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Abstract. Lack of comovement between consumption differentials and real exchange rates is
a traditional indicator of a disconnect of foreign exchange markets from economic fundamen-
tals. We present novel empirical evidence for the disconnect between the volatilities, as
opposed to the levels, of these variables. The volatility correlations are below one, but they are
larger than the level correlations. We discuss the economics of volatility disconnect anomaly in
settings with complete and incomplete markets and provide an explanation of our empirical
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1. Introduction

The last three decades have been characterized by peri-
ods of heightened volatility in macroeconomic funda-
mentals, from the Global Financial Crisis and trade
wars to the COVID-19 pandemic. A natural question to
ask is whether increases in macroeconomic uncertainty
are systematically related to foreign exchange volatility.
Do foreign exchange markets reflect the relative uncer-
tainty about economic fundamentals at home and
abroad? Do currency traders separately account for the
cross-country differentials in growth versus volatility
fundamentals? Can the differences in patterns of level
versus volatility risk sharing help assess, discriminate,
and discipline the models of foreign exchange risk?
Our paper is among the first to provide an empirical
and theoretical answer to these questions.

A growing literature in macroeconomics and finance
has emphasized the first-order effects of aggregate vol-
atility fluctuations on economic quantities and asset
prices, above and beyond shocks to the levels of eco-
nomic fundamentals. Indeed, in the context of eco-
nomic growth, Ramey and Ramey (1995) find that
countries with higher volatility tend to experience
lower growth; in a production setting, volatility shocks
lead to a decline in output and economic activity
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(Bloom 2009, Basu and Bundick 2017, Arellano et al.
2019); and in the context of asset pricing, Bansal and
Yaron (2004) show that volatility fluctuations are cru-
cial for the level and time variation in risk premia and
asset prices. Most of the existing work, however,
focuses on volatility spillovers to real and financial mar-
kets in the context of a single economy, and much less
is known about the transmission and sharing of volatil-
ity risk across country borders.

These questions relate closely to the long-standing
debate on the disconnect between exchange rates and
economic fundamentals. In a classical international set-
ting with complete markets and time-additive power
utility, Kollmann (1991) and Backus and Smith (1993)
document a “disconnect” between the levels of foreign
exchange rates and economic activity. In this paper, we
are the first to document and study the empirical and
theoretical significance of such a disconnect between the
volatilities of exchange rates and consumption. Our find-
ings suggest that the disconnect extends beyond levels
to volatilities, offering new insights into the mechanisms
that drive Foreign Exchange (FX) market dynamics.

We present novel empirical evidence for three
aspects of the data. First, the correlation of the condi-
tional volatilities tends to be larger than the correlation
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between the levels of consumption growth differentials
and exchange rates. This evidence suggests that the vol-
atility disconnect is smaller than the level disconnect.
Second, even though the second moments are more cor-
related than the levels, their correlation is still small at
about 20%. To emphasize our finding of a mild correla-
tion between the volatilities, we use the expression
“volatility disconnect” in foreign exchange markets.
Third, there is a substantial amount of cross-country
heterogeneity in the volatility disconnect. This variation
is important because it can be linked to heterogeneous
economic fundamentals across country pairs.

We investigate various economic factors that could
explain the differences in volatility correlations across
countries. We find that neither the relative level of
unexpected growth risk nor the relative country size
significantly affects the correlation between the condi-
tional volatilities of exchange rate fluctuations and con-
sumption growth differentials. However, both the
relative unconditional volatility of expected output
growth and the degree of time-varying volatility are
important determinants. Specifically, higher expected
output growth risk is associated with lower correlations
between consumption and exchange rate volatilities,
while higher overall volatility risk across countries
tends to reduce the volatility disconnect. Lastly, we
observe that the volatility disconnect phenomenon is
also evident in emerging markets, where volatility cor-
relations are positive and exceed level correlations,
although they remain below one.

In order to explain our empirical findings, we investi-
gate a widely adopted approach to modeling market
incompleteness by restricting the set of tradable securi-
ties in international financial markets (Lustig and Ver-
delhan 2019). As established in prior literature, this
framework can successfully account for the level dis-
connect between macroeconomic fundamentals and
exchange rates. Importantly, we show that this setting
is unable to explain the disconnect of second moments.
This shortcoming is closely tied to the degree of time
variation in the level correlation, which we can directly
measure from the data. This finding is significant
because it indicates that a richer risk-sharing model,
beyond what is implied by power utility, is required to
better align the second moments of macroeconomic
variables and exchange rates.

The main objective of our subsequent economic anal-
ysis is to explain these novel empirical facts through the
lens of an equilibrium model that links the volatilities
of macroeconomic fundamentals and exchange rates—
hence the term (dis)connect. Specifically, we consider a
real foreign exchange economy with two countries,
each endowed with a stochastic supply of a country-
specific good. The domestic and foreign endowments
are cointegrated and are subject to expected growth
and volatility shocks. The representative agents in the

two countries trade in a frictionless manner in the
goods and financial markets.

The agents’ preferences are specified by the utility
function of Epstein and Zin (1989). They feature a bias
for the consumption of home good, and further, are cal-
ibrated so that the agents dislike the long-run variance
of their consumption streams. When news shocks hit
the economy, agents have an incentive to trade to
reduce the uncertainty of their future utility. Specifi-
cally, a country affected by a positive news shock
receives a smaller share of resources and has a lower
volatility of continuation utility going forward at a cost
of a higher short-run consumption volatility.

When news pertains to future expected growth rates,
the international reallocation of resources results in an
exchange of short and long-run consumption volatili-
ties across countries, so that the two variances move in
the opposite direction. We call this force the reallocation
effect. News to output volatility, in contrast, produces a
positive comovement in consumption volatilities across
all countries: shocks to output volatility propagate in
the cross section of countries, with the reallocation
channel only partially mitigating the effects of local
shocks on home consumption volatility.

Our model can account for a mild positive comove-
ment between the volatility of consumption differen-
tials and the volatility of exchange rate fluctuations due
to two opposite forces. Volatility shocks tend to create a
positive correlation between the two volatilities
because they increase the uncertainty about all the vari-
ables in the economy. Long-run shocks, in contrast,
generate a large negative comovement. In a model
without shocks to output volatility (Colacito and Croce
2013), the correlation between the volatility of the
exchange rate and that of the international differential
of consumption growth rates is strongly negative
because of the dominance of the reallocation channel.
In contrast, exogenous output volatility shocks increase
the conditional volatility of all macroeconomic aggregates
and hence endogenously produce positive comovements.
Under our benchmark calibration, these opposite forces
end up producing a positive but moderate correlation
between the volatilities of consumption differentials
and exchange rates.

1.1. Related Literature

Our study is related to a large and growing body of lit-
erature that studies macroeconomic foundations for
international financial markets’ fluctuations (Lustig
and Verdelhan 2007; Pavlova and Rigobon 2007, 2010,
2013; Verdelhan 2010; Hassan 2013; Heyerdahl-Larsen
2014; Della Corte et al. 2016; Farhi and Gabaix 2016;
Hassan et al. 2016, 2023; Mueller et al. 2017; Stathopou-
los 2017). The emphasis on the importance of long-
lasting news for international asset prices is consistent
with the international long-run risks literature (Colacito
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2008, Bansal and Shaliastovich 2013, Colacito and Croce
2013). Colacito et al. (2022) focus on volatility risk shar-
ing in order to explain volatility pass-through across
countries. We adopt a similar model but we highlight a
distinct margin of volatility risks in the data: the volatil-
ity disconnect.

Additionally, recent research has documented the
relevance of second and higher-order moments for cur-
rency dynamics and their relation to economic funda-
mentals. Fernandez-Villaverde et al. (2011) study the
role of time-varying volatility in the context of a small
open economy setting. Compared with their analysis,
we study the comovement of second moments result-
ing from optimal risk-sharing in a multicountry equilib-
rium setting. Zviadadze (2017) extracts a common
stochastic volatility component in the U.S. macroeco-
nomic and financial market data to analyze the link
between the term structure of currency carry trade and
U.S. macroeconomic risk. Berg and Mark (2018) show
that the cross-country high-minus-low conditional
skewness of the unemployment gap is a measure of
global macroeconomic uncertainty which is priced in
currency excess returns. Liu and Shaliastovich (2021)
relate movements in the dollar value and the currency
risk premium to policy-related uncertainty in the
United States. Farhi et al. (2015), Lettau et al. (2014), and
Chernov et al. (2018) study the role of downside risk for
currency risk premia, and Gavazzoni et al. (2012) high-
light the importance of non-Gaussian dynamics of the
stochastic discount factors. Fang and Liu (2021) study
the effect of volatility on exchange rates through inter-
mediary value-at-risk constraints. Naturally, these
studies are part of a broader research which examines
implications of time-varying uncertainty and volatility
for the economic growth and asset prices (Justiniano
and Primiceri 2008, Bloom 2009, Della Corte et al. 2011,
Gilchrist et al. 2014, Jurado et al. 2015, Kollmann 2016).
We contribute to this literature by analyzing the discon-
nect between the volatilities of the exchange rates and
the macroeconomic fundamentals.

Finally, in the paper, we focus on a frictionless risk-
sharing setting with symmetric countries. We regard
the introduction of frictions, heterogeneity, and market
incompleteness into our model as an important direc-
tion for future research in this area (Lustig et al. 2011,
2014; Gabaix and Maggiori 2015; Maggiori 2017; Ready
et al. 2017; Bakshi et al. 2018; Lustig and Verdelhan
2019; Sandulescu et al. 2021). These frictions may be
important in addressing the empirical link with inter-
national capital flows (Gourinchas and Rey 2007,
Gourio et al. 2014).

2. Empirical Evidence
In this section, we examine the empirical evidence on
the comovement between the conditional volatilities of

exchange rates and of the consumption growth differ-
entials across countries. In the spirit of the literature
that investigates a puzzling disconnect between the
level of consumption differentials and the exchange
rates (Backus and Smith 1993), we refer to our findings
as the volatility disconnect in foreign exchange markets."

2.1. Data Description

For our benchmark empirical analysis, we use the cross
section of the following 17 industrialized countries:
Australia, Belgium, Canada, Denmark, France, Ger-
many, Italy, Japan, the Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, the
United Kingdom, and the United States. These 17 coun-
tries are the major advanced economies listed in the
Organization for Economic Cooperation and Develop-
ment (OECD) database. From 1999 onward, the data for
the Eurozone countries are collapsed into a single Euro
unit. In Section 5.2, we additionally consider data and
model implications for a set of emerging markets, such
as Brazil, Chile, China, Colombia, Costa Rica, Czech
Republic, Hungary, India, Indonesia, Israel, Korea,
Mexico, Poland, Russia, South Africa, and Turkey. We
collect the macroeconomic data for these countries
from the OECD database. The macroeconomic data are
seasonally adjusted and real. The exchange rates,
quoted as the U.S. dollar price of the foreign currency,
are from the Global Financial Database. The price-
dividend ratios are from the Morgan Stanley Capital
International (MSCI).

The benchmark sample is quarterly from 1971:Q1 to
2019:Q4.% As is common in the literature, we focus on a
period of substantial financial integration across major
industrialized countries (Quinn 1997, Obstfeld 1998,
Taylor 2002, Quinn and Voth 2008). The sample stops
in 2019 to exclude the impact of economic disruptions
due to the COVID pandemic. In Online Appendix B,
we show that our results are either unchanged or
enhanced when we extend the sample to 2022:Q2 to
include the pandemic period.

Table 1 provides descriptive statistics for the con-
sumption and gross domestic product (GDP) growth
and the real exchange rates against the U.S. dollar
across countries. The mean real consumption and out-
put growth rates are about 2.2% per annum, and their
volatilities average just under 1.9%. Consistent with the
literature, foreign exchange rates are quite volatile,
with the average standard deviation of 11.2% on an
annual basis.

2.2. Foreign Exchange Disconnect

To examine the connection between the foreign
exchange markets and macroeconomic fundamentals,
the literature traditionally considers the correlations
between the levels of consumption growth differen-
tials across countries, AC;; = Ac;; — Acj;, and the real
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Table 1. Summary Statistics

Consumption GDP Exchange rate

Country Mean Standard deviation Mean Standard deviation Mean Standard deviation
Average 2.15 1.87 2.17 1.88 0.30 11.17
Australia 3.13 1.51 3.01 1.77 0.25 10.45
Belgium 1.66 0.94 1.82 1.19 —1.03 12.89
Canada 2.94 1.50 2.67 1.59 —0.45 6.16
Denmark 1.53 3.54 1.85 212 0.50 11.15
Euro 1.14 0.73 1.38 1.20 -0.23 9.98
France 2.08 1.31 2.05 1.09 0.81 11.48
Germany 1.79 1.79 1.88 1.89 1.16 12.65
Italy 1.74 1.50 1.59 1.68 0.46 11.01
Japan 2.20 2.36 2.28 2.21 0.98 12.28
Netherlands 1.81 1.91 2.20 2.19 1.27 12.40
New Zealand 291 2.73 2.86 3.33 0.34 11.84
Norway 2.63 2.21 2.31 2.51 —0.77 10.81
Portugal 2.32 2.72 243 2.34 1.74 11.70
Spain 1.86 1.84 222 1.55 —0.73 11.69
Sweden 1.83 2.62 2.07 222 —0.80 11.05
Switzerland 1.58 0.94 1.66 1.59 1.40 12.34
United Kingdom 2.61 2.15 2.00 1.81 0.14 10.04
United States 2.96 127 2.77 1.56

Notes. This table shows summary statistics for consumption growth, GDP growth, and change in real exchange rate, respectively. Average refers
to simple averages of key moments for the 17 countries. Macroeconomic variables are real and seasonally adjusted. Exchange rates are real.

Means and standard deviations are annualized in percentages. Quarterly observations are from the 1971:Q1-2019:Q4 sample.

exchange rates Ae;; ; defined as the value of currency j
in units of currency i:

plevel,ij = Corr(Aéij,tr Aeij,t) Vi# ] (21)

Kollmann (1991) and Backus and Smith (1993) find that
such correlations are small in the data, contrary to clas-
sical models of foreign exchange markets in which
exchange rate changes are perfectly correlated with
consumption growth differentials. We show the evi-
dence for these bilateral correlations in the right panel
of Table 2.

Specifically, for every country i in our sample, we
tabulate the average of the Backus-Smith correlations
with the remaining N — 1 countries, ﬁZ] £iPlecel, 7 A3
well as the first and fourth quintiles of the correlation
distributions. Consistent with the literature, the
Backus-Smith correlations are essentially zero in our
sample.

We take the next step and examine the comovements
between the conditional volatilities, as opposed to the
levels, of consumption growth differentials and the
exchange rates. To measure the conditional volatility of
the variable of interest, z;, we consider the following
econometric specification:

zi = (1l —p) +pziq +e7@%n,,

01(z) = u (1 =v) +vo;_1(z) + 0y w;. (2.2)

The shock 7, represents a Gaussian innovation to the
level of z;, and o4(z) is the logarithm of its latent stochas-
tic variance. In what follows, we refer to o; as either log-
volatility or volatility interchangeably.’ The parameters

p and v govern the persistence of z; and 04(z), y and p,
denote the average level of z; and o(z), respectively,
and o, captures the volatility of a Gaussian volatility
shock wy.

Table 2. Foreign Exchange Disconnect

pvnl plevel
Country Mean First Fourth Mean First Fourth
Average 020 —-0.06 047 0.04 —0.04 0.12
Australia —-0.02 —-0.36 0.24 0.07 —-0.02 0.16
Belgium 0.26 0.02  0.60 0.13 0.04 0.23
Canada 0.14 -0.10 041 0.02 —0.05 0.09
Denmark 031 -0.03 0.59 0.16 0.08 0.22
Euro 0.28 018 045 -011 -0.23 0.05
France 021 -0.15 071 0.06 —0.04 0.17
Germany 026 —0.06 0.56 0.05 —0.04 0.11
Italy 0.11 —-0.04 0.36 0.03 —0.02 0.11
Japan 0.06 —-0.22 030 0.05 -0.01 0.10
Netherlands 027 -0.03 0.62 0.01 -0.07 0.08
New Zealand 0.55 047  0.68 0.16 0.09 0.22
Norway 0.17 -0.04 0.38 0.07 -0.01 0.14
Portugal 029 -0.10 0.53 0.10 0.04 0.17
Spain -0.13 -042 0.05 —-0.04 -0.11 0.04
Sweden 0.03 -022 034 -0.02 -0.09 0.04
Switzerland 0.35 0.08 0.66 0.06 —0.02 0.15
United Kingdom 0.24 0.02 043 0.04 -0.03 0.09
United States 0.15 -0.08 048 —-0.08 —-0.15 -0.02

Notes. This table shows correlations between the levels (p,,,,) and
conditional volatilities (p,,,) of consumption growth differentials and
the change in the real exchange rate, respectively. Mean refers to simple
averages of correlations for each country with the remaining ones. First
and Fourth show the first and fourth quintiles of the correlations,
respectively. Average is the average of the moments across countries.
Quarterly observations are from the 1971:Q1-2019:Q4 sample.
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For any pair of countries i and j, we extract the time-
varying volatility of the consumption differentials
01(Ac;j) and the foreign exchange rate o4(Ae;;), and com-
pute the unconditional correlation between the two:

Poot i = Corr(ar(Aly), or(Aey)) Vi j. (2:3)

The volatility correlations provide an intuitive measure
of the volatility disconnect in foreign exchange markets:
Close-to-one correlations indicate a high degree of con-
nectedness between the volatilities of exchange rates
and the consumption fundamentals, whereas low cor-
relations suggest the disconnect between the two.

To illustrate our empirical evidence, in Figure 1, we
show the scatter plot of our point estimates for the level
and the volatility correlation across countries. The
figure visually confirms that the volatility disconnect is
distinct from the level disconnect in the data. We refer
to this observation as the “disconnect of disconnects”:
In the cross section of country pairs, heterogeneity in
correlation of levels of fundamentals and exchange
rates does not fully explain the heterogeneity in correla-
tion of their conditional volatilities. Formally, although
the regression of level disconnects on volatility discon-
nects reveals a positive and statistically significant
relationship, the cross-sectional variation in level dis-
connects can only explain about 10%-20% of the varia-
tion in volatility disconnects across country pairs.

Our empirical estimates of these correlations across
countries are reported in Table 2. We highlight three
main findings. First, in the majority of the cases, the cor-
relations between the variances are larger than the cor-
relations between the levels of the consumption growth
differentials and the exchange rates; that is, the volatil-
ity disconnect is smaller than the level disconnect. The

Figure 1. (Color online) Level and Volatility Disconnect
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average of all the pairwise volatility correlations is 0.2
relative to 0.04 for the levels. The fourth quintile of the
volatility correlations is 0.47 on average, and it can be as
high as 0.7 for some countries (France, New Zealand,
Switzerland). These estimates are higher than their
level counterparts: The fourth quintile of the average
level correlation is about 0.1, and it is under 0.3 at the
country level.

Second, although the volatility correlations are larger
than the level correlations, they are still quite below
one. This specific value is an important reference point
because typical classical models would predict that
exchange rate and consumption differentials should be
perfectly correlated. In other words, if foreign exchange
rates were proportional to consumption growth differ-
entials in each period and in each state of the world,
both the level and volatility correlations would be equal
to one. In contrast to this theoretical prediction, the con-
ditional volatility of exchange rates is not perfectly con-
nected to the volatility of the fundamentals in the data.
To emphasize the joint findings of a modest but far
from perfect correlation between the volatilities, we
refer to the evidence as “volatility disconnect” in for-
eign exchange markets.

Finally, our data show that there is a substantial
amount of cross-country heterogeneity in the volatility
correlations. Their cross-country first and fourth quin-
tiles are —0.06 and 0.47, respectively. When focusing on
the level correlations, we have a smaller range [—0.04;
0.12]. The quintile ranges get even more extreme for
individual country estimates. In Section 5.1, we link
this cross-sectional heterogeneity in the amount of vola-
tility disconnect to key economic characteristics of our
countries as suggested by our equilibrium model.
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Notes. This figure shows the scatter plot of the average level correlations (p,,,,,) and the average volatility correlation (p,,,) across countries. (Left)
N by N country pairs, where N is the number of countries. (Right) We choose a base country and depict the average results across its remaining
N — 1 country pairs. As a result, we have only N observations. The estimates of the implied linear regression R? are reported in the box. All
results are based on quarterly observations from the 1971:Q1-2019:Q4 sample.
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We implement formal tests to evaluate the statistical
significance of our evidence. Specifically, for each coun-
try separately, we consider its level and volatility corre-
lations across all the remaining countries. We formally
incorporate these moment conditions as a system of
equations in a Generalized Method of Moments
(GMM) setting and run statistical inference that is
sharpened by the cross section.* For each country, we
can thus evaluate the statistical significance of the esti-
mate of the level and volatility disconnect, as well as
the difference between the two.

The results for these formal tests are shown in Table 3.
Across all the countries, we can reject the null hypothe-
sis of perfect correlation between levels or volatilities of
exchange rates and consumption fundamentals. Fur-
ther, although the level correlations are insignificantly
different from zero in half of the cases, the volatility cor-
relations are insignificant only for two countries in our
sample, Australia and Sweden, and are below zero only
for Australia and Spain. With an exception of Australia,
Japan, Spain, and Sweden, the volatility correlations
are above the level correlations. These results remain
unchanged or are enhanced if we include the COVID
shocks (see Online Appendix B).

3. Insights from No Arbitrage

In this section, we consider a fairly general economic
framework that can accommodate elements of market
incompleteness and deviations of the preference

Table 3. Foreign Exchange Disconnect: Statistical Tests

structure from power utility. Both of these margins
have been shown in the prior literature to play an
important role to successfully account for the level of
disconnect between macroeconomic fundamentals and
exchange rates. We use this framework to draw eco-
nomic insights on the disconnect of the second
moments. Specifically, we find that within the power
utility framework, the volatility disconnect critically
depends on the degree of time variation in the level cor-
relation, which we can measure directly in the data.
This finding is significant because it indicates that a
richer risk-sharing model, which goes beyond the
power utility, is required to align the second moments
of macroeconomic variables and exchange rates.

3.1. General Setup

We use m" and m/ to denote the log stochastic discount
factor of the home and foreign country, respectively.
We use “to denote cross-country differences for our
variables of interest; for example, 11 := m" — . Let the
wedge 1,,, be a stochastic process that reconciles the
log change in the real exchange rate, Ae;,1, with the dif-
ference in log stochastic discount factors:

Aeppq = —1ilp + M1+ (3.1)

As is well known in the literature, when markets are
complete, the exchange rate is pinned down by the dif-
ference in the stochastic discount factors at home and
abroad, so that 1,,; =0. To generalize our framework
beyond market completeness, we follow Lustig and

Pool Plevel
Standard Standard
Country Estimate error Hy:p,y=1 Ho:p,, =0 Estimate error Ho:pppu =1 Ho:ppa =0 Ho:puy— Pl =0
Australia —0.02 0.03 0.00 0.45 0.07 0.03 0.00 0.03 0.99
Belgium 0.26 0.01 0.00 0.00 0.13 0.04 0.00 0.00 0.00
Canada 0.14 0.03 0.00 0.00 0.02 0.04 0.00 0.57 0.01
Denmark 0.31 0.02 0.00 0.00 0.16 0.04 0.00 0.00 0.00
Euro 0.28 0.03 0.00 0.00 —0.11 0.03 0.00 0.00 0.00
France 0.21 0.01 0.00 0.00 0.06 0.02 0.00 0.01 0.00
Germany 0.26 0.02 0.00 0.00 0.05 0.03 0.00 0.12 0.00
Italy 0.11 0.02 0.00 0.00 0.03 0.03 0.00 0.31 0.02
Japan 0.06 0.03 0.00 0.10 0.05 0.06 0.00 0.35 0.47
Netherlands 0.27 0.02 0.00 0.00 0.01 0.03 0.00 0.79 0.00
New Zealand 0.55 0.04 0.00 0.00 0.16 0.08 0.00 0.04 0.00
Norway 0.17 0.02 0.00 0.00 0.07 0.03 0.00 0.04 0.00
Portugal 0.29 0.04 0.00 0.00 0.10 0.05 0.00 0.06 0.00
Spain —0.13 0.02 0.00 0.00 —0.04 0.03 0.00 0.13 0.99
Sweden 0.03 0.02 0.00 0.25 —0.02 0.05 0.00 0.73 0.24
Switzerland 0.35 0.02 0.00 0.00 0.06 0.03 0.00 0.10 0.00
United Kingdom 0.24 0.02 0.00 0.00 0.04 0.04 0.00 0.42 0.00
United States 0.15 0.02 0.00 0.00 —0.08 0.04 0.00 0.06 0.00

Notes. This table shows correlations between the levels (p,,,,;) and conditional volatilities (p,,;) of consumption growth differentials and the
change in the real exchange rate, respectively. Estimate refers to the GMM estimate from a system of equations that includes correlations for each
country with the remaining ones. Standard error refers to HAC-adjusted standard errors. We report the p-value for the one-sided test of the null
Hy: p,, =1 against the alternative Hy : p,,, <1 and the two-sided test of Hy : p,,, =0 against Hx : p,,, # 0. Similar tests are performed for the
correlation of the levels. In addition, we report the p-value for the one-sided test for the null hypothesis Hy : p,,; — p,,,,; = 0 against the alternative
Ha 2 P = P < 0- Quarterly observations are from the 1971:Q1-2019:Q4 sample.
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Verdelhan (2019) and assume that international finan-
cial markets are incomplete because international trade
of securities is limited to one-period risk-free bonds.
Although other forms of market incompleteness could
be considered, they are beyond the scope of this analysis.
Using the exchange rate definition in (3.1), this assump-
tion implies that the home agent’s Euler equations are

Et[exp{m’fﬂrl }R?] =1,

Eilexp{m,,}- exp{mf —ml + nt+1}R{] =1, (32

t+1

and the foreign agent’s Euler equations are

Eilexp{m],}R{]1 =1,
Edlexp{n], } - exp{—(m],, —ml,; +n,, )}RI] =1.
(3.3)

Assuming joint log-normality and combining (3.2) and
(3.3) yield the following restrictions on the stochastic
wedge .,

1
COVf[m?—%—l/nHl] = —Ein, ]+ > Vil (3.4)

1
COVt[m{Hr'?m] = —Ein, ] - EVt[nm]' 3.5)

Subtracting (3.5) from (3.4) and using the expression for
the exchange rates in (3.1) allows us to derive a
no-arbitrage restriction that the exchange rates should
be uncorrelated with the wedge:

Covi[Aets1,1m,,4] = 0. (3.6)

This condition trivially holds in a complete markets set-
ting, as in this case 7,,; = 0. When markets are incom-
plete, the wedge is no longer equal to zero in every state
and time period. However, tradability of the risk-free
bonds restricts the comovement between the foreign
exchange rates and the FX wedge to zero.

The equilibrium restriction on the wedge in Equation
(3.6) implies that the variance of the exchange rate can
be written as

VilAer1] = Vilritpa] + Vi, 1 — 2Covi[tits1, 0,441
= Vilritq ] + Vf[nt+]]
- ZCOVt[TTH—l — Aery, 77t+1]
= Vit ] + Viln, ] = 2Viln,4]
= Vi) — Vt[’?t+1]- (3.7)
Because the variance on the left-hand side of the equa-
tion has to be nonnegative, the amount of variation in

the wedge cannot exceed the variance in the difference
in the stochastic discount factors at home and abroad:
Vt[nt+1] < Vilritpa].

Similarly, we can show that the covariation between
the exchange rate and the difference in log stochastic

discount factors is given by
Covi[Aetsr, 1itp41] = Cove[Aeyyq, N1 — Aeiiq]
= Vinq] = Vil

Finally, we define the conditional correlation between
the difference in the log stochastic factors and the FX
wedge:

, _ Covy[ 11141, 1,441
ot NV ] - \/Vt[nt+1]

The no-arbitrage restriction implies that this correlation
is determined by the ratio of the standard deviations of
the wedge and the difference in log stochastic factors:

P — Vf[nt+l]

The ratio on the right-hand side of the equation is non-
negative. Hence, the correlation is nonnegative as well:
P 1, m, t 2 0.

In the next section, we consider a power utility case
and argue that the amount of variation in the level dis-
connect in the data is insufficient to generate plausible
magnitudes of volatility disconnect, even allowing for
market incompleteness.

(3.8)

3.2. Case of Power Utility
When preferences are restricted to power utility, the log
stochastic discount factor differential is proportional to
the difference in consumption growth rates at home
and abroad:

Mg = —9ACi (3~9)

where A1 denotes the log growth rate of consump-
tion differential, and 9 is a measure of the risk aversion
at home and abroad.

In this setting, the conditional Backus and Smith
(level) correlation satisfies

plevel,t = Corrt[AeHl/ A€t+1]
— 8- Vi[Alri] — %Vt[ntﬂ]
\/SZVt[Aém] — Vil VVilAG ]

_ Vi1l
9?Vi[Aéi1]

(3.10)

where the second equality utilizes the no-arbitrage
expressions for the variances and covariances of the
exchange rate developed in the previous section. As the
variance of the wedge rises, the exchange rates become
increasingly unresponsive to economic shocks, and the
level disconnect increases (i.e., the level correlation
declines to zero). Further, the level correlations are
always positive, as the no-arbitrage condition on trad-
ability of the risk-free bonds limits the variation in the
FX wedge.
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Notably, the level correlation is directly related to the
correlation between the stochastic discount factors and
the wedge 7, . Indeed,

1 pz _ Wl

_ - =02 3.11
level, ‘92 i Vt[AatH] 1, n,t ( )

where the last equality follows from the equilibrium
restriction in Equation (3.8). This equation shows that
the time variation in the level correlation is informative
about the time variation in the correlation between the
wedge and the difference in Stochastic Discount Factors
(SDF). As a result, we have a key testable hypothesis: If
we cannot reject the null that the level correlation is con-
stant over time, then we cannot reject the null that the
correlation between the wedge and SDF is constant.

Furthermore, the time variations in these correlations
directly determine the amount of volatility disconnect.
Indeed, we can show that the correlation between the
conditional variance of consumption growth differen-
tials and exchange rate fluctuations (vol correlation) in a
model with time-additive preferences is equal to

_ Cov(Vi[Als1], Vi[Ae1])
Peot = VTV [Derm]) - VVIAGr 1)
Cov(p} v (VilAG1])) — E(Vi[AZ1a))
Cov(piryer 1 Vil ACt1]) + Elpfpe, JV(Vi[At11])
(covariances + V[p7,, - E[(Vi[Aé11])*]
+ (E[p} o )7 - VIVIAG 1DV (Vi[ A4 ])
(3.12)

7

where
covariances := Cov((plzevel/t)z, (VilAéra]))
— (Cov[pE 1 VilAGHA1])

—2-Cov[p Vil A1 1] - E[ P, /]
. E[Vt[A6t+1]]

In Online Appendix C, we provide relevant derivations.
Two things are worth noticing in the volatility corre-
lation equation (3.12). First of all, this correlation does
not directly depend on . Ceteris paribus, this correla-
tion cannot be altered by increasing the coefficient of
risk aversion, unlike other critical moments in the inter-
national finance literature, such as the exchange rate
volatility. Second, if p,,,, , is constant (equivalently, if
Py, is constant), then p,, = 1. In this case, all covar-
iances in Equation (3.12) are equal to zero and
V[plzml,t] =0, which immediately implies p,, = 1.

This is an important result in the international
finance literature because it suggests that if there is not
enough time variation in the Backus and Smith level cor-
relation, the power utility cannot reconcile the evidence

on the volatility disconnect either in complete markets
or with this form of market incompleteness. We con-
sider the empirical evidence on the level correlation
next.

3.2.1. Quantity and Time Variation of Market Incom-
pleteness. Thus far, we have shown that the Backus
and Smith level correlation is driven by the extent of
market incompleteness, as measured by Vi[7,,;]. In
contrast, the volatility correlation reflects the time varia-
tion in market incompleteness as captured by p;, ;-
According to Equation (3.12), when the correlation
between the wedge and consumption growth rates is
nearly constant over time, the volatility correlation is
close to one, in contrast to the data. In what follows, we
show that p,,,,, , is not volatile enough to replicate our
empirical evidence on the volatility correlation. Hence,
in the next section, we focus on a richer risk-sharing
model that departs from power utility.

3.2.2. Can We Reject the Null That py,, ; Is Con-
stant? We test this null hypothesis by estimating a
dynamic conditional correlation (DCC) model as in
Engle (2002). Specifically, we consider the difference
between consumption growth rates and the changes in
exchange rates and use the corresponding standardized
residuals &; = [g;A”’*ACM) gAe""], for all country pairs
(i, US) in our sample, to estimate the parameters a and b
of the correlation model

Qt = (1 —a— b)§+aét,1é;1 + thfl.

Online Appendix A contains additional details of the
estimation methodology.

The first four columns in Table 4 present the esti-
mated parameters along with their associated standard
errors. Notably, we often cannot reject the null hypoth-
esis that one of the two estimated parameters of the
DCC model equals zero. This finding suggests potential
misspecification of the correlation model, possibly lead-
ing to excessive time variation in the estimated correla-
tion dynamics. We further explore this possibility in the
remaining columns of the same table, where we report
the frequency with which we reject at the 5% signifi-
cance level the null hypothesis that the Backus and
Smith level correlation estimated over all nonoverlap-
ping subsamples of size 4, 8, 12, 16, and 20 quarters is
equal to the unconditional correlation (see Online
Appendix A for additional details). A number like 0.04
in the last five columns of Table 4 indicates that we
reject the null hypothesis of equal correlations in 4%
of the subsamples of the size indicated in the corre-
sponding column header. Consistently low values in
these columns imply that the correlations are likely to
be constant. Our results suggest that, in the over-
whelming majority of cases examined, we tend to
reject time-varying correlations, implying that market
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Table 4. Foreign Exchange Disconnect: Model Implications
DCC model TV p,,, rejection rate

Country a SE(a) b SE(b) 4 8 12 16 20
AUS 0.493 (0.000) 0.511 (0.000) 0.047 0.032 0.038 0.033 0.034
BEL 0.678 (0.031) 0.157 (0.041) 0.125 0.118 0.063 0.000 0.000
CAN 0.545 (0.047) 0.000 (0.000) 0.016 0.048 0.032 0.039 0.006
DEN 0.356 (0.050) 0.000 (0.000) 0.021 0.042 0.043 0.022 0.017
EUR 0.642 (0.024) 0.315 (0.028) 0.025 0.000 0.000 0.000 0.000
FRA 0.750 (0.036) 0.000 (0.000) 0.037 0.019 0.000 0.000 0.032
GER 0.661 (0.032) 0.111 (0.019) 0.018 0.048 0.020 0.052 0.075
ITA 0.630 (0.032) 0.234 (0.028) 0.009 0.048 0.059 0.062 0.032
JPN 0.513 (0.043) 0.000 (0.000) 0.041 0.053 0.032 0.022 0.034
NED 0.658 (0.046) 0.000 (0.000) 0.028 0.010 0.010 0.000 0.022
NZL 0.124 (0.030) 0.000 (0.000) 0.038 0.086 0.101 0.222 0.293
NOR 0.513 (0.019) 0.412 (0.025) 0.051 0.046 0.054 0.035 0.043
POR 0.601 (0.034) 0.269 (0.029) 0.037 0.029 0.089 0.113 0.172
ESP 0.656 (0.038) 0.049 (0.011) 0.028 0.074 0.000 0.000 0.018
SWE 0.328 (0.000) 0.672 (0.000) 0.031 0.048 0.054 0.050 0.040
SWI 0.695 (0.026) 0.117 (0.017) 0.031 0.011 0.005 0.006 0.000
GBR 0.364 (0.039) 0.009 (0.003) 0.047 0.016 0.000 0.000 0.000

Notes. The first four columns report the estimated parameters a and b of the DCC model, along with their respective standard errors (SEs) in
parentheses, for each country. The remaining columns labeled “TV p,,, rejection rate” show the proportion of nonoverlapping subsamples (of
sizes 4, 8, 12, 16, and 20 quarters) in which we reject, at the 5% significance level, the null hypothesis that the level correlation remains constant

over time.

incompleteness alone may not fully account for the
observed volatility correlation.

Taking the DCC correlations as given, we can also
compute the volatility correlation in a power utility set-
ting according to Equation (3.12). The results are pre-
sented in Figure 2, where we display the model-implied
volatility correlation for each country (represented by
bars), along with our average estimate obtained in the
previous section (indicated by the dashed horizontal
line).®

Our results imply that the degree of time variation
level correlation is insufficient to reduce enough the
volatility correlation in a model with power utility.
Consistent with this result, we turn our attention to a
richer risk-sharing model, potentially in combination
with an incomplete markets setting.

3.3. General Setting with News Shocks

Now let us extend the economic setting beyond the
power utility case. We write the log stochastic discount
factor as

Mpp1 = —SAC1 — Xir1s (3.13)

where x,,; captures additional changes in marginal
utility beyond the immediate consumption shocks: We
shall refer to the term x,, as a utility wedge that recon-
ciles the SDF that we use in this section with the power
utility SDF. For example, when preferences are defined
as in Epstein and Zin (1989), the term yx,,; is driven by
the news shocks. We assume that the utility wedge dif-
ferential is orthogonal to consumption growth differen-
tials, that is, covs(ACti1, X141) =0, VE.

3.3.1. Level Correlation. Compared with the x;,; =0
case analyzed in the previous section, in a general set-
ting, the level and volatility correlations incorporate the
variation in the utility wedge x;,;. For example, the
covariance between the growth rate of the exchange
rate and the consumption growth differential is

Cov(Aet1,Alty1) = 9 V[ACH1] + Cov(X i, ACti1)
+Cov(1,,1, Alti1)- (3.14)

Accounting for the fact that (i) the first covariance term
is equal to zero by assumption and (ii) the second

Figure 2. (Color online) Model-Implied Volatility Correla-
tion for Each Country: Power Utility and Incomplete Markets
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Notes. The figure shows the correlation of the variances of exchange
rates and of consumption growth differentials implied by Equation
(3.12) for each country pair (7, US) in our data set when we use the
estimates from the Engle (2002) DCC model (see Online Appendix
A). The dashed horizontal line refers to our average estimate of the
correlation of variances obtained using the methods adopted in Sec-
tion 2.
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covariance term can be rewritten using the no-arbitrage
condition in Equation (3.6), we obtain

R R %4
Cov(Aesi1, A1) = 8- V[ACa] — 4[739”1]
_ Covli, Xi)

J

and hence Backus and Smith level correlation is
8 V[AG1] = §[VIn ] + Cov(n,y, Xi)]
VO VIAG ] + VIE ] - V] VRG]
(3.15)

The variations in stochastic wedges 1 and x both con-
tribute to the level disconnect. Notably, the exchange
rates are disconnected from the consumption funda-
mentals even when markets are complete (1=0).
Indeed, in this case the correlation simplifies to

Plever =

SZV[AatH]
Plevel = 5 N A ’ (316)
\/19 VIACH1] + V[ 141]

Thus, a model with enough volatility of the term {;,,
can reduce the amount of Backus and Smith correlation
below unity, as in Colacito and Croce (2013).

3.3.2. Volatility Correlation. The analysis of the volatil-
ity disconnect in a general model is quite complex as it
needs to account for various covariances between the
FX and utility wedges, squared level disconnects, and
economic fundamentals. To help develop intuition
about the relative roles of the wedges, let us restrict our
attention to the case in which the FX wedge correlation
with the stochastic discount factor is constant:
Pipi,n,t = Pra,y VE We can then show that such forms of
market incompleteness do not affect the volatility dis-
connect, and the utility wedge x has to be the main mar-
gin to explain its magnitude in the data.

Indeed, when the FX wedge has a constant correla-
tion with the stochastic discount factor differential, we
can characterize the covariance between the conditional
variances of the exchange rates and the consumption
differential as follows:

Cov(Vi(Aet1), Vi(Alii1))
= Cov(Vilritn] — Viln, 4] Vi(ACra))

= Cov(Vilihii] = (py, ) Viltfia], Vi(Aéisn)
= (1= (p;,,)") - Cov(Vilitya], ViAérn)).  (3.17)

Further, we can write the unconditional variance of the
variance of the exchange rate as

VIVi(aen)l = (1= (p, ) - V(Viliital).  (3.18)

Combining Equations (3.17)—(3.18) implies that
o CovtVilAi] VilAa )
“ T VVilAera]) - VIVi[Ada])

_ Cov(Vi[iri], Vi(Aleir))
VV(Vilifigal) - VV(Vi(AGri))

9% - V(Vi[Aérs1]) + Cov(Vi[Aéria], Vi(R141))

\/&4 V(Vi[A&i]) + V(Vil£i11])
+ 29%Cov(Vi[A¢a], Vil i) V/V(Vi[Aéra])
(3.19)

Hence, when p;, ., is constant over time, the volatility
disconnect does not depend on the wedge n. Although
such a form of market incompleteness still affects the
level disconnect, its implications for the volatility dis-
connect are equivalent to a complete markets setting.

Can the introduction of the utility wedge by itself
explain the evidence on the volatility disconnect in the
absence of richer dynamics for market incompleteness
(e.g., allowing p,; , , to be time varying)? In the context
of the long-run risks literature that utilizes recursive
utility to generate fluctuations in y, the answer criti-
cally depends on the form of volatility risk faced by the
agents. For example, in the model of currency markets
of Bansal and Shaliastovich (2013), the exchange rate
volatility is related to the time-varying volatility of the
wedge y. However, the innovations to consumption
differential A¢ are homoscedastic, so that the volatility
correlation is zero. Colacito and Croce (2013) feature
time-varying volatilities of the consumption differen-
tials and exchange rates, which endogenously arise due
to international risk sharing. Their model can explain
the level disconnect without relying on market incom-
pleteness. Interestingly, in their model, the correlation
between the conditional variance of A¢;,1 and the con-
ditional variance of {,;,; is roughly equal to —1, in
which case the general expression for the volatility cor-
relation in (3.19) simplifies to

o~ sign(92- VIVITAG D) = VVVilir) ).
(3.20)

In most long-run risk models, the variance of the continu-
ation utility is substantially larger than the volatility of
consumption and hence p,,; = —1, in contrast to the data.
Therefore, a model that can explain the level disconnect
does not automatically replicate the volatility disconnect.
More broadly, our volatility correlation evidence
imposes a novel regularity restriction on the comovement
of the second moments of the components of equilibrium
SDFs that challenges traditional models of international
markets. In what follows, we propose a frictionless
recursive risk-sharing model that is consistent with our
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empirical facts. We leave the full analysis of market
incompleteness, including those with time-varying cor-
relation between the FX wedge and the difference in log
stochastic discount factors, to future research.

4. Equilibrium Model with Recursive

Preferences

In this section, we propose a model of international risk
sharing with recursive preferences and connect it to our
novel evidence on volatility correlation. Furthermore,
we assess the quantitative performance of our model,
demonstrating that a frictionless recursive risk-sharing
scheme can rationalize our empirical findings along
with other features of the foreign exchange data. For the
sake of parsimony, we report only the key aspects of the
model in the main text, referring the reader to Online
Appendix D for a full description of the calibration,
quantitative assessments of model performance, and
details on the risk sharing of level and volatility shocks.

4.1. Setup of the Economy

4.1.1. Preferences, Endowments, and Financial Mar-
kets. We consider an economy with two countries
labeled home () and foreign (f). Each country is popu-
lated by a representative agent. Each agent receives a sto-
chastic endowment of their respective goods, denoted X;
for the home good and Y; for the foreign good. The pre-
ferences of agents in each country are defined over a con-
sumption bundle comprising both goods. Let x} and v
denote the consumption of goods X and Y in country i €
{h,f} at time t. The consumption aggregates in the home
and foreign countries are given by

Cl=("h'™ and C=()"(1)",
where the parameter a > 0.5 represents the bias for
domestic goods, as commonly used in the literature
(Lewis 2011).

Agents’ preferences are specified using the Epstein
and Zin (1989) utility function, defined as
Ly

Uj=[(1-0)-(C)' ¥ +E[(U},)' ] }_/ ie{hf}.
(4.1)

Here, y and ¢ denote the coefficients for relative risk
aversion (RRA) and intertemporal elasticity of substitu-
tion (IES), respectively. This recursive setup, unlike tra-
ditional power utility, allows preferences over the
timing of the resolution of uncertainty. When
y —1/¢ >0, agents have an incentive to balance future
expected utility, E;[V,.1], against future utility risk,
Uf[VHl]. This unique tradeoff, absent in standard pre-
ferences, is essential for analyzing the propagation of
risks in our economy. Because utility U maps one-to-
one with lifetime wealth W ,, we interchangeably refer
to utility as wealth.

Following Colacito and Croce (2013), we model
endowment dynamics to capture economic risks associ-
ated with expected growth and time-varying volatility:

Alog Xy =, +z1,1-1 + e‘“"/zoex,t — Cly_1,

AlogY; = 22,01 + e(’.v'f/zasy,t + ciy_q. (4.2)

Here, ci; = tlog(X;/Y:) with 7€ (0,1) imposes cointe-
gration across countries’ endowments, ensuring the
existence of a well-defined equilibrium. The z; and z,
terms capture persistent fluctuations in expected
growth for home and foreign endowments:

Z]',t = pZ]'/t,1 + ngj,t/ jE {1,2} (43)

We interpret €;,; and ¢, as long-run shocks, whereas
&y, and ¢, ; represent short-run shocks. Short-run vola-
tility, which is time varying, is specified by

0j,t = P,0j,t-1 +0s€ajt, ] €{%,Y}, (4.4)

where p  denotes the persistence of volatility shocks. The
shock vector [e1,1, 2,1, €x,t, €y, t) Eox, 1 €ay,t] 18 jointly log-
normal with mean zero and block-diagonal variance-
covariance matrix X, allowing for cross-country correla-
tion among same-type shocks.

Lastly, we assume that investors in both countries can
trade a complete set of state and date contingent securities.

4.1.2. Solution of the Model. With complete markets,
allocations can be derived by solving the social plan-
ner’s problem. In the decentralized setting, the home
country’s share of wealth, SWC;, is

h h
_Xtpy S
SWEC: = Xi+pYy 1+, (45)

where S; represents the ratio of home and foreign
pseudo-Pareto weights (Colacito and Croce 2013). The
dynamics of S; follow

MGG

Stz t—=1"—F7'"~—F £ s
M dc,

Vi1, (4.6)

where M is the SDF, with M in aggregate consumption
units defined as

. 1 . 1/y—y
, Ci \N#¢/ Ui T
M. =6 f+.1> (%1) @y
o (C; EfUl,]

Equilibrium allocations are fundamentally affected
by the evolution of the Pareto weights. The dynamics of
the ratio determine how resources are distributed
between the home and foreign countries. When a coun-
try receives good news—whether in the form of a posi-
tive level shock or a reduction in uncertainty—its
marginal utility declines, leading to a decrease in its rel-
ative Pareto weight and, consequently, its share of
global consumption.
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This characteristic feature of recursive preferences
plays a central role in the model: Volatility news
directly impacts marginal utilities and, through them,
the international distribution of resources. The intuition
that we illustrate in the remainder of this section is
straightforward: Positive shocks reduce the relative
marginal utility of consumption for the affected coun-
try, causing a corresponding decline in its Pareto
weight. Consequently, the country’s share of global
wealth also adjusts. Recursive preferences ensure that
volatility shocks are priced, and their effects manifest in
the international allocation of resources.

As already established in Section 3, under complete
markets, the log growth rate of the real exchange rate
equals the log difference of the SDFs: Ae; = lothf -
log M.

4.2. Risk Sharing and the Volatility
Disconnect Anomaly

In Table 5, we compare our empirical findings on the
disconnect between exchange rates and consumption
differentials to our simulation results. In the top panel,
we demonstrate that our benchmark model exhibits an
imperfect positive correlation between consumption
growth differentials and exchange rates, consistent
with the data. As in the model with constant volatility,
news shocks are sufficient to disrupt the perfect correla-
tion between consumption differentials and exchange
rates. Consistent with the observation in Colacito and
Croce (2013), in a model with short-run risk, the opti-
mal allocations are very similar for both Epstein-Zin
and Constant Relative Risk Aversion (CRRA) prefer-
ences. Therefore, the rightmost column in Table 5 can
also be interpreted as capturing the case of CRRA pre-
ferences. Not surprisingly, in this setting, the anomaly
of Backus and Smith (1993) re-emerges.

The model with only short-run shocks also delivers a
perfect positive correlation between the conditional volati-
lities of consumption differentials and exchange rates
(bottom portion of Table 5, rightmost column). Interest-
ingly, this correlation switches to large and negative in the
recursive utility model without time-varying volatilities

Table 5. Foreign Exchange Disconnect: Model Implications

(“No TVV” case), which is the model analyzed by Colacito
and Croce (2013). The predictions of both of these
restricted models are inconsistent with the data: Empirical
estimates suggest a positive but weak correlation of about
47% at the upper bound of our confidence interval. Our
full model, however, delivers a positive and mild correla-
tion of approximately 46%, which aligns closely with the
data. These findings underscore the importance of recur-
sive utility and output volatility shocks in resolving the
volatility disconnect anomaly. To explain the economic
mechanisms underlying these results, we consider the
separate impacts of volatility and level shocks on the con-
ditional volatilities of consumption differentials and
exchange rates. These responses are illustrated in Figure 3.

A volatility shock in the home country produces a
positive comovement between the volatility of the
exchange rate and the differential of consumption
growth rates (Figure 3, left). This occurs because both
countries share the risk associated with an increase in
macroeconomic uncertainty. We note that short-run
shocks are largely irrelevant in this context because
they lead to a negligible response in both volatilities,
given that investors” marginal utilities are not particu-
larly sensitive to this type of shock (Figure 3, middle).

In contrast to short-run shocks, in a recursive-utility
environment, a long-run shock to the home country
generates a significant negative comovement between
the two volatilities and reduces their unconditional cor-
relation (Figure 3, right). To explain the origin of this
negative comovement, it is useful to decompose the
variance of the consumption differential growth rate
into its subcomponents:

G2 (Adl,y — Ad,,) = 02(Ad,) + aX(Ad,,)

+

~2:\/oilAdty) - au(Adl,y)
~corri(Act,, Ac; 1) (4.8)

At equilibrium, the conditional correlation of consump-
tion growth rates is almost time invariant.” As a result,
the dynamics of the variance of consumption differen-
tials are primarily determined by the sum of the

Model

Disconnect Data average Benchmark No TVV (0, =0) No LRR (0, =0) SRR only (6, =0, =0)
Levels disconnect
Corr(AE, Ae) 0.04 —0.03 —0.04 1.00 1.00

[—0.04; 0.12]
Volatility disconnect
Corr(at(AZ), o1(Ae)) 0.20 0.46 —0.81 1.00 1.00

[—0.06; 0.47]

Notes. This table shows correlations between the levels or conditional volatilities of consumption growth differentials and the change in the real
exchange rate, respectively. The Data column refers to the estimates and the first and fourth quintile ranges in the data. The model output is
based on the benchmark model and the restrictions of the model to cases of constant volatility (No TVV); excluding the long-run risk (No LRR);
and constant volatility and no long-run risk (SRR only). The entries from the model are obtained from 100 repetitions of small samples.
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Figure 3. (Color online) Impulse Response Functions and Volatility Disconnect
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Note. This figure shows the percentage response of the volatility of consumption growth differentials (dashed line) and exchange rate growth
rate volatility (thick line) to a volatility shock in the home country (left), a short-run shock in the home country (middle), and a long-run shock in

the home country (right).

variances of the consumption growth rates across coun-
tries, as depicted in Figure 4 (left). Because of the con-
vexity of the short-run volatility frontier, the sum of the
variances of consumption growth rates is increasing in
wealth inequality, meaning that it is U-shaped with
respect to the log-ratio of the Pareto weights (Figure 4,
left). Consequently, starting from an equal distribution
of wealth, o;(Acl,; — Ac{ 1) increases on the arrival of a
long-run shock.

Given our assumption of complete markets, the vari-
ance of the exchange rate growth can be decomposed as
follows:

2 2 h 2 h 2
02 (Mera) = o2 (m],, — mlly) = o2(mlly) + o¥(m],)

—2y/ay(m],,) - o,(m]

h
f1) - corry(ml g, ml ).

(4.9)
In a model with long-run growth news, most of the vol-

atility of the stochastic discount rates is driven by the

Figure 4. (Color online) Conditional Volatilities Disconnect
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continuation utilities. Colacito et al. (2022) show that
the utility variance frontier is linear, meaning that the
drop in the conditional volatility of one country’s utility
is almost entirely offset by an increase in the volatility
of the other country. Consequently, o2(m", ,) + o?(n, ;)
is nearly time invariant, and the conditional volatility of
the exchange rate is largely explained by the endoge-
nous time variation in the correlation of the stochastic
discount factors (Figure 4, right).

With recursive preferences, the reallocation prompted
by long-run shocks keeps the continuation utilities of the
two agents aligned, introducing a positive cross-country
comovement of continuation utilities and, consequently,
stochastic discount factors.® Because our utility function
satisfies Inada’s conditions, the strength of the realloca-
tion channel is enhanced when one of the two countries is
small. Equivalently, the correlation of the stochastic dis-
count factors increases with wealth inequality. As a
result, exchange rate volatility exhibits an inverse U-shape

16.5
161
155}
1571
volatility
= = = -fixed correlation
14.5

-1 -0.5 0 0.5 1
log(St)

Notes. (Left) Conditional volatility of the difference between the growth rate of consumption in the home and foreign countries,
oA, — Ac{ +1)- (Right) Conditional volatility of the growth rate of the exchange rate, o;(Aes1). Both volatilities are plotted against the loga-
rithm of the ratio of the pseudo-Pareto weights, S;. Across all cases, both the exogenous long-run components and the exogenous volatility pro-
cesses are fixed at their unconditional mean. In each panel, the solid line refers to the conditional volatility obtained at the equilibrium, whereas
the dashed line refers to the conditional volatility obtained by holding the correlations fixed at their unconditional mean in Equations (4.8)—(4.9).
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with respect to the log-ratio of Pareto weights (Figure 4,
right). Thus, starting from an equal distribution of wealth,
the impulse response of exchange rate volatility is nega-
tive, in sharp contrast to the response of the volatility of
consumption differentials.

In conclusion, the moderate positive correlation of
volatilities observed in our model arises from a composi-
tional effect involving multiple types of shocks. Specifi-
cally, short-run shocks contribute only marginally, long-
run shocks generate a strongly negative correlation,
whereas shocks to the time-varying volatility of endow-
ments produce an even stronger but positive comove-
ment. In equilibrium, these three channels interact to
yield a level of correlation that aligns closely with our
novel empirical evidence, thereby providing a success-
ful explanation for the volatility disconnect anomaly.

5. Additional Empirical Results

In this section, we further investigate the cross-country
drivers of the volatility disconnect. We begin by exam-
ining how country-specific attributes, such as country
size and heterogeneous growth risk, vary with the vola-
tility correlations and show that the model presented in
the previous section successfully replicates these cross-
country patterns. We conclude by demonstrating that
our findings are robust across a cross section of emerg-
ing markets.

5.1. Economic Determinants of the Cross Section
5.1.1. Cross Section in the Data. Given the key ele-
ments in our equilibrium model, we examine the con-
nection between our documented volatility disconnect
and four key characteristics of our countries. First, we
consider the relative size of the country, defined as the
average share of its PPP-adjusted real GDP. Second, we
measure the standard deviation of unexpected growth
shocks. Our third and fourth characteristics correspond
to the country-level standard deviation of expected
growth and volatility news shocks, respectively.

To measure expected growth risk, we adopt a stan-
dard predictive approach in the literature and project a
four-quarter ahead GDP growth in each country on the
local and U.S. price-dividend ratio.” We take the fitted
value from the projection as a proxy for the expected
GDP growth and its unconditional volatility as a mea-
sure of the country’s amount of long-run expected
growth risk. The unconditional volatility of the residual
of the predictive regression is our proxy for the amount
of the unexpected growth risk. To estimate the quantity
of volatility risk, we apply our econometric specifica-
tion (2.2) to the GDP growth in each country. The vola-
tility of the volatility process implied by the estimation,
0w/ V1 —v2, defines our measure of the volatility risk in
each country.

Figure 5 presents illustrative evidence about the rela-
tion between these factors and the amount of volatility
disconnect. Each panel of this figure shows a scatter
plot of the average of correlations between the volatili-
ties of the country consumption growth differential
and of its foreign exchange rate and each of the four
country characteristics. First, the data do not show any
size effect: The relationship between the volatility dis-
connect and country size is effectively flat (Figure 5,
bottom right). The same applies to the amount of unex-
pected growth risk (Figure 5, bottom left). At the same
time, the evidence indicates a positive (negative) associ-
ation between the volatility correlations and the
amount of volatility (expected growth) risk (Figure 5,
top). The relations of the volatility disconnect to the eco-
nomic factors constitute novel empirical facts and are
important targets for our economic analysis.

We use statistical regressions to formally assess the
connections between the volatility disconnect and both
long-run risk and volatility risk. Specifically, we run a
cross-sectional regression of the volatility correlations
between country i and j on a characteristic of interest f:

Corr(oi(Acy), 01(Aey)) = constant + Bf; + Bf; + residual.
(5.1)

In this specification, we use the estimates of the volatil-
ity disconnect between all the country pairs and not just
the average of each country against all other countries
as displayed in Figure 5. This strategy allows us to sig-
nificantly increase the number of observations. Further,
the loadings on country i and j are restricted to be the
same because the correlations are symmetric.'’

We report the loadings on expected growth and vola-
tility risk in Table 6; we exclude size and unexpected
growth risk because they do not feature a significant
relation with the volatility disconnect (Figure 5). Consis-
tent with Figure 5, the volatility correlations load nega-
tively on the expected growth risk and positively on the
amount of volatility risk. Both effects have a sizeable sta-
tistical significance. Our evidence strengthens in the
multivariate speciﬁcation of our regression, that is,
when we simultaneously consider long-run and volatil-
ity risk. As suggested by the regression results, the
amount of expected growth and volatility risk can
explain 15% of the volatility disconnect across countries.

Panel B of Table 6 shows the corresponding evidence
for the Backus and Smith (1993) level correlations. The
level correlations show much weaker statistical relation
to the considered factors. Only a negative effect of
expected growth risk has a ¢-statistic larger than one.

5.1.2. Cross Section in the Model. Given the way in
which we have constructed Figure 5, we analyze the
cross-sectional implications of our model by solving it
using different values for short-run risk, long-run risk,
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Figure 5. (Color online) Economic Determinants of Volatility Disconnect
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Note. This figure shows scatterplots of the average volatility correlations and each of the following four country characteristics: the long-run
expected growth risk; the volatility risk; the unexpected growth risk; and the relative size of the country.

and volatility risk. This is equivalent to running a com-
parative statics analysis with respect to the parameters
0, 05, and o, respectively. The cross section of country
size is obtained by initializing the time zero ratio of
pseudo-Pareto weights (S) to different values. We com-
pare our empirical regressions with the theoretical ones
obtained from our model and depict them in Figure 6.
Consistent with our recursive risk-sharing scheme,
countries featuring more expected growth risk tend to
have a stronger disconnect between their exchange rate

Table 6. Determinants of Foreign Exchange Disconnect

Expected growth risk (t-statistic) ~ Vol risk  (t-statistic) R

Panel A: Vol correlation Corr(a4(ACy), o¢(Ae;))

-0.34 (=3.04) 0.07

0.30 (3.54) 0.07

~0.39 (—3.55) 0.35 @31) 016
Panel B: Level correlation Corr(Acy;, Aeyj)

—0.04 (—1.08) 0.01

0.00 0.02) 0.0

—0.04 (=1.11) 0.01 (0.16) 0.01

Notes. Panel A shows cross-sectional regression results of each
country pair’s volatility correlations (Corr(o¢(AC;),01(Ae;))) and the
expected growth risk and/or the volatility risk. Panel B shows cross-
sectional regression results of each country pair’s Backus-Smith
correlation (Corr(A¢;;, Ae;)) and the expected growth risk and/or the
volatility risk. t-statistics are based on HAC standard errors.

conditional volatilities and the volatilities of their con-
sumption differentials, meaning that corr(o¢(Ae), 6:(Ac))
declines. In contrast, countries facing more fundamental
volatility risk tend to have a smaller disconnect, mean-
ing that corr(o;(Ae), 0(AC)) increases.

As in the data, both short-run risk, o, and our endog-
enous country size variable, S;, play no relevant role.
Equivalently, even though size is an important endoge-
nous determinant of both exchange rate volatility and
consumption differentials volatility, it is irrelevant for
their unconditional correlation. In short, size affects
conditional second moments to a similar extent, and
hence, it does not alter their unconditional correlation.

5.2. Different Cross Section: Emerging
Economies
In this section, we explore our volatility disconnect in
emerging economies. In Table 7, we report our discon-
nect results within this new cross section. Our general
findings continue to hold, meaning that the disconnect
of volatilities is still present, and it is larger than the dis-
connect in levels.

Table 7 highlights substantial variation across coun-
tries in both levels and volatility correlations. For
instance, economies such as Korea and Mexico show
strong correlations in volatilities (p,), suggesting a
heightened sensitivity to global financial shocks,
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Figure 6. (Color online) Economic Determinants of Volatility Disconnect
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Notes. This figure shows scatterplots of the average volatility correlations and each of the following four country characteristics: the long-run
expected growth risk; the volatility risk; the short-run unexpected growth risk; and the relative size of the country. The model fitted line is from
model simulations with different parameter values of the expected growth risk (¢.), the volatility risk (o), or the unexpected growth risk (o),
respectively. The cross section of country size is obtained by initializing the time zero ratio of pseudo-Pareto weights (S) to different values. The
correlations are expressed in terms of deviations from the median country.

Table 7. Foreign Exchange Disconnect: Emerging Economies

Puol Plevel
Standard Standard
Country Estimate error Ho:p,y=1 Ho:p,, =0 Estimate error Ho:p1p0=1 Ho:p1pq =0 Ho: Py = Preves =0
Brazil 0.18 0.07 0.00 0.01 —0.08 0.06 0.00 0.20 0.00
Chile 0.32 0.05 0.00 0.00 —0.03 0.05 0.00 0.55 0.00
China 0.33 0.03 0.00 0.00 —0.05 0.05 0.00 0.29 0.00
Colombia 0.46 0.04 0.00 0.00 0.05 0.05 0.00 0.38 0.00
Costa Rica 0.27 0.04 0.00 0.00 0.04 0.04 0.00 0.24 0.00
Czech Republic 0.51 0.04 0.00 0.00 0.04 0.04 0.00 0.29 0.00
Hungary 0.28 0.05 0.00 0.00 —0.04 0.05 0.00 0.47 0.00
India 0.28 0.02 0.00 0.00 0.07 0.04 0.00 0.05 0.00
Indonesia 0.61 0.09 0.00 0.00 0.00 0.16 0.00 0.98 0.00
Israel 0.39 0.03 0.00 0.00 0.07 0.04 0.00 0.04 0.00
Korea 0.74 0.05 0.00 0.00 0.10 0.18 0.00 0.58 0.00
Mexico 0.49 0.03 0.00 0.00 —0.02 0.07 0.00 0.79 0.00
Poland 0.21 0.05 0.00 0.00 0.03 0.05 0.00 0.61 0.00
Russia 0.49 0.06 0.00 0.00 0.01 0.05 0.00 0.80 0.00
South Africa 0.30 0.03 0.00 0.00 0.01 0.05 0.00 0.75 0.00
Turkey 0.48 0.05 0.00 0.00 0.05 0.10 0.00 0.66 0.00

Notes. This table shows correlations between the levels (p,,,,) and conditional volatilities (p,,) of consumption growth differentials and the
change in the real exchange rate, respectively. Estimate refers to the GMM estimate from a system of equations that includes correlations for each
country with the remaining ones. Standard error refers to HAC-adjusted standard errors. We report the p-value for the one-sided test of the null
Ho: p,, =1 against the alternative Hy : p,,, <1 and the two-sided test of Hy : p,,, =0 against Hx : p,,;, # 0. Similar tests are performed for the
correlation of the levels. In addition, we report the p-value for the one-sided test for the null hypothesis Hy : p,,; — p,,; = 0 against the alternative
Ha 2 Py = P < 0- Quarterly observations are from the 1971:Q1-2019:Q4 sample.
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possibly due to their greater exposure to international
markets. Conversely, countries like Brazil and Chile
exhibit weaker correlations, indicating a degree of insu-
lation from external volatility, potentially reflecting
structural or policy factors unique to these economies.

Overall, these findings reinforce the broader conclu-
sion that, although emerging markets demonstrate lim-
ited connectivity in levels, their volatilities remain
closely linked to external conditions.

6. Conclusion

In this paper, we provide new empirical evidence on
the disconnect between the volatility of consumption
differentials and exchange rates—a puzzling phenome-
non under both frictionless models with CRRA prefer-
ences and recursive preference models, as posited by
Colacito and Croce (2013). By developing a frictionless
general equilibrium model with long-run growth news
shocks, volatility shocks, and two countries populated
by agents with recursive preferences, we demonstrate
that our model captures this empirical disconnect.

Our model also replicates critical patterns in the cross
section of countries, showing that economies with
higher (lower) volatility (long-run risk) display a
reduced disconnect between the conditional volatilities
of their exchange rates and consumption differentials.

Future research should explore extensions of this
framework within international real business cycle
models, enhancing our understanding of how interna-
tional investment flows and frictions shape the trans-
mission of volatility shocks. Investigating the impacts
of trading frictions, portfolio diversification, and mar-
ket incompleteness offers promising avenues to deepen
insights into the global dynamics of volatility.

Acknowledgments

The authors thank the seminar participants at the Midwest
Finance Association 2022 Conference, the European Finance
Association 2022 Conference, the UNSW 2022 Asset Pricing
Workshop, the McGill-HEC Winter Conference 2023, the
Western Finance Association 2023 Conference, the Luiss
Asset Pricing Conference 2023, CIREQ Montreal, Pennsylva-
nia State University, and Notre Dame University and our dis-
cussants Pasquale Della Corte, Ella Patelli, Christian
Heyerdahl-Larsen, Ilaria Piatti, and Moritz Lenel.

Endnotes

T We note that the original Backus and Smith (1993) paper shows
evidence for a lack of correlation between the unconditional volatili-
ties of consumption growth differentials and those of the exchange
rates. Conceptually and empirically, this is different from the vola-
tility disconnect that we study in this paper. Indeed, the empirical
evidence in Backus and Smith (1993) captures an across-country
correlation of unconditional variances (cross-sectional dimension),
whereas the focus of our analysis is a within-country correlation of
conditional volatilities (time series dimension).

2 Because of data availability and quality issues, the data for Bel-
gium, New Zealand, Norway, and Spain start in 1981Q1.

3 Colacito et al. (2022), Cogley and Sargent (2005), and Primiceri
(2005), among others, entertain similar econometric specifications
for macroeconomic volatility and Della Corte et al. (2009) for finan-
cial volatility modeling. We estimate the system of Equations (2.2)
using the Bayesian methods in Kim et al. (1998). We fit our volatility
specification to each country variable separately, and condition our
estimates on the entire history of data. Online Appendix A provides
additional details.

# Using direct first-stage estimates of volatility to conduct subse-
quent statistical inference is a common approach in this literature.
As an alternative, one could estimate a nonlinear state space system
(Schorfheide et al. 2018). Unfortunately, in our multicountry setting,
this procedure would require high-dimensional Bayesian sequential
Monte Carlo methods, which suffer from the curse of dimensional-
ity. We leave the application of these techniques to future research.

5 With stochastic volatility, bonds with maturities beyond one
period are not conditionally log-normal. Extending the analysis to
longer-maturity bonds with time-varying volatility is left for future
research. Here, we adopt the well-established framework of Lustig
and Verdelhan (2019) and use exact pricing for one-period bonds.

© We note that in Table 2, we report a cross-country average of 0.20
for the correlation of the conditional volatilities: Corr(a¢(ACy), 0+(Aey)).
In Figure 2, we focus on the average correlation of the conditional var-
iances, Corr(a,z(Aé,-j),af(Ae,-,-)), which is about 0.15.

7 This correlation is driven by the positive comovement between
the short-run shock of a country and the adjustment in the share of
consumption of the other country. In equilibrium, this correlation
increases modestly in wealth inequality.

8 When a country receives good news for the long run, its utility
increases immediately, reflecting the total discounted impact of the
news. The other country benefits from the international redistribu-
tion of resources, which determines an increase in its share of con-
sumption. Given the persistent nature of the consumption shares,
the other country also experiences an increase in the present value
of its consumption and thus its utility. As a consequence, the extent
of comovement of the continuation utilities (and of the stochastic
discount factors in general) increases.

9 This is similar to the predictive regression approach in Colacito
et al. (2018), Bansal and Shaliastovich (2013), Bansal et al. (2016),
and Colacito and Croce (2011).

1% 1ndeed, Corr(o¢(Acy), 01(Aey)) = Corr(o:(ALj;), 01(Aejr)). Hence, we
restrict the loadings on the domestic and foreign factors to be the
same.
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