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Abstract

We produce novel empirical evidence on the relevance of output volatility (vol)
shocks for both currency and international quantity dynamics. Focusing on
G-17 countries, we document that: (1) consumption and output vols are im-
perfectly correlated within countries; (2) across countries, consumption vol is
more correlated than output vol; (3) the pass-through of relative output vol
shocks onto relative consumption vol is significant, especially for small coun-
tries; and (4) consumption differentials vol and exchange rate vol are discon-
nected. We rationalize these findings in a frictionless model with multiple goods

and recursive preferences featuring a novel and rich risk-sharing of vol shocks.
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1 Introduction

The end of the Great Moderation period has highlighted once more the relevance
of uncertainty shocks as key determinants of economic activity. In this paper, we
estimate and explain the international transmission of output volatility shocks to both
currencies and international quantity dynamics. More precisely, focusing on a large
cross-section of major industrialized countries, we identify news to the conditional

volatility of output, consumption and real exchange rates.

From this investigation we document several novel empirical findings. First, con-
sumption and output volatilities are imperfectly correlated within countries. This
implies that the growth rate of consumption in each country can experience changes
in its conditional volatility that go beyond the arrival of endowment volatility shocks.
Second, consumption volatility is more cross-country correlated than output volatil-
ity, suggesting that the output volatility shocks of one country propagate to the

consumption of other countries.

In order to formalize the international propagation of output volatility shocks,
we construct an index of volatility pass-through between two countries. Our index
is equal to zero if a local output volatility shock results exclusively in an increase of
local consumption volatility, without spilling over to the other country. Conversely,
our index takes the value of 1 if a local output volatility shock results in an equal

adjustment of consumption volatility in both countries.

We find that the pass-through of output volatility is sizeable, especially when the
uncertainty shocks originate from the smallest countries in our cross-section. Specif-
ically, when we focus on G7 countries, the pass-through is on the order of 50%,

regardless of the country in which the output volatility shock materializes. When we



also include the next 10 countries according to their share of world GDP (henceforth
G17), we find that the pass-through from bigger countries to smaller countries de-
clines, whereas the pass-through of a volatility shock originating from small countries
to large ones becomes as large as 70%. That is, smaller countries can better share
volatility shocks compared to larger countries, by redistributing a bigger fraction of

their uncertainty shocks to their trading partners.

Our last empirical finding refers to the disconnect between the volatility of con-
sumption differentials and the volatility of exchange rates. We document that the
correlation of these volatilities is about 20% for the set of countries that we consider
in our empirical investigation. This extent of comovement constitutes an anomaly
from the standpoint of a frictionless model with time-additive preferences, since this
setting prescribes an almost perfect correlation. This is a novel observation that goes
beyond the low correlation of the levels of consumption differentials and exchange

rates (Backus and Smith (1993) puzzle).

In the second part of this manuscript, we show that our main findings are an
anomaly in the context of an equilibrium risk-sharing model with time-additive pref-
erences. In contrast, when agents have recursive preferences, news about both future
growth rates and future uncertainty are priced, thus they can jointly affect trade and

volatility dynamics in a manner consistent with the data.

Specifically, we consider an economy with two countries, each populated by one
agent with Epstein and Zin (1991) preferences (henceforth EZ preferences). Each
agent is endowed with the stochastic supply of one country-specific good, whose dy-
namics are characterized by the presence of time-varying volatility shocks. Preferences

feature a bias for the consumption of the domestic good. Trade occurs in friction-



less goods markets and in financial markets featuring a complete set of state- and

date-contingent securities.

Preferences are calibrated so that our agents dislike volatility of their continuation
utilities. Since continuation utilities are a reflection of the entire future streams of
consumption, we say that agents dislike long-run consumption variance. When news
shocks hit the economy, agents have an incentive to trade in order to reduce the
uncertainty of their future utility. Specifically, a country affected by a positive news
shock will receive a lower share of resources, lower volatility of continuation utility

going forward, but will also have higher short-run consumption volatility.

When news pertains to future expected growth rates, the international reallocation
of resources results in an international exchange of both short-run and long-run con-
sumption volatility across countries. That is, variances are characterized by negative
comovements. We call this force the reallocation effect. News to output volatility,
in contrast, produces a positive comovement in consumption volatilities across all
countries: changes in output volatility spread in the cross-section of countries, with
the reallocation channel only partially mitigating the effects of local shocks on local

consumption volatility.

The recursive risk sharing arrangement that we described above is the key driver
of our main results. Since agents dislike time-variation in the volatility of their con-
sumption, they actively trade with each other in order to dampen the associated
change in the volatility of consumption following an output volatility shock. This
reallocation results in a marked degree of volatility pass-through, which brings our

model closer to the data.



We show that this channel is more pronounced when the endogenous distribution
of international wealth is more spread out, i.e., when countries have different shares
of world consumption. Consistent with the data, our model predicts that shocks
to output volatility should come with a larger pass-through when they affect small
countries. In a model with CRRA preferences, however, this result is missing as
volatility shocks are not directly priced and the associated risk-sharing motive is

absent.

Furthermore, the model can account for the small extent of positive comovement
between the volatility of consumption differentials and the volatility of exchange rate’s
fluctuations thanks to two opposite forces. Volatility shocks tend to create positive
correlation between the two volatilities, as they increase the uncertainty of all the
variables in the economy. Long-run shocks, instead, generate a large negative co-

movement.

To better understand the role of long-run shocks, we note that they are responsible
for most of the fluctuations of the wealth distribution. As the wealth distribution
becomes more unequal, our countries depend more on each other in order to share
risks. In equilibrium, they engage in more active trading and their stochastic discount
factors become more correlated. By no arbitrage, the real exchange rate becomes less
volatile. Simultaneously, the reallocation effect makes the cross-country difference
of the consumption growth rates more volatile, as the pass-through of consumption

volatility is not symmetric across countries with different wealth shares.

In a model without shocks to output volatility (e.g. Colacito and Croce (2013)),
the volatility of the exchange rate and that of the international differential of con-
sumption growth rates would be strongly negative because of the dominance of the

reallocation channel. Since output volatility shocks increase the conditional volatility



of all macroeconomic aggregates, positive comovements of volatility arises endoge-
nously, partially offsetting the reallocation channel. Under our benchmark calibra-
tion, our recursive risk-sharing scheme produces a positive but moderate correlation

between consumption differentials and exchange rate volatility, as in the data.

The international long-run risk literature has already documented the ability
of long-lasting consumption news shocks to account for several empirical regular-
ities of international asset prices (see, among others, Colacito (2008), Nakamura,
Sergeyev, and Steinsson (2012), Colacito and Croce (2013), and Bansal and Shalias-
tovich (2013)). We differ from this literature in at least two dimensions. First, we
provide novel evidence on the diffusion of fundamental output volatility shocks to
consumption and currencies. Second, we provide an equilibrium explanation of our
findings through the lens of a frictionless risk sharing scheme in which volatility shocks

are priced.

Our manuscript contributes to a recently growing literature that studies uncer-
tainty shocks in an international setting. = In an early contribution, Ramey and
Ramey (1995) show that countries with higher volatility of GDP have lower growth
in the future. Consistent with their cross-sectional evidence, we find that higher do-
mestic output volatility is associated with a decline in relative consumption in the
future. We develop a general equilibrium model to study the implications of volatility

risk sharing for quantities and prices.

Fogli and Perri (2015) link macroeconomic volatility to external imbalances trends
in a neoclassical international production economy. Novy and Taylor (2014) nest un-
certainty shocks in a model with endogenous production, international trade of inter-
mediate inputs, and inventory concerns. They find that uncertainty shocks explain a

relevant share of the cyclical behavior of trade and abstract away from asset pricing



considerations. In contrast to them, we take output as given and link the diffusion of

consumption uncertainty to currency behavior.

Fernandez-Villaverde, Guerron-Quintana, Rubio-Ramirez, and Uribe (2011) study
interest rate uncertainty shocks in the context of a rich small open economy model
with time-additive preferences. We study the propagation of uncertainty shocks in
a general equilibrium exchange economy in which agents have recursive preferences
and volatility shocks are priced. By doing so, we set the stage for a future class
of macro-finance international business cycle models in which volatility shocks drive

both international quantities and asset prices.

More broadly, our analysis relates to the recent literature which examines the role
of uncertainty both in the data and in economic models (see, among others, Jones,
Manuelli, Siu, and Stacchetti (2005), Justiniano and Primiceri (2008), Bloom (2009),
Basu and Bundick (2012), Jurado, Ng, and Ludvigson (2014), and Gilchrist, Sim, and
Zakrajsek (2014)).

Although our attention is focused on a frictionless risk-sharing setting with sym-
metric countries, we regard the introduction of frictions and heterogeneity in our
model as an important directions for future research in this area (see, for example,
Gabaix and Maggiori (2015), Ready, Roussanov, and Ward (2012), Backus, Gavaz-
zoni, Telmer, and Zin (2010), Maggiori (2011), and Lustig, Roussanov, and Verdelhan
(2011)). These frictions may be important to address the empirical link between un-
certainty and international capital flows documented by Gourio, Siemer, and Verdel-

han (2014).

Our study is also related to the growing body of literature that has investigated

the macroeconomic foundations of international financial markets’ fluctuations (see,



inter alia, Farhi and Gabaix (2008), Hassan (2013), Stathopoulos (2012), Heyerdahl-
Larsen (2015), Verdelhan (2010), and Mueller, Stathopoulos, and Vedolin (2015)).
We differentiate from these papers by explicitly introducing time-varying uncertainty
in macroeconomic fundamentals and studying its effects on the optimal international

risk-sharing arrangement.

Additionally, several papers have documented the relevance of higher order mo-
ments to sharpen our understanding of currency dynamics. Gavazzoni, Sambalaibat,
and Telmer (2013) argue that non-gaussian dynamics of the stochastic discount fac-
tors are needed to reconcile the riskiness of currencies with the level of the interest
rates. Zviadadze (2015) analyzes the relationship between shocks to the stochastic
variance of US consumption to the cross-section of currency risk premia. Relative to
this literature, we document how volatility shocks spread in the cross-section of G-17
countries and propose a model that accounts for how volatility risk is internationally
shared. Furthermore, Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan (2015) and
Chernov, Graveline, and Zviadadze (2015) study the role of crash risk for currency
risk premia. We regard the introduction of rare events as an important generalization

of this framework.

The manuscript is organized as follows. In Section [2| we describe our empirical
strategy and our novel findings concerning the cross-section of volatilities of major
industrialized countries. Section |3 describes our model, whose results are presented
in Section Section [5| concludes the paper. The Appendix contains additional

robustness checks and the model’s extensions.



2 Empirical Evidence

In this section, we describe the econometric framework that we adopt to measure co-
movements in macroeconomic volatility within and across major industrialized coun-
tries. Focusing on the volatility of shocks to the growth rates of macroeconomic
variables, we provide novel empirical evidence on the extent with which shocks to the
relative volatility of GDP are transmitted to the relative vitalities of consumption.
We refer to this concept as the volatility pass-through. Further, we provide evidence

linking volatility comovements to trade dynamics.

2.1 Data Description

Sources and sample. Our empirical analysis is based on the cross-section of 17
major industrialized countries. After ranking these countries by GDP size, we have:
the United States, Canada, France, Germany, Italy, Japan, United Kingdom, Aus-
tralia, Belgium, Denmark, Netherlands, New Zealand, Norway, Portugal, Spain, Swe-
den, and Switzerland, respectively. In what follows, we refer to the group of first
seven countries as G7, whereas the expanded set of countries is denoted as G17.
We collect the national accounts, population, and CPI data from the Organization
for Economic Cooperation and Development (henceforth OECD) database. The ex-
change rates, quoted as US dollar price of the foreign currency, are from the Federal
Reserve Economic Database (henceforth FRED) database. The macroeconomic data

are seasonally adjusted, real, and per capita.

In order to be consistent with the endowment economy that we analyze in sections
and [4, we abstract from both investment and public expenditure and compute

aggregate output as the sum of consumption and net exports. Since our model is



based on a frictionless risk-sharing scheme, we follow a common practice in this
literature and let our quarterly dataset range from 1971:ql to 2013:q4, a period of
substantial financial integration across all major industrialized countries (see, among

others, Quinn (1997), Obstfeld (1998), Taylor (2002), and Quinn and Voth (2008))[]

Cross-sectional similarities and differences. Table [1| shows key moments of
our international data. For ease of exposition, we report cross-sectionally aggregated
moments, as opposed to country-level values. Specifically, we look at moments re-
garding both G7 and G17 countries. For G7 countries, we report the simple average of
our aggregates. For G17 countries, we present both simple and GDP-weighted cross-
sectional averages of our moments. In order to assess the extent of cross-country

heterogeneity, for each moment we also report its 1% and 4" quintile in the G17

group.

We highlight three relevant facts. First, the moments for the G7 group very much
resemble those that are typically encountered for the US. As an example, consumption
growth has a mean of about 2% per year and a volatility of about 1.75%. In the
G17 aggregate, the average growth rate declines, whereas the unconditional volatility
of both output and consumption increases. In both cases, however, changes are
relatively modest. Both quarterly consumption and output growth are almost serially

uncorrelated.

Second, the average change in net-export-to-output ratio is distributed nearly
symmetrically around zero. In the group of G17 countries, this moment ranges from -

30% to +34%. Since smaller countries have more volatile output than bigger countries,

'Due to the data availability and quality issues, the data for Belgium, Norway, and Spain start
in 1981, for New Zealand in 1986, and for Portugal in 1991. Our Bayesian methods can easily be
applied to an unbalanced panel.



Table 1: Data Summary Statistics

GT7 Aver. G17 Aver. G17 Quintile
Simple Simple  Weighted 1% 4
Consumption growth
Mean 1.91 1.63 1.89 1.26 2.02
Std. Dev. 1.75 1.99 1.67 1.34 2.47
AR(1) 0.11 0.07 0.17 -0.16 0.31
Output growth
Mean 1.94 1.71 1.93 1.43 2.00
Std. Dev. 2.21 2.97 2.02 2.01 4.43
AR(1) 0.00 -0.09 0.07 -0.26 0.09
ANet Ezxports over Qutput:
Mean 0.03 0.08 0.04 -0.30 0.34
Std. Dev. 1.60 2.48 1.45 1.79 3.24
AR(1) 0.00 -0.09 0.07 -0.26 0.09
Within-Country Correlations:
Cons. and output growth 0.67 0.51 0.71 0.35 0.72
Cons. and output vol. 0.54 0.47 0.65 0.26 0.80
Across-Country Correlations:
Cons. growth 0.27 0.24 0.25 0.13 0.33
Output growth 0.15 0.14 0.14 0.06 0.20
Cons. vol 0.51 0.47 0.45 0.35 0.66
Output vol. 0.32 0.30 0.30 0.18 0.45

Notes - This Table shows summary statistics for consumption growth, output growth,
change in net-export-to-output ratio, and consumption volatility, and output volatility.
‘G7 Aver.” (‘G17 Aver.’) refers to simple (both simple and GDP-weighted) averages of key
moments for G7 (G17) countries. The last two columns show the first and fourth quintiles
of the moments of interest in the G17 cross-section. Macroeconomic variables are seasonally
adjusted, real, and per capita. Means and volatilities are annualized, in per cent. Quarterly
observations are from the 1971:Q1-2013:Q4 sample.

they tend to have also more volatile net-export-to-output ratios. In our model, we
abstract away from this source of heterogeneity and focus on volatility of net-export-
to-output ratios relative to output volatility. In the data this ratio is about 0.80 for

both G7 and G17 countries.
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Third, both in the G7 and the G17 group, consumption growth rates feature
low international correlationsf] Further, output and consumption growth rates are
imperfectly correlated within countries. Both of these empirical facts are consistent

with the predictions of our recursive risk-sharing model.

In the next sections, we describe in detail our identification of the time-varying
volatility components and address their comovements both within and across coun-

tries.

2.2 Volatility Measurement and Co-movements

We extract the volatility of the series of interest, z;, by estimating the following

specification

2= (1= p) + pz1 + e 2y,
(2.1)

01(2) = o (1 = v) + voy_1(2) + opwy,

where 0,(2) is a latent process equal to the logarithm of the variance of macroeconomic
shock to z;. The innovations 7, and w; are independent gaussian shocks to the level
and the volatility of z;, respectively. The parameters p and v govern the persistence of
z; and o0y(z;), respectively, whereas p and p, represent the average level and volatility

of z; and o4(2;), respectively. The parameter o,, captures the volatility of volatility.

Similar volatility specifications are entertained in Cogley and Sargent (2005) and
Primiceri (2005) in the context of macroeconomic volatility, and Cortet, Sarno, and

Tsiakas (2009) for financial volatility modeling. According to our specification, the

2The quantity anomaly in Backus, Kehoe, and Kydland (1994) does not apply to our dataset as
our measured output excludes both investment and government expenditure.
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variance of z; is guaranteed to take on positive values. Although not reported in this
manuscript, we have repeated our analysis by estimating directly volatility in levels,
with very similar results. For this reason, in the remainder of this manuscript we

shall refer to o, as either log-volatility or volatility interchangeably:.

We estimate the system of equations following the Bayesian methods in Kim,
Shephard, and Chib (1998). In each country, we fit our volatility specification to ag-
gregate consumption and output growth separately. In order to check the robustness
of our results, we also entertain a specification in which the volatility parameters are
restricted to be common across countries and are jointly estimated in our cross-section
of countries. In the interest of space, a complete summary of the estimation details

is provided in the appendix.

Volatilities: aggregate time-pattern. Figure [I| shows our fitted volatilities ag-
gregated across both G7 and G17 countries. For the G17 group, we also plot the
first and the fourth cross-sectional volatility quintiles. Consistent with the findings
of Table [T} consumption volatility is systematically lower than output volatility. Fur-
ther, our estimation procedure captures the well-documented Great Moderation phe-
nomenon, as both our estimated consumption and output volatilities slowly decline
from the 1980s to the mid-2000s. These findings are consistent with those docu-
mented by Lettau, Ludvigson, and Wachter (2006), Stock and Watson (2002), and
McConnell and Quiros (2000) for the United States, and support the plausibility of

the results obtained so far.

Consistent with the unconditional evidence in Table[T, G17 countries have a larger
average volatility level relative to the G7 group. In both country groups, our condi-

tional estimates are subject to substantial and persistent fluctuations over time. More

12
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Figure 1 - Macroeconomic Volatilities. This Figure shows estimates of macroeconomic
volatilities of real consumption and output growth. Volatilities, e?t/2 are estimated at a
country level according to equation ([2.1). The G7 line shows the equally-weighted cross-
sectional average for G7 countries. “G17” reports the equally-weighted average across all
the G17 countries. “Weighted” reports the GDP-weighted average across G17 countries.
Dashed lines show the first and fourth quantiles of the volatilities in the G17 cross-section.
Quarterly observations range from 1971:Q1 to 2013:Q4.

broadly, the time pattern of the estimated aggregate volatilities shares similar char-
acteristics across both G7 and G17 countries. These results suggest that our novel

findings on international volatility comovements are quite general, as they apply to a

large international cross-section.

Volatilities: comovements. Uncertainty shocks appear to be modestly correlated
across countries. This statement applies to both consumption and output. In Table[]]
we formally quantify this statement by reporting volatility correlations within and
across countries. We find that the correlation structure of the volatilities mimics the

one of the levels.

Specifically, the cross-country correlation of endowments’ volatilities is about 0.30,

a number close to the cross-country correlation of the levels of the growth rates.
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The cross-country correlation of consumption volatility is slightly higher than that
of output volatility, once again consistently with that observed for the growth rates
of the levels. Within each country, in contrast, the volatilities of consumption and
output co-move strongly with each other. Their correlation is 0.70, a figure similar

to the one of consumption and output growth rates.

In our next step, we adopt a VAR approach to (i) better characterize the joint
dynamics of both levels and volatilities, and (ii) quantify the pass-through of volatility

shocks.

2.3 Volatility Risk Pass-Through

Relative volatility shocks. In order to evaluate the dynamic impact of shocks

to relative volatility (o,(Ay;) — 0¢(Ayys)) across countries, we jointly estimate the

following N countries VAR(1):

Yii = fivi + OVe, + Styy, i=1,2,..,N (2.2)

where

at(Ayi) - Ut(AyUS)

Ay; — Ayys
Vie = oi(Ac;) — oi(Acys) . (2.3)
ACi — ACUS

| ANX/Y); = A(NX/Y)us |

where Ay; — Ayys, 01(Aci) — oy(Acys), Ac; — Acys, and A(NX/Y); — A(NX/Y )ys

denote the difference between country ¢ and the US of the growth rates of endowments,

14



the volatilities of consumption growth rates, the growth rates of consumption and net-
export-to-output ratios, respectively. We note that N is equal to six for G-7 countries,

and sixteen for G-17 countries.

Since we adopt the U.S. as the baseline home country throughout our analysis,
this specification allows us to focus on relative bilateral adjustments computed with
respect to a common benchmark. To sharpen the system’s identification, we assume
that the fundamental persistence and volatility parameters ® and ¥ are common
across countries, whereas the intercepts fiy,; are allowed to be country specific. Under
these assumptions, we can estimate the VAR parameters by pooling the demeaned

data across countries.

Throughout this study, we take volatility shocks as primitive exogenous innova-
tions. Consistent with this approach, we identify impulse responses through a lower
diagonal Cholesky decomposition in which output volatility shocks are the most ex-
ogenous to the system, i.e., they are ranked first. Using our estimated VAR, we can
then trace the relative response of the macroeconomic variables to an increase in

output volatility in foreign country relative to the US.

In Figure |2, we show the estimated impulse responses for the G7 countries to a
relative volatility shock. In Table[2] we report the contemporaneous responses of all
the variables in the system to this type of shock. These numbers correspond to the
entries in the first column of the matrix ¥ in equation . We perform this analysis
for both the G7 and the remaining G17 countries (hereafter, we refer to this set of
countries as bottom-10 G17). Our empirical evidence highlights several important

cross-sectional aspects of volatility shocks across countries.
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Periods

Figure 2 - Macroeconomic Responses to a Relative Volatility Shock. This Figure
shows the estimates of the relative responses of the volatility and growth rate of output
(Ay), the volatility and growth rate of consumption (Ac), and the change of net-export-to-
output ratio (ANX/Y) to a one-standard deviation increase in the volatility of output in
foreign country relative to the U.S. Dashed (dotted) lines refer to the point estimates (95%
credible interval) of the VAR(1) specified in equation (2.3)). Solid lines show the output
from our model under the benchmark quarterly calibration reported in Table [4]

First, when country ¢ experiences an increase in its output volatility relative to
the U.S., both its relative consumption and output growth rates fall. The estimated
effects are large and almost always statistically significant. For example, in our G7
specification, foreign output growth falls by nearly half a percentage point relative
to the U.S. upon the realization of a one-standard-deviation relative volatility shock.

These findings complement the one-country evidence in Bansal, Kiku, Shaliastovich,

and Yaron (2014) and Bloom (2009) in showing that an increase in domestic volatility
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Table 2: Volatility Risk Pass-Through

Panel A: Contemporaneous adjustments to relative volatility shocks

o(Ay) Ay o(Ac) Ac A(NX/Y) Pass-
through
US/GT Countries:
0.21 -0.46 0.10 -0.20 -0.25 0.52
0.200.22]  [0.090.11]  [0.440.03]  [-0.440.03]  [-0.49-0.02]  [0.48 0.56]

US/Bottom-10 G17 Countries:
0.21 -0.57 0.08 -0.16 -0.39 0.61
[0.21; 0.22] [-0.95; -0.19] [0.07; 0.09] [-0.41; 0.09] [-0.73; -0.06] [0.56; 0.65]
Panel B: Pass-through and size

Origin of Vol. Shock:

U.S. Foreign Country
US/G7T Countries: 0.49 0.57
[0.43; 0.54] [0.51; 0.63]
US/Bottom-10 G17 Countries: 0.51 0.72
[0.45; 0.57] [0.66; 0.7]

Notes - Panel A shows the estimates of the contemporaneous responses (31;) of the VAR(1)
specified in equations (2.2)—(2.3]) with respect to a shock to relative output volatility. Re-
sponse of output growth, consumption growth, and net exports to output are annualized,
in per cent. Volatility pass-through is defined as in equation (2.4). Panel B reports pass-
through measures based on the estimates of the VAR in equation ({2.5)—(2.6) with respect to
volatility shocks affecting either the US or the remaining countries. 95% credible intervals
are reported in the brackets. Our quarterly data range from 1971:q1 to 2013:q4.

decreases real economic activity. For the same country group, the fall in the relative
level of consumption growth is about 0.20%, i.e., half of that of output. This miti-
gation happens through net-imports, as the country with the highest volatility shock

experiences a deterioration of its current account.

Second, upon the arrival of a relative increase in output volatility, the volatility of
consumption increases as well. We find it convenient to explore this effect in greater

detail, by defining a volatility pass-through index as follows:
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(o (Ac;) — ai(Acys))
0(o(Ay;) — o(Ayus))
= 1- i3,1/§1,17

Pass-through = 1— (2.4)

where the second equality follows from our VAR specification. Since our analysis is
based on country-pairs, this index is equal to zero if an increase in output’s volatility
in one country results in a one-for-one increase in its own consumption volatility.
If instead an output volatility shock results in an equally redistributed increase in

consumption volatility across the two countries, the volatility pass-through is 1.

In an economy with time-additive preferences defined over one good, perfect risk-
sharing implies a pass-through of one, as consumption is equalized across all possible
states and hence o,(Ac¢;) — 0,(Acyg) = 0 Vt. Vice versa, in an endowment economy
in which countries are subject to autarky, i.e., they cannot trade, our index is equal
to zero, as C;; = Y;; Vi,t and hence (0:(Ac¢;) — 0r(Acys)) = (0:(Ay;) — o1(Ayus))
Vi, t.

Our estimates suggest that the volatility pass-through is about 50% for G7 coun-
tries, meaning that if country ¢ receives a country-specific output volatility shock of
one, its own consumption volatility goes up by just 0.50. This index increases further
to 60% when we focus on smaller countries, suggesting that the international shar-
ing of volatility shocks is more relevant for this set of countries. In our theoretical
investigation, we show that replicating these results in a model with time-additive

preferences is a challenge.
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Country-specific volatility shocks. The specification of the VAR in equation
is parsimonious, but it features three main shortfalls: (i) it does not provide
information on the size of country-level shocks; (ii) it is silent on the correlation of
shocks across countries; and (iii) it is unable to detect potentially different responses
depending on whether volatility shocks arise from big or small countries. The first
two limitations are relevant for calibration reasons. The third shortcoming limits our

understanding of volatility shocks risk-sharing in the data.

To overcome these issues, we propose a slightly different VAR,

Yii= py,; + Yy + Ly, (2.5)

in which we disentangle foreign and U.S. variables:

Yii=louAy) o(Ayus) Ay Ayus ou(Ac) a(Acys)| - (2.6)

As before, the persistence and scale matrices are common across countries, whereas
the intercepts pick out country-specific differences in the means. For parsimony, we
consider the smallest set of variables required for both calibration reasons and for the
assessment of the volatility pass-through. As a result, we exclude both the change in

net exports and the consumption growth rates from this VAR.

The estimation results used to guide our calibration are discussed in the next
section and reported in Table[d] In panel B of Table[2] we report the implied volatility
pass-through due to either a one-standard deviation increase in U.S. output volatility,
or a one-standard deviation in foreign output volatility for both the G7 and the
bottom-10 G17 countries. The additional insight provided by this estimation is that

the pass-through is sensitive to the size distribution of the countries that we analyze.
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Specifically, when we focus on the G7 group, all countries tend to have a similar
size and a pass-through in the common range [51%-54%)], regardless of the origin of
the volatility shock. In contrast, when we focus on US versus the bottom-10 G17
countries, i.e., a cross-section with more dispersion in size, the origin of the shock
matters. We find that the volatility pass-through is larger if the volatility shock

originates from the smaller economies.

According to our estimates, the bottom-10 G17 countries have a pass-through of
72% when they receive an adverse output volatility shock. When the U.S. receives a
volatility shock, in contrast, the pass-through to these smaller countries is just 51%,
a number comparable to that estimated among G7 countries. All together, these
results suggest a novel empirical finding: after a spike in endowment uncertainty,

small countries mitigate their consumption volatility better than large countries.

The volatility disconnect puzzle. If agents have CRRA preferences and markets
are complete, the scaled difference of consumption growth rates should equal the rate

of depreciation of the exchange rate between the two countries’ currencies:

v (Acpipr — Acperr) = Aepp. (2.7)

As a result, consumption growth rate differentials should be perfectly correlated with
exchange rates. Starting from Backus and Smith (1993), a vast literature has docu-
mented the empirical failure of this prediction (hereafter, Backus and Smith puzzle).
In the top part of Table [3| we show that Backus-Smith anomaly is present in our

dataset as well.
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Table 3: Volatility Disconnect Puzzle

G7 Aver. G17 Aver. G17 Quintile
Simple Simple  Weighted 1% 4
Levels Disconnect
corr(Acdyy 1, Aepiq) -0.14 -0.11 -0.13 -0.19 -0.04
corr(Acdyy 1, ACy.4) -0.14 -0.17 -0.14 0.29  -0.05
Volatility Disconnect
corr(oy(Acdiiq), 01(Aeryq)) 0.20 0.21 0.20 -0.01 0.42
corr(oy(Acdyra), o1 (ACisa)) 0.27 0.25 0.26 0.02  0.52

Notes - This Table shows correlations between the level and conditional volatility of con-
sumption growth differentials (cdi = AcV¥ — Acl) and exchange rate growth (AeilUSD),
respectively. In both cases, the US is maintained as the benchmark home-country. Cu-
mulative growth rates are denoted by . ‘G7 Aver.” (‘G17 Aver.”) refers to simple (both
simple and GDP-weighted) averages of key moments for G7 (G17) countries. The last two
columns show the first and fourth quintiles of the moments of interest in the G17 cross-
section. Consumption is seasonally adjusted, real, and per capita. Volatility estimates
are based on specification reported in equation . Quarterly observations are from the
1971:Q1-2013:Q4 sample.

Given our focus on the dynamics of volatility, we push our analysis one step
forward and study the implications for the conditional variance of consumption growth

differentials and the conditional variance of exchange rate’s movements. Specifically,

if we apply the conditional variance operator to both sides of equation (2.7)), we get:
’}/2 . Va?"t (ACh7t+1 - Acf,t-f—l) = VaTt (A€t+1) . (28)

Equivalently, the correlation between the conditional variance of consumption differ-

entials and exchange rate’s movements should be equal to 1.

As shown in the bottom portion of Table [3| empirically this correlation is very
modest. We call this novel empirical fact the volatility disconnect puzzle. To the best
of our knowledge, we are the first ones to both document the existence of this empirical

anomaly, and address it in the context of a recursive risk-sharing equilibrium.

21



Summarizing, our evidence shows that output volatility shocks decrease relative
output and consumption across countries, and increase consumption volatility. In
relative terms, the effects for consumption growth rate are smaller than for output
growth rates, and the consumption volatility response is larger if output volatility
shocks originate in a larger country. Equivalently, the pass-through from large to
small countries is smaller than the pass-through from small to large countries. Fur-
thermore, we find a strong disconnect between currency volatility and consumption
differentials volatility. This empirical finding is an anomaly in the context of a fric-
tionless risk-sharing model with CRRA preferences. In the next section, we develop
an economic model which can explain and quantitatively replicate our volatility risk

sharing evidence.

3 Model

The economy consists of two countries, home (h) and foreign (f), and two goods, X
and Y. Agents’ preferences are defined over consumption aggregates of the two goods

as follows.

Consumption aggregate. Let zi and y! denote the consumption of good X and
good Y in country i € {h, f} at date ¢t. Let o € (0,1). The consumption aggregates

in the home and foreign countries are

Ch= ()" ()™ and ¢f = (af) " ()", 3.1)
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respectively. The parameter o captures the degree of bias of the consumption of each
representative agent. In what follows we assume that the home country is endowed
with good X, while the foreign country is endowed with good Y. Following some of
the international macrofinance articles surveyed by Lewis (2011), we assume that «

is larger than 0.5. This allows us to build consumption home bias into the model.

Preferences. As in Epstein and Zin (1993), agents’ preferences are recursive but
not time-separable:

1-1/y

U= [(1=8)- (€)' T 4 0B |(UF) ] vie{hfh. (32

The coefficients v and 1 measure the relative risk aversion (RRA) and the IES,

respectively.

In contrast to the constant RRA case, these preferences allow agents to be risk
averse in future utility as well as future consumption. The extent of such utility risk
aversion depends on the preference for early resolution of uncertainty measured by
v —1/1¢» > 0. To better highlight this feature of the preferences, we focus on the

ordinally equivalent transformation

U1—1/¢
|/t S—
[—1/0
and approximate it with respect to 6 = 1:1% around 6y =1

1-1/% 1
— S N Ve 1-071=0
Vi = (o) 4 0B 1] (3.3)
Y 5 0
~ (1 — (S)m + (SEt [V;H-l] — émV(n’t [V:H-l] .
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Note that the sign of <m> depends on the sign of (v —1/¢). When v = 1/1),
the agent is utility-risk neutral and preferences collapse to the standard time-additive
case. When the agent prefers early resolution of uncertainty, that is, when v > 1/,
the coefficient 6 is positive: uncertainty about continuation utility reduces welfare

and generates an incentive to trade off future expected utility, E; [V;41], for future

utility risk, Var, [Viiq].

This mean-variance trade-off is absent when agents have standard time-additive
preferences, and it represents the most important element of our analysis given our

focus on the propagation of uncertainty shocks.

Since there is a one-to-one mapping between utility, Uf, and lifetime wealth, that

is, the value of a perpetual claim to consumption, Wj}t,

Ui = (1= 0)(Ci + W)™, Vi€ {h f}, (3.4)

the optimal risk-sharing scheme can also be interpreted in terms of the mean-variance
trade-off of wealth. For this reason, in what follows we use the terms “wealth” and

“continuation utility” interchangeably.

Endowments. We choose to endow each country with a stochastic supply of its
most-preferred good. Endowments account for time-varying risk and are modeled in

the spirit of Colacito and Croce (2013)

Alog Xy = pgp+ 2141+ e"zvtﬂaem — Clyq (3.5)

AlogY, = p,+ 2001+ e"yvt/Qaew + i1,
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where the process ci; = 7log (X;/Y;) with 7 € (0,1) introduces cointegration and
guarantees the existence of the equilibrium, and the components z; and zy are highly

persistent AR(1) processes,
Zjt = PZit—1+ O'Z€j7t,\V/j € {1, 2} . (36)

Throughout the paper, we refer to €;; and €5 as long-run shocks, due to their long-
lasting impact on the growth rates of the two endowments. Similarly, we call ¢, ; and

€y, short-run shocks.

We focus on time-varying short-run risk, as captured by the following process:

Ojt = Po0jt—1 + Jsrgoj,tavj € {3?, y} . (37)

Shocks are jointly log-normal:

§= |1y €01 €uy Eyi Eors ooy |~ 14.d.N(0,%),

and the matrix ¥ is assumed to be block-diagonal to allow for cros—country correlation

of shocks of the same type.

Markets. At each date, trade occurs in a complete set of one-period-ahead claims
to state-contingent consumption. Financial and goods markets are assumed to be

frictionless. The budget constraints of the two agents can be written as

:1:? +ptyf + / A?H (Ct+1) Qi (CHTY) = A? + X, (3.8)

¢t

ol + peyl +/ A{H (CtH) Qi (¢ = Al + Yy,

¢t
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where p; denotes the relative price of goods X and Y (the terms of trade), A!((?)
denotes country i’s claims to time ¢ consumption of good X, and Q;,1(¢**1) gives the
price of one unit of time ¢ + 1 consumption of good X contingent on the realization
of ¢**1 at time ¢ + 1. In equilibrium, the market for international state-contingent

claims clears, implying that A" + Al =0, vt

Prices. The stochastic discount factor in consumption aggregate units is

1 4 1/¢Y—~
. L\ v Ul o
M, =6 (—tﬂ) —— L . (3.9)
a Ci Ly [Utl}rlq

Since markets are assumed to be complete, the log growth rate of the real exchange

rate is
Ae, = log M] —log M} (3.10)
. . . o (l—a)z,’}
and the relative price of the two goods is p; = o
t

Allocations. Under complete markets, we can compute efficient allocations by solv-
ing the associated Pareto problem. The planner attaches date 0 nonnegative Pareto
weights " = p and p/ = 1 — p to the consumers and chooses the sequence of alloca-

nof oo f1T
tions {xt s Ty, Y Yi } to maximize
t=0

A=p-Ug+ (1= p)-Uf,
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subject to the following sequence of economy-wide feasibility constraints:

4yl = v, vt>o,

where the state-dependent notation is omitted for the sake of clarity. In characterizing
the equilibrium, we follow Anderson (2005) and formulate the problem using the
ratio of time-varying pseudo-Pareto weights, S; = u:/(1 — 1), as an additional state
variable. This technique enables us to take into account the nonseparability of the

utility functions.

The first-order necessary conditions imply the following allocations:

2 = aX, [1+(1_0‘)(St_1)}, ol =(1-a)X; [1—0‘(&_1)] (3.11)

1—a+ aS; 1—a+ as;
=-ay i 2] —ar - GRS I
where
S, =S, - ﬁ{: . (g€/05;1> V> 1 (3.12)
i i /Cia
and Sy = 1, as we start the economy from an identical allocation of wealth and

endowments. This is consistent with the ergodic distribution of the model, which
implies that on average the two countries consume an identical share of world resources

because of symmetry.
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We make three remarks. First, S; is a key driver of the share of world consumption

allocated to the home country, SW(C;,

o+ pyl S

SWC; = = )
! Xe+pYy 1+5

(3.13)

The higher S;, the larger the home country. Second, as in Colacito and Croce (2013),
when the home country receives good news for the endowment of good X, there is a
persistent reduction in the domestic share of world consumption. This countercyclical
adjustment is consistent with equation (3.12)): as good news for the supply of good X
relative to good Y materializes, the home country experiences a drop in its marginal
utility. Therefore, it is optimal to reallocate resources to the foreign country. In the
decentralized economy, the home country optimally substitutes part of its current
consumption with exports to its foreign trading partner. Third, S; introduces an
endogenous time-varying volatility term into consumption growth, since allocations
are nonlinear functions of this component. In Section [4.3] we discuss the importance

of this channel in the context of our explanation of the volatility disconnect anomaly.

3.1 Calibration and Solution Method.

We report our benchmark calibration in table [d Panel A refers to parameters that
have already been employed in this class of models and are standard in the literature
(see, among others, Colacito and Croce (2011), Colacito and Croce (2013), and Bansal

and Shaliastovich (2013)).

We set the intertemporal elasticity of substitution to 1.5, as in Colacito and Croce

(2013). Because of the presence of volatility risk, we can obtain a volatile stochastic
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Table 4: Calibration

Description Parameter Value

Panel A: Standard Parameters
Relative Risk Aversion v
Intertemporal Elasticity of Substitution Y 1.50
Subjective Discount Factor 5 0.98
o

Degree of Home Bias 0.96
Mean of Endowment Growth -4 2.00%
Short-Run Risk Volatility o4 1.87%
Long-Run Risk Autocorrelation p 0.953
Relative Long-Run Risk Volatility o./o 6.90%
Cross-correlation of Short-Run Shocks Px 00.15
Cross-correlation of Long-Run Shocks P 00.92
Panel B: Time-Varying Short-Run Risk
Persistence of Short-Run Volatility Po 0.90
[0.89-0.93]
Volatility of Short-Run Volatility Osr 0.15
[0.15-0.16]
Cross-correlation of Short-Run Volatility Po.o 0.30
[0.13-0.45]
Short-Run Volatility Correlation with Po,Ay -0.12
Short-Run Shocks [-0.15 -0.05]

Notes - All parameters are calibrated at quarterly frequency. In Panel B, the entries for the
data are from the VAR specified in equations (2.5)—(2.6). Numbers in brackets denote the

bayesian 95% credible set. Data are from the OECD dataset and refer to G-17 countries.
The sample spans the post-Bretton Wood period, 1971:q1-2013:q4.
discount factor with a risk aversion coefficient of 7, a value particularly conservative

in this literature. The subjective discount factor is chosen so as to keep the average

annual risk free-rate close to 1% when possible.

The consumption home-bias is set to 0.96, a number that falls in the middle of
the range observed for our countries. For example, in our sample the U.S. home-bias
is 0.95, as an average of 5% of U.S. consumption goods are composed of imports

(Erceg, Guerrieri, and Gust (2008)). Balta and Delgado (2007) document a stronger
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consumption home bias for the European countries in our dataset and suggest a value
of a = 0.97. Setting A = 0.97 would improve our quantitative results, as it would
make our risk-sharing channel even more relevant. We prefer to work with a = 0.96

in order to obtain conservative results.

Annualized average output growth is set to 2%, consistent with the empirical find-
ings in Table[I] Unconditional volatilities are calibrated to produce an unconditional
output volatility of 1.90%, as in the data. The long-run components are calibrated in
the spirit of the international long-run risk literature, as they are both highly persis-
tent and correlated across countries (Colacito and Croce (2011), Colacito and Croce
(2013)). Since we set 0,/0 = 0.07%, the implied consumption growth rate is almost
1.7.d., as in the data. Short-run output growth shocks, in contrast, are as poorly

cross-country correlated as output growth in our dataset (see Table .

In Panel B, we report the parameters that govern the volatility process of short-
run shocks, i.e., the novel and most important element of our investigation. These
parameters are calibrated to be consistent with our empirical results. Specifically, we

pick values typically in the middle of the bayesian 95% credible intervals of the VAR
system specified in equations ({2.5))—(2.6]).

Consistent with our data, volatility shocks are as poorly correlated across coun-
tries as short-run growth shocks. We allow for negative within-country correlation
between volatility and short-run growth shocks so that higher volatility is associated

to economic slowdowns. Conditional volatilities are as persistent as in the data.

Given these parameters, we use perturbation methods to solve our system of
equations. We compute an approximation of the third order of our policy functions

using the dynare++ package. As documented in Colacito and Croce (2012), a third-
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order approximation is required to capture endogenous time-varying volatility due to
the adjustments of the pseudo-Pareto weights. All variables included in our dynare+-+

code are expressed in log-units.

Both the calibration and the solution methods are standard in the literature.
In what follows we discuss only the performance of our model for the dynamics of
conditional volatilities, i.e., the main objective of our investigation. For commonly
targeted unconditional moments, we defer the reader to Table in the Appendix.
For the sake of completeness, the table also shows the same moments for the case
in which we abstract away from volatility shocks, and for the setting with CRRA

preferences.

4 Main Results

In this section, we present the main result of our theoretical analysis. We start by
describing the risk-sharing motives of both level and volatility shocks. We are the
first ones to connect recursive risk-sharing to our evidence on consumption volatility
dynamics both within country and in the cross-section of countries. We then assess
the quantitative performance of our model by means of simulations and show that a

frictionless recursive risk-sharing scheme can rationalize our empirical findings.

4.1 Risk Sharing Motives

Risk-sharing of level shocks. In Figure , we report the response of the vari-
ables of interest to a short-run level shock (left panels) and to a long-run level shock

(right panels) to the growth rate of the endowment of the home country. Note that on
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Figure 3 - Impulse Responses. Panel (a) shows the percentage impulse response func-
tions of output growth (Ay), consumption growth volatility (o(Ac)), consumption growth
(Ac), change of net-export—output ratio (ANX/Y), and stochastic discount factors (sdf)
to a shock to the home endowment for both the home country (solid line) and the foreign
country (dashed line). Level shocks materialize only in the home country, and only at time
1. Shocks are not orthogonalized; we consider a positive ¢ shock in the short-run, and a
positive o, shock for the long-run. In panel (b) we consider an endowment volatility shock
which is orthogonalized within and across countries, i.e., it affects only the home country
and it does not change the growth rate level. All parameters are calibrated to the quarterly
values reported in Table

impact the short-run shock is sizeably larger compared to the long-run shock (panels
of the first row of Figure |3(a)|). However, the long-run shock is highly persistent and
it ends up affecting the growth rate of the home endowment for a large number of

periods.
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Consistent with Colacito and Croce (2013), the growth rates of consumption in-
crease in both countries in response to a positive short-run shock, whereas they move
in opposite directions in response to a positive long-run shock (panels on the third row
of Figure . The asymmetric response of consumption growth rates to a long-run
endowment shock is the result of the agents’ extreme sensitivity to persistent news

to the growth rates of their endowments.

When a shock of this nature materializes, the home country’s marginal utility
drops substantially (second panel on the last row of Figure . In order to restore
the equality of the marginal utilities of consumption across countries, an interna-
tional redistribution of resources needs to take place. Specifically, the home country
increases its exports, while the foreign country increases its imports (panels of the
fourth row of Figure . Equivalently, the ratio of the pseudo-Pareto weights S

declines, as dictated by equation (3.12]).

Since the long-run shock is a pure news shock, i.e., a shock that results in a larger
amount of home endowment only in future time periods, the international redistri-
bution of resources takes place through a drop in home consumption and an increase
in foreign consumption. As pointed out in Colacito and Croce (2013), this immedi-
ate response of the consumption level simultaneously comes with an opposite swap
of long-run consumption variance (as measured by o;(U;41)). Specifically, the home
country optimally reduces its current consumption share, S;/(1 — S;), in exchange
for a reduction in 0y(U11) (see Figure [} top-right panel). Consistent with equation

(3.3)), the reduction of long-term uncertainty improves welfare.

Given our interest for both the volatility pass-through and the volatility disconnect

anomaly, we pay particular attention to the response of the volatility of consumption
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growth rates, o;(Ac}, ;). These variables have never been studied before and warrant

further discussion.

First of all, we highlight that their qualitative response is similar following both
a short- and a long-run shock (second row of Figure . Indeed in both cases, the
volatility of consumption growth rate of the country that experiences the positive
endowment shock increases, whereas the volatility of consumption declines for the
other country. As depicted in the top-left panel of Figure |4, this response is the
direct result of the negative link between pseudo-Pareto weight and consumption

volatility generated under EZ preferences.

The top-right panel of the same figure illustrates that the recursive risk-sharing
mechanism of this economy is characterized by the agents’ willingness to trade-off
short-term consumption risk (i.e., 0,(Ac;y1)) for a smoother future consumption pro-
file (i.e., 04(Uis1)). That is, savings are dynamically adjusted to achieve long-run
consumption smoothing at the cost of increasing short-run consumption volatility. In

both panels, we also show that with CRRA preferences this trade-off is absent.

The bottom two panels of figure ] document that the response of short-term
consumption volatility in our benchmark model is generated by the interaction of
recursive preferences with long-run growth news shocks. Absent these shocks, con-
tinuation utilities are very smooth and agents have a negligible incentive to reducing
their utility’s volatility any further through an increase in short-term consumption

fluctuations.

A second important lesson from Figures and 4| is that the absolute change in

volatility for the country that is affected by a positive level shock (i.e., negative adjust-
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Figure 4 - Variance Frontiers. The left panels report the the conditional volatility of
the growth rate of consumption in the home country (o; (Acpt+1)) as a function of the
logarithm of the ratio of pseudo-Pareto weights (s;). In the right panels we replace the
logarithm of the ratio of pseudo Pareto weights with the associated conditional volatility
of the normalized continuation utility in the home country (i.e., oy (Uh7t+1/(XtO‘Y;1_a))).
In the left panels, the left (right) axis reports the values for our benchmark (alternative)
calibration. In the right panels, the values for our benchmark (alternative) calibration are
reported on the left and bottom (top and right) axes. Across all experiments, we keep both
the exogenous long-run components and the exogenous volatility processes fixed at their
unconditional mean.

ment in its pseudo-Pareto weight) is larger than the absolute change in the volatility
for the other country. Equivalently, the short-run consumption volatility frontier is
convex. This asymmetry is due to the concavity of the consumption aggregator with

respect to S;. As a result, the variation of the share of world consumption produces

35



bigger variability in the consumption aggregate of smaller countries, an important

feature to explain our evidence on the volatility pass-through.

Risk-sharing of vol shocks. Figure shows the response of our main set of
variables of interest to a volatility shock in the home country. For comparability, we
report the responses from both our benchmark model and a model with standard

time-additive CRRA preferences.

First of all, we note that the relative response of the volatilities of consumption
growth rates in the two countries differs across the two preference specifications. With
CRRA preferences, volatility news are not directly priced and hence marginal utilities
do not move. There is no reallocation of resources across countries and as a result
the increase in volatility of the domestic endowment is almost entirely absorbed by
domestic consumption. According to our definition of volatility pass-through, in this

situation our index takes on a value close to zero.

In the specification with EZ preferences, the risk-sharing motive that we described
in the previous section partially offsets the increased amount of volatility in the econ-
omy. As documented in the left panel of Figure [5] upon the arrival of an adverse
volatility shock, the short-run consumption volatility frontier of the home country
shifts upward by a lesser extent than under CRRA preferences. Since our agents are
averse to conditional variance, their trade is arranged to reduce the time-variation
of their own conditional volatilities. Furthermore, these countries tend to keep their
volatilities aligned to each other. As shown in the right panel of Figure [5] the cross-
country difference of the conditional volatilities increases by a smaller amount under
EZ preferences than under the CRRA setting. We discuss this finding in further detail

in our next section when discussing our volatility pass-through results.
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Home Country Home Country - Foreign Country
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Figure 5 - Response to an Adverse Volatility Shock to Good X. The left panel
reports the change in the conditional volatilities of consumption growth in the home coun-
try after an adverse shock to the volatility of the good X. The right panel reports the
change in the cross-country difference of conditional volatility of consumption growth for
the same shock. In each panel, the dashed (solid) line refers to the case of EZ (CRRA)
preferences. Across all experiments, we keep all other exogenous state variables fixed at
their unconditional mean.

We conclude this section pointing out that the responses of consumption, net
exports, and stochastic discount factors in the model with EZ preferences are the
mirror image of those obtained for a positive long-run endowment shock, since a

positive volatility shock is a negative news shock.

4.2 Volatility Comovents and Pass-through

Unconditional comovements. We use simulations to quantify the ability of the
model to reproduce our empirical findings for the dynamics of volatility. We find
it useful to consider first a setting with standard CRRA preferences, as in this case
shocks do not produce any sizeable endogenous reallocation of volatility from one

country to the other. Equivalently, the pseudo-Pareto weights are almost constant
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Table 5: Comovents and Pass-Through

Panel A: Unconditional comovements

Aver.  Quintiles Bench- No TVV ~ CRRA
[ 15t 4th ] mark (0, =0) (y=T7)
corr(oy(Acey1), oe(Ayerr)  0.65  [0.26; 0.80] 0.88 - 0.98
corr(oy(Acit1), 00 (Acs ) 045  [0.35; 0.66] 0.35 -0.93 0.50
Panel B: Pass-through and size
SWC US vol shock  Foreign vol shock
US/G7 Countries:
Data 0.44 0.51]  [0.43 0.54] 0.51 0.63]
Model (EZ) 0.50 0.53 0.53
Model (CRRA) 0.50 0.30 0.30
US/Bottom-10 G17 Countries
Data 072077 [0.45 0.57] [0.66 0.78]
Model (EZ) 0.72 0.39 0.70
Model (CRRA) 0.72 0.38 0.37

Notes - In Panel A, we report correlations between the conditional volatility (o¢) of consump-
tion and output growth within and across countries. Conditional volatilities are obtained
by estimating equation country-by-country. The data refer to G-17 countries and are
described in section Panel B reports estimated pass through coefficients (see equation
(2.4])) with respect to both domestic (US) and foreign volatility shocks for both the G7 and
bottom-10 G17 countries. SWC denotes the share of world consumption, S/(1+.S), keeping
the U.S. as home country. For each country, we compute the moments of interest over the
post-Bretton Wood period, 1971:Q1-2013:Q4. For each moment, we report first and fourth
cross-country quintiles. The entries from the model are obtained from 100 repetitions of
small samples. Our benchmark quarterly calibration is reported in table

(Colacito and Croce (2013)), similarly to the autarky scenario in Cole and Obstfeld
(1991). In this situation, the correlation between consumption and output volatility

within each country is almost perfect, as the volatility of consumption moves one-to-

one with the volatility of the output growth rate.

The international correlation of the consumption volatilities is 50%, a number
slightly higher than the one observed in the data. Recall that the exogenous interna-
tional correlation of the output volatility shocks is set to 30%. Since the pseudo-Pareto

weights are almost fixed under CRRA, the log-consumption bundles in each country
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are a constant weighted average of the two goods, and hence their volatilities are

more correlated than those of the two underlying endowment processes.

In contrast to the CRRA case, our model with recursive preferences is able to pro-
duce a less than perfect contemporaneous correlation between output and consump-
tion volatility. This result is driven by the fact that level shocks are an important
endogenous driver of consumption volatility independently of our exogenous output
volatility shocks. As shown in the table, without volatility shocks, the cross-country
correlation of the consumption profiles would be almost perfectly negative. This
channel counterbalances the tendency of having consumption profiles more correlated
than output. At the equilibrium, our model produces a final correlation of 35%, a

figure which is well within the confidence region of our cross-section of countries.

Pass-through. Overall, unconditional comovents do not allow us to discriminate
between the CRRA and the EZ setting, as both models produce results that lie within
the empirical ranges. This conclusion changes when we focus on conditional responses
and, in particular, on our pass-through index. When we compare countries of similar
size, i.e., US versus the remaining G7 countries, only the model with EZ preferences
generates a pass-through of 50%, as in the data. This result is particularly relevant
because it is obtained with a simultaneous response of the current account that repli-
cates that observed in the data, as shown in figure 2, Under CRRA preferences,
instead, the pass-through is very limited, as volatility news are not an independent

determinant of risk-sharing motives.

Furthermore, when we alter the relative consumption share in the model and set
the home country consumption to be about three times larger than that of the foreign

country, as in the comparison between the US and the bottom-10 G17 countries, our
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model can replicate the asymmetry documented in the data. Specifically, our model
predicts that when the volatility shock hits a big country, the pass-through is limited.
Vice versa, small countries can better share shocks to their endowment volatility
as documented by their higher pass-through. This result follows directly from the
convexity of the short-run volatility frontier depicted in the top-left panel of Figure

for the case of EZ preferences.

In the CRRA case, instead, the relative country size does not play any major role
in determining the extent of volatility pass-through, a result which is at odds with
the data. In the next subsection, we show that a model with CRRA preferences fails

also in explaining the volatility disconnect in our international data set.

4.3 Risk-Sharing and Volatility Disconnect Anomaly

In Table [0, we compare our empirical findings on the disconnect between exchange
rates and consumption differentials to our simulation results. In the top panel, we
show that our benchmark model is able to replicate the slightly negative correlation
between consumption growth differentials and exchange rate movements observed in
the data over both at quarterly and an annual horizon. As in the model with constant
volatility of Colacito and Croce (2013), news shocks are sufficient to break the perfect
correlation of the consumption differentials and the exchange rate. Consistent with
the observation in Backus and Smith (1993), under CRRA preferences this correlation

is counterfactually high.

Most importantly, with CRRA preferences also the correlation between the con-
ditional variance of consumption differentials and exchange rate’s movements is 1

(last column in the bottom portion of Table [6). This outcome is at odds with the
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Table 6: Volatility Disconnect Anomaly and Risk-Sharing

G-17 Data Model
Aver. Quintiles Bench- No TVV CRRA
[ 15t 4th ] mark (0, =0) (y=7)
Levels Disconnect
corr(Acdy i1, Aegyq) -0.13  [-0.19; -0.04] -0.25 -0.27 1.00
corr(Acdyq, Aeyyq) -0.14  [-0.29; -0.05] 021 -0.24 1.00
Volatility Disconnect
corr(oy(Acdiyr), oe(Aeryr)) 020 [-0.01 0.42] 0.56 -0.75 1.00
corr(oy(Acdisa), 0 (AGsa)) 026 [-0.02 0.52] 047  -0.75 1.00

Notes - This table reports key moments for real consumption growth differentials (Acd =

Ac — Ac*) and exchange rate growth (Ae). Foreign variables are marked by “*’; cumula-

tive growth rates are denoted by ‘7’. Conditional log-volatilities are denoted by o;. The
empirical moments are obtained by estimating equation country-by-country, as de-
tailed in section 2.2l The data refer to G-17 countries and are described in section 2.1l
For each country, we compute the moments of interest over the post-Bretton Wood period,
1971:Q1-2013:QQ4, as detailed in section For each moment, we report (i) its GDP-
weighted average across countries; and (ii) its first and fourth cross-country quintiles. The
entries from the model are obtained from 100 repetitions of small samples. Our benchmark
quarterly calibration is reported in table

findings of our empirical investigation and can be explained by looking at the right
panels of Figure [6f regardless of whether a volatility shock, a short-run shock, or a
long-run shock hits the economy, the two set of volatilities are always characterized

by a perfect degree of co-movement.

In our benchmark model, instead, the behavior of the volatilities depends on the
nature of the specific shock hitting the economy (Figure @, left panels). Specifically, a
volatility shock in the home country is still characterized by a positive co-movement
between exchange rate and differential of consumption growth rates. This is because
the two countries share the risk associated to an increase in macroeconomic uncer-

tainty, as explained in the previous section.
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Figure 6 - Impulse Response Functions and Volatility Disconnect. This figure
shows the percentage response of the volatility of consumption growth differentials (dashed
line) and exchange rate’s growth rate volatility (thick line) to a volatility shock in the home
country (top panels), a short-run shock in the home country (middle panels), and a long-run
shock in the home country (bottom panels), respectively. The left (right) panels report the
response functions for our benchmark model with EZ (CRRA) preferences.

We note that short-run shocks are irrelevant in this context, as they result in a
negligible response of the two volatilities, since investors’ marginal utilities are not
particularly sensitive to this type of shocks (mid-left panel of Figure @ In contrast,
a long-run shock to the home country generates a significant negative co-movement
between the two volatilities and lowers their unconditional correlation (bottom-left

panel of Figure @ Over an annual horizon, this channel enables our model to produce

a correlation well within our empirical range (Table [6] bottom two lines).
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In order to explain the origin of such negative comovement, it is useful to decom-

pose the variance of the consumption differential growth rate in its subcomponents:

Vary(Acip — Acyyy) = Vary(Acy) + Vard(Ac,)

-2 \/Vart(ActH) Var (Act, ) - corr(Acir, Acit).

Given the small adjustment of the conditional correlation of consumption growth rates
produced in our setting (see Figure , the dynamics of the variance of consumption
differentials is determined by the sum of the variances of the consumption growth
rates across countries. Because of the convexity of the short-run volatility frontier
depicted in the top-left panel of Figure 4| (dashed line), this sum is increasing in wealth
inequality, i.e., it is U-shaped with respect to the log-ratio of the Pareto weights
(Figure . As a result, starting from an equal distribution of wealth, o(Ac;1 —
Acf, ) increases upon the arrival of a positive long-run shock (Figure @, bottom-left

panel).

Given our complete markets’ assumption, the variance of the exchange rate growth

can be decomposed as follows,

Var, (Ae1) = Vary(Amyp, — Amy, )

= VCLTt(Amt+1) + Va/rt(Am:—&-l)

—2\/Vart(Amt+1) Var (Amj,,) - corr(Amy 1, Amyy).

In a model with long-run growth news most of the volatility of the stochastic discount

rates is driven by the continuation utilities. As shown in the top-right panel of Fig-
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Figure 7 - Conditional Correlations. The dashed line reports the conditional corre-
lations of the stochastic discount factors as a function of the logarithm of the ratio of the
pseudo Pareto weights. The thick line shows the conditional correlations of the growth rates
of consumption as a function of the logarithm of the ratio of the pseudo-Pareto weights.
Across all experiments, we keep both the exogenous long-run components and the exogenous
volatility processes fixed at their unconditional mean.

ure [} the utility variance frontier is linear, meaning that the drop in the conditional
volatility of the utility of one country is almost entirely offset by the increase in volatil-
ity of the other country. As a result, Var,(Amy1) + Var,(Am;, ) is time-invariant.
Given the higher correlation of the stochastic discount factors that is associated to
the enhanced risk-sharing opportunity (see Figure , the exchange rate volatility has
an inverse U-shape with respect to the log-ratio of the Pareto weights (Figure .

Equivalently, starting from an equal distribution of wealth, the impulse response of

the exchange rate volatility is negative.

We conclude our analysis by noting that without volatility shocks, e.g., the case

considered in (Colacito and Croce, 2013)), the volatility disconnect generated by our
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Figure 8 - Conditional Volatilities Disconnect. The Figure plots the logarithm of
the conditional volatility of the growth rate of the exchange rate (o (Aety1)) on the left
vertical axis, and the logarithm of the conditional volatility of difference between the growth
rate of consumption in the home and foreign countries (o; (Acp 41 — Acgy1)) on the right
vertical axis. Both volatilities are plotted against the logarithm of the ratio of pseudo Pareto
weights (s¢). Across all experiments, we keep both the exogenous long-run components and
the exogenous volatility processes fixed at their unconditional mean.

model would be counterfactually large. This is because of the predominance of the
endogenous response of volatilities to long-run shocks, which results in a negative
correlation. We regard the ability of our benchmark model to match the correlation
between the volatilities of consumption growth differentials and exchange rate’s fluc-
tuations as an important finding, which further highlights the relevance of volatility

shocks in enhancing our understanding of the dynamics of international asset pricing

and quantities.

5 Conclusion

In this paper, we construct a measure of bilateral volatility pass-through and we use

it to document the sizeable extent of international propagation of output volatility
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shocks. Furthermore, we provide novel empirical evidence about the disconnect be-
tween the volatility of consumption differentials and the volatility of exchange rates.
We show that these finding constitute a puzzle from the standpoint of a frictionless
model with CRRA preferences. We then develop a frictionless general equilibrium
model featuring long-run growth news shocks, volatility shocks, and two countries
populated by agents with recursive preferences that can replicate these empirical

findings.

Future developments should focus on extending this setting to international real
business cycle models in an effort of studying the role of international investment flows
and international frictions for the origination and international propagation of volatil-
ity shocks. The investigation of the roles of trading frictions, portfolio composition,

and market incompleteness are other promising directions for future research.
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Appendix A. Volatility Estimation

We use auxiliary mixture sampler to estimate the model specified in ([2.1) and extract latent
volatility components, following Kim, Shephard, and Chib (1998). Specifically, we rewrite

the observation equation,
log((z — p = pzi-1)°) = oy + log (17 (A1)

The distribution of log(n?) can be well approximated by a mixture of Gaussian distri-
butions:

p(log(17)) = Sy misp (e s 070), (A2)

where ¢ is the probability density function of a Gaussian distribution with mean u,,; and
standard deviation oy, ;. In the Markov Chain Monte Carlo procedure, s; € [1, T is drawn
to indicate one Gaussian distribution to sample log(n?). Conditioning on s;, the model is in
Gaussian linear state-space form, and standard forward filtering backward sampling scheme

can be applied. The algorithm thus takes the form:
1. Initialize p, p, po, v, 0w, St
2. Sample o from p(o¢|z, p, p, to, V, Ow, St,Z2)
3. Sample s; from p(s; = i) o mp(log((z — p — pzi—1)%); ot + tnis agﬂ-)
4. Sample pu, p, pg, v, o, from p(p, p, pe, Vv, oulot, 2)
5. Repeat 2-4 until convergence

In our empirical implementation the priors are very loose: p ~ N(0.005,2), p ~
N(0.3,100), py ~ N(—10,20),v ~ N(0.9,0.5), and o, ~ IG(2,0.5). We sampled 20,000
times and discard the first 5,000. The posterior mean of o; is the volatility used in the

empirical analysis.

Appendix A.1. Robustness of Empirical Results

We verify that our key empirical evidence on the volatility risk sharing is quite robust to

modifications of the benchmark analysis. Specifically, we consider all the G17 countries,
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Table A1l: Robustness of Pass-Through Results

Panel A: Contemporaneous adjustments to relative volatility shocks

o(Ay) Ay o(Ac) Ac A(NX/Y) Pass-
through
Global Benchmark, G17 Countries:
0.16 -0.44 0.06 -0.06 -0.37 0.61
[0.15; 0.16] [-0.67; -0.21] [0.06; 0.07] [-0.20;0.09] [-0.56; -0.18] [0.57; 0.64]

US/Pooled G6:
0.19 -0.52 0.09 -0.26 -0.26 0.53
0.19; 0.20]  [0.83; -0.23]  [0.08;0.10]  [-0.50;-0.02]  [-0.49; -0.03]  [0.49; 0.56]

VAR(2) Model:
0.21 -0.41 0.09 -0.11 -0.29 0.59
0.20;0.21]  [-0.71; -0.11]  [0.08; 0.09]  [-0.34; 0.13]  [-0.53;-0.06]  [0.55; 0.62]

Panel B: Pass-through and size

Origin of Vol. Shock:

U.S. Foreign Country
Global Benchmark/G17 Countries: 0.52 0.62
[0.45; 0.59] [0.58; 0.66]
US/Pooled G6: 0.47 0.64
[0.43; 0.52] [0.58; 0.70]
VAR(2): 0.55 0.63
[0.50; 0.60] [0.58; 0.68]

Notes - Panel A shows the estimates of the contemporaneous responses (f]lj) of the VAR
specified in equations — with respect to a shock to relative output volatility. Re-
sponse of output growth, consumption growth, and net exports to output are annualized,
in per cent. Volatility pass-through is defined as in equation . ”Global Benchmark” is
defined as the weighted average of the corresponding series across all countries. In ”Pooled
G6” specification, we estimte macroeconomic volatility assuming that the volatility param-
eters are the same across countries. ”VAR(2)” stands for 2-lag VAR with US/GT7 countries.
Panel B reports pass-through measures based on the estimates of the VAR in equation
f with respect to volatility shocks affecting either the benchmark or the remaining
countries. 95% confidence intervals are reported in the brackets. Our quarterly data range
from 1971:q1 to 2013:q4.

and using global benchmark, defined as the average of the corresponding series across all

countries, in place of the U.S.

We also consider estimating macroeconomic volatility assuming that the volatility pa-

rameters are the same across countries pooling the macroeconomic series across countries,
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and pooling the data. As shown in Table our main empirical results are quite robust to
all the specifications. Relative consumption and output generally decline and consumption
volatility increases due to a volatility shocks, and the effects on consumption are smaller
than on output. The relative magnitudes of the effects are quite stable across the specifi-
cations; for example, the estimate of the volatility pass-through ranges from 0.43 for G17
to 0.48 for the G7 countries.

Table [ATl shows that the robustness of our evidence for the size effects.
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Appendix B. Standard Moments from the Model

In Table we focus on unconditional moments typically targeted in the international
finance literature. Our benchmark calibration conforms well with our data, both with and
without volatility shocks. The adoption of CRRA preferences, generates well known puzzles:
(i) the market price of risk is excessively low; (ii) the risk-free rate is too high; and (iii)
international trade is modest. In our model the net exports are not as volatile as in our

G17 dataset, but they are twice as volatile compared to the CRRA case.

Table B2: Standard Unconditional Moments

0.32 0.32 0.16

G-17 Data Model
Aver. Quintiles Bench- No TVV ~ CRRA
[ 15t 4th ] mark (0,=0) (y=7)
corr(Ac, Ac*) 0.25 [0.13; 0.33] 0.38 0.37 0.74
o(Ac)(%) 1.67  [1.34; 2.47] 1.85 1.82 1.64
o(Ac)/o(Ay) 0.88 [0.57; 0.82] 0.93 0.94 0.83
ACF1(Ac) 0.17  [-0.16; 0.31] 0.06 0.07 0.08
o(M)/E(M)(%) - - 47.86 47.85 11.49
o(ANe) (%) 1050  [10.2; 11.4] 12.80 12.65 8.31
E(r!)(%) 135 [1.44; 2.41] 2.17 2.19 14.91
o(r) (%) 1.79  [1.61; 2.27] 0.33 0.33 3.47
corr(rf,ri*) 0.51 [0.37; 0. 56] 0.91 0.92 0.98
0. ]

J(ANX/Y))/o(Ay)  0.70

Notes - This table reports key moments for real consumption (C'), output (Y), exchange
rate (E), risk-free rates (Rf), net-export-to-output ratio (NX/Y), and stochastic discount
factor (M). Small letters refer to log-units; changes are denoted by ‘A’; foreign variables are
marked by “*’. We denote expectation, standard deviation, correlation, and first order auto-
correlation by E, o, corr, and ACF'1, respectively. The data refer to G-17 countries and
are described in section For each country, we compute the moments of interest over the
post-Bretton Wood period, 1971:Q1-2013:QQ4, as detailed in section For each moment,
we report (i) its GDP-weighted average across countries; and (ii) its first and fourth cross-
country quintiles. The entries from the model are obtained from 100 repetitions of small
samples. Our benchmark quarterly calibration is reported in table

95



	Introduction
	Empirical Evidence
	Data Description
	Volatility Measurement and Co-movements
	Volatility Risk Pass-Through


	Model
	Calibration and Solution Method.

	Main Results
	Risk Sharing Motives
	Volatility Comovents and Pass-through
	Risk-Sharing and Volatility Disconnect Anomaly

	Conclusion
	. Volatility Estimation
	. Robustness of Empirical Results

	. Standard Moments from the Model

