

[29] Fama, E., 1984. Forward and spot exchange rates. Journal of Monetary Economics,
14, 319-338.

[30] Epstein, L. G. and Zin, S. E., 1989. Substitution, risk aversion, and the temporal
behavior of consumption and asset returns: A theoretical framework. Econometrica,
57 (4), 93769.

[31] Frankel, J. A., and Rose, A. K. 1998. The Endogeneity of the Optimum Currency
Area Criteria. Economic Journal, 108, 1009-1025.

[32] Heathcote, J. and Perri, F., 2002. Financial autarky and international business cy-
cles. Journal of Monetary Economics, 49, 601-627.

[33] Imbs, J., 2004. Trade, finance, specialization, and synchronization. Review of Eco-
nomics and Statistics, 86, 723-734.

[34] Imbs, J., 2006. The real effects of financial integration. Journal of International
Economics, 68, 296-324.

29



[35] Kollman, R., 1996. Incomplete asset markets and the cross-country consumption
correlation puzzle. Journal of Economic Dynamics and Control 20, 945-961.

[36] Kollman, R., 2001. Explaining international comovements of output and asset re-

turns: The role of money and nominal rigidities. Journal of Economic Dynamics and
Control 25, 1547-1583.

[37] Kollman, R., 2012. Limited asset market participation and the consumption-real
exchange rate anomaly. Canadian Journal of Economics, 45(2), 566-584.

[38] Kollmann, R., Enders, Z. and Muller, M. 2011. Global Banking and International
Business Cycles. European Economic Review 55, 407-426.

[39] Kose, M. A. and Yi, K., 2006. Can the standard international business cycle model
explain the relation between trade and co-movement? Journal of International Eco-
nomics, 68, 267-295.

[40] Lothian, J .R. and Wu, L., 2011. Uncovered interest-rate parity over the past two
centuries. Journal of International Money and Finance, 30, 448-473.

[41] Liao, W. and Santacreu, A. M., 2012. The Trade Comovement Puzzle and the Mar-
gins of International Trade. INSEAD, Working Paper.

[42] Mehra, R., 2003. The Equity Premium: Why Is It A Puzzle?. Financial Analysts
Journal, 54-69.

[43] Mehra, R. and Prescott, E. C.; 1985. The Equity Premium: A Puzzle. Journal of
Monetary Economics 15(2), 145-161.

[44] Obstfeld, M. and Rogoff, K., 2001). The Six Major Puzzles in International Macroe-
conomics: Is There a Common Cause?, in B. Bernanke and K. Rogoff (eds.) NBER
Macroeconomics Annual 2000 (Cambridge, MA: MIT Press) 339390.

[45] Perri, F. and Quadrini, V. 2012. International Recessions. Working paper.

[46] Pukthuanthong, K. and Roll, R., 2009. Global market integration: An alternative
measure and its application, Journal of Financial Economics, 92(2), 214-232

[47] Santacreu A. M., 2011. Innovation, Diffusion, and Trade: Theory and Measurement.
INSEAD, Working Paper.

[48] Santos Monteiro, P., 2008. Testing full consumption insurance in the frequency do-
main. Warwick University, Working paper.

[49] Suzuki, Y., 2013. Financial integration and consumption risk sharing and smoothing.
International Review of Economics and Finance, forthcoming.

[50] van Wincoop, E., 2013. International Contagion through Leveraged Financial Insti-
tutions. American Economic Journal: Macroeconomics, forthcoming.

[51] Weil, P., 1989. The equity premium puzzle and the riskfree rate puzzle. Journal of
Monetary Economics, 24, 401-422.

30



A Data sources
ASSET MARKET (Source: Fama and French Data Library + FED St. Louis):

- Real annualized return of a risk-free rate asset: The return of 1-month Treasury
bill (1970-2012);

- Real return on S& P 500: Annual average Standard and Poor’s Composite Stock
Price Index - Annual Average Consumer Price Index (1970-2000);

- Equity risk premium: Difference between the risk-free return and the equity return
(1970-2012).

REAL MARKET (Source: OECD + FED):

- U.K. real private consumption growth rate (1970-2012);
- U.S. real private consumption growth rate (1970-2012);

- Real exchange rate: Nominal exchange rate plus the GDP deflator growth rate
differentials (1970-2012);

Table 2: Key statistics: E(Rf) = Real annualized return of a risk-free rate asset; E(Rg —
R¢) = Real return on S& P 500; Corr(dcy,dcp) = cross-country consumption growth rate
correlation; o(ex) = real exchange rate volatility.

Sample: E(Ry) E(Rq— Ry) Corr(dey, der) o(ex)
1970-2012 0.95 1.99 0.70 8.91
1980-2012 1.47 4.10 0.79 8.96
1985-2012 1.10 4.99 0.81 7.60
1990-2012 0.64 4.14 0.87 7.02
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B Stylized facts

o O o o o o o

o o o o

o o o o

.55

.97
.96
.95
.94
.93
.92
.91
0.9
0.
0.

89
88

.998
.996

.992

.99

.986
.984
.982

IntIndex

1990 1995 2000 2005 2010

EmergMkt

1998 2001 2004 2007 2010
AdvMkt
L L L L
1998 2001 2004 2007 2010

[b]

Figure 2: Economic and financial integration. Notes: The economic integration process
(panel [a]) is represented by the world trade-to-GDP ratio. The financial integration across
developed and emerging markets (panel [b]) is given by the dynamics of the Ry of a multi-
(artificial) factor regression. Source: Based on Donadelli (2013).
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Figure 3: The 2008-2009 recession: Real and financial aggregates. World trade in
goods and services is measured in billions of U.S. dollars. Non-OECD values are obtained as
averages of non-OECD members observations. Non-OECD includes Brazil, India, Indonesia,
Russia and South Africa. All series are seasonally adjusted. Data are quarterly and run from
2007 (1Q) to 2012 (4Q). Source: OECD
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C Quantitative results

Table 3: Results with complete markets and different degree of co-movement between home
and foreign short- and long- run shocks. Notes: For all specifications, I impose v = 8, ¢ = 1.5
and o = 0.97 (as in the baseline calibration). Panel A reports the main moments for five specifications
featuring different short-run shocks correlation. For specifications (1)-(5), I impose ¢ = 0. Panel B
reports the main moments for five specifications featuring different long-run shocks correlation. For
specifications (6)-(10), I impose pe, ., = 0.05 (as in the baseline calibration). Data sample: 1980-2012.
All entries for the model are obtained from 5,000 simulated periods (100 simulations, 50 periods).
Panel A: no LRR

(1) (2) 3) (4) (©) Data
Corr(eg, €,) Pege, = 0.35 Pege, = 0.1 Pegey, =0 Pege, = 0.1 Peg,e, == 0.35
E(RT) 2.93 2.04 2.95 2.96 2.08 1.47
E(RY - RY) 0.18 0.15 0.15 0.14 0.13 4.10
Corr(deg, der) 0.77 0.65 0.58 0.51 0.31 0.79
olex) 8.29 9.86 10.50 11.99 12.41 8.96
Panel B: with LRR

(6) (7) ®) ) (10)
Corr(e, €3) Per,ea=0.9 Per,en=0.1 Per.es=0 Per.es=-0.1 Per.es=-0.9
E(RT) 1.75 2.40 2.36 2.40 2.07 1.47
E(RY — RI) 2.44 1.45 1.41 1.34 0.53 4.10
Corr(dey, dcr) 0.53 -0.80 -0.83 -0.84 -0.92 0.79
olex) 16.34 100.81 113.58 124.71 263.36 8.96

Table 4: Results with complete markets and estimated cross-country short- and long- run
shocks. Notes: For both models, T impose v = 8, ¢ = 1.5 and o = 0.97 (as in the baseline calibration).
Short and long-run shocks are estimated as described in the text. Average cross-country short- and
long-run shocks correlations are 0.75 and 0.68, respectively. Data sample: 1980-2012. All entries for the
model are obtained from 5,000 simulated periods (100 simulations, 50 periods).

Model with LRR no LRR Data
E(R{) 1.84 2.90 1.47
E(R] — R}) 2.29 0.23 4.10
Corr(dcy,dcg) -0.07 0.92 0.79
o(ex) 28.20 5.09 8.96
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Table 5: Key Moments: Results with complete markets and different degrees of economic
integration Notes: Panel A reports simulated moments for different degrees of economic integration
under the baseline calibration. Panels B, C and D report simulated moments for different degrees of
economic integration and combinations of v and 1. The equity excess return, £ (Rf — Rff ), is computed
from the aggregate dividend index. Note that in Colacito and Croce (2013) the equity excess return is
computed as follows: rg% = A\r¢% + €+, where A = 3, r¢7 is the excess return on the consumption claim,
and €;; is a dividend—sﬁeciﬁc shocks. Data sample: 1980-2012. All entries for the model are obtained
from 5,000 simulated periods (100 simulations, 50 periods).

Model with LRR no LRR

Home Bias a=097 a=09 a=07 a=05|a=097 a=09 a=07 «o=0.5| Data
Panel A (1a) (2a) (3a) (4a) (5a) (6a) (7a) (8a)

y=8 =15

E(R}{) 1.75 1.77 1.78 1.79 2.93 2.94 2.95 2.95 1.47
E(R — RY) 2.44 2.42 2.41 241 0.18 0.16 0.16 0.16 | 4.10
Corr(dey, dcr) 0.53 0.41 0.69 1.00 0.77 0.94 0.99 1.00 0.79
o(ex) 16.34 6.56 1.75 0.00 8.29 3.69 1.31 0.00 8.96
Panel B (1b) (2b) (3b) (4b) (5b) (6b) (7b) (8b)
v=10,9% =1.5

E(R;I) 1.41 1.43 1.43 1.45 2.88 2.90 291 291

E(RY — RY) 3.14 3.11 3.11 3.10 0.23 0.21 0.21 0.21
Corr(dey, deg) 0.46 0.37 0.77 1.00 0.82 0.96 0.99 1.00

o(ex) 20.89 .27 1.78 0.00 9.44 3.89 1.32 0.00

Panel C (1c) (2¢) (3¢) (4c) (5¢) (6¢) (7c) (8¢)
y=8,9 =2

E(R?) 0.27 0.30 0.30 0.31 2.61 2.62 2.63 2.63

E(RY — R?) 4.79 4.74 4.73 4.72 0.18 0.16 0.16 0.16
Corr(dey, dey) 0.60 0.33 0.72 1.00 0.76 0.93 0.98 1.00

o(ex) 20.00 8.02 1.95 0.00 8.18 3.64 1.29 0.00

Panel D (1d) (2d) (3d) (4d) (5d) (6d) (7d) (8d)

N =10, =2

E(R{ZI} -0.37 -0.34 -0.34 -0.33 2.57 2.59 2.59 2.59

E(RI — R}q) 6.13 6.07 6.06 6.06 0.23 0.21 0.21 0.06
Corr(dey, der) 0.36 0.15 0.74 1.00 0.82 0.96 0.99 1.00

ol(ex) 27.99 9.45 2.06 0.00 9.43 3.86 1.30 0.00
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Evidence from a model with no long-run risk
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Figure 4: Impulse response functions with no long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (1) in table 3 (i.e. Corr(ez,e€,) = 0.35). A positive o,
shock in the short-run, and a positive o shock in the long-run materialize only in the home country, and
only at time 1.
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Figure 5: Impulse response functions with no long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (2) in table 3 (i.e. Corr(egz,€,) = 0.1). A positive o,
shock in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and
only at time 1.
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Figure 6: Impulse response functions with no long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (3) in table 3 (i.e. Corr(es,ey) =0). A positive o, shock
in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and only
at time 1.
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Figure 7: Impulse response functions with no long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (4) in table 3 (i.e. Corr(eg,e,) = —0.1). A positive o,
shock in the short-run, and a positive o shock in the long-run materialize only in the home country, and
only at time 1
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Figure 8: Impulse response functions with no long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (5) in table 3 (i.e. Corr(eg,e,) = —0.35). A positive o,
shock in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and
only at time 1
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Evidence from a model with long-run risk
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Figure 9: Impulse response functions with long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (6) in table 3 (i.e. Corr(e;,ea) = 0.9). A positive o,
shock in the short-run, and a positive o shock in the long-run materialize only in the home country, and
only at time 1
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Figure 10: Impulse response functions with long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (7) in table 3 (i.e. Corr(e;,ez) = 0.1). A positive o,
shock in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and
only at time 1
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Figure 11: Impulse response functions with long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (8) in table 3 (i.e. Corr(er,e2) =0). A positive o, shock
in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and only

———HOME 1=+
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Figure 12: Impulse response functions with long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (9) in table 3 (i.e. Corr(e,es) = —0.1). A positive o,
shock in the short-run, and a positive o shock in the long-run materialize only in the home country, and

only at time 1
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Figure 13: Impulse response functions with long-run risk. This figure presents the impulse
response functions of consumption growth (dc), stochastic discount factor (SDF) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1 for specification (10) in table 3 (i.e. Corr(ei,e2) = —0.9). A positive o,
shock in the short-run, and a positive ¢ shock in the long-run materialize only in the home country, and
only at time 1
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Evidence from a

0.01

model with different degrees of consumption home-bias
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Figure 15: Impulse response functions with long-run risk and partial economic integration.
This figure presents the impulse response functions of consumption growth (dc) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1. The consumption home bias parameter, «, is 0.97 and denotes partial
economic integration. Impulse response functions are based on specification (1a) in table 5. A negative
o shock in the short-run, and a negative o shock in the long-run materialize only in the home country,
and only at time 1.

Short-Run Shock

Long-Run Shock

~0.01 -
-0.005 B
—0.02F

-0.01

-0.03

0 4 6 8 10 0 2 4 6 8 10
0.01 0.01 . . . .
0.005} —
0.005}
0 e e e e e e 4
3 0 E :
[ ~0.005}"
~0.005F \- ~0.01F -
—0.015F
-0.011
-0.02
0 2 4 6 8 10 0 2 4 6 8 10

Figure 16: Impulse response functions with long-run risk and partial economic integration.
This figure presents the impulse response functions of consumption growth (dc) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1. The consumption home bias parameter, «, is 0.90 and denotes partial
economic integration. Impulse response functions are based on specification (2a) in table 5. A negative
o, shock in the short-run, and a negative o shock in the long-run materialize only in the home country,
and only at time 1.
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Figure 17: Impulse response functions with long-run risk and partial economic integration.
This figure presents the impulse response functions of consumption growth (dc) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated to
the values reported in table 1. The consumption home bias parameter, «, is 0.75 and denotes partial
economic integration. Impulse response functions are based on specification (3a) in table 5. A negative
o, shock in the short-run, and a negative o shock in the long-run materialize only in the home country,
and only at time 1.
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Figure 18: Impulse response functions with long-run risk and full economic integration.
This figure presents the impulse response functions of consumption growth (dc) and stock market return
(Rd) for both the home (solid line) and foreign country (dashed line). All parameters are calibrated
to the values reported in table 1. The consumption home bias parameter, «, is 0.5 and denotes full
economic integration. Impulse response functions are based on specification (4a) in table 5. A negative
o, shock in the short-run, and a negative o shock in the long-run materialize only in the home country,
and only at time 1.
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