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We aim to improve upon the existing empirical literature on international risk sharing
channels under three dimensions. First, we generalize dynamic multi-equation approaches,
by adopting a Heterogeneous Panel VAR model where the coefficients are allowed to vary
across countries. Second, we introduce two new risk sharing channels – government con-
sumption and the real exchange rate – to investigate the role of fiscal policy and interna-
tional price adjustments. Third, we establish a better link between the ”channels”
empirical model and a theoretical formulation of the risk sharing condition, which allows
for PPP violations. Our empirical analysis, for 21 OECD countries over 1960–2018, confirms
the strong smoothing role played by credit markets and the small degree of risk sharing
achieved through factor incomes. Interestingly, government consumption tends to have a
dis-smoothing effect, due to its counter-cyclicality. The real exchange rate is driven by
the dis-smoothing role played by the nominal exchange rate, only partially offset by relative
price adjustments. The evolution of these mechanisms is diverse, but we document the role
played by the deterioration of credit market smoothing for the long-run decline in risk shar-
ing started at the beginning of the century. However, the annihilation of total risk sharing at
the start of the century reflects mostly the nominal exchange rate effect. Our results are
strikingly different across countries, especially if we take into account the (dis-) smoothing
effects occurring through the real exchange rate. Even considering only traditional risk shar-
ing channels, the country-specific magnitude of risk sharing on impact ranges from around
10% to over 50%. In addition, dynamics are also quite diverse across countries.
� 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The growing importance of risk sharing mechanisms in theoretical and policy models has not been paralleled by an
equally developed stream of empirical analyses and testing of such mechanisms. As regards theoretical models, findings
urned to
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on the incompleteness of international risk sharing have steered dynamic stochastic macro-models towards the adoption of
incomplete market set-ups, or the introduction of capital market frictions, or non-tradables. However, little has been
explored empirically in terms of dynamics of the shock absorption mechanisms, arguably of crucial importance in the under-
standing of business cycles. Remarkably little do we know also on the heterogeneity of responses to idiosyncratic shocks,
especially in their impact on consumption smoothing, although heterogeneous-agent set-ups have now become a standard
tool of macro-models. Furthermore, while the quantity anomaly puzzle2 and the international risk sharing puzzle3 have found
explanations – albeit not definitive – with the inclusion of taste shocks or incomplete markets in theoretical models, on the
contrary the Backus-Smith puzzle on real exchange rates4 continues to baffle researchers. As far as shock-absorption policy
is concerned, the identification of multiple decentralization mechanisms of the risk sharing allocation has certainly provided
useful guidance and impulse to the use of automatic stabilizers in Europe or to undertakings like financial integration in Eastern
Asia. However, not all the channels of risk sharing suggested by theory have been explored empirically (the risk sharing role of
the real exchange rate movements being an example5).

In this paper, we try to address these deficiencies by developing a theory-based, heterogeneous dynamic framework to
empirically characterise risk sharing channels.

Our model builds on the vast literature on regression-based risk sharing estimation, which developed in three main
stages. Lewis (1996) and Crucini (1999) implemented a regression-based test on the acceptance or rejection of the null
hypothesis of full risk-sharing, while the successive literature introduced a metric for the measurement of the degree of
international risk sharing achieved. Asdrubali et al. (1996) developed a variance decomposition scheme which breaks down
the overall level of smoothing into different channels (international factor incomes, international transfers, and credit mar-
kets). Asdrubali et al. (1996) and Sørensen and Yosha (1998), followed by many others, adopted a panel SUR set-up to esti-
mate risk sharing, considering output as an exogenous variable. Asdrubali and Kim (2004) introduced a multivariate panel
VAR model, which allows endogenizing output and taking into account the dynamics and feedbacks among the variables.

The methodological contributions of our paper are threefold. First, we generalize the panel VAR approach in Asdrubali and
Kim (2004) by allowing for country heterogeneity in risk sharing, thus providing a country-level breakdown of international
risk sharing mechanisms. As far as we know, this is the first time that heterogeneous panel VAR models are used to estimate
risk sharing.6 To capture the evolutionary patterns of risk sharing we also estimate our models using a rolling window and track
the time-varying behavior of the different smoothing channels. Second, we provide a sounder theoretical foundation to the
channels framework, by linking more closely the empirical model to the risk sharing condition. In particular, our empirical spec-
ification will ultimately relate output growth with private consumption growth, instead of overall – private and government –
consumption growth (as in the standard ”channels” literature). In so doing, we introduce a novel risk-sharing channel, namely
government consumption adjustment. Third, we introduce another smoothing channel – real exchange rate adjustments. This
had not yet been analyzed in a dynamic channels framework, although real exchange rate behavior has often been discussed in
the risk sharing literature and real exchange rate movements empirically dominate changes in other real variables. Further-
more, we decompose this latter channel into the contributions of relative price and nominal exchange rate adjustments. There-
fore, through the smoothing effect of government consumption and of the real exchange rate, we will present a novel
perspective on the role of public expenditure in dampening business cycle fluctuations in OECD countries, as well as on the role
of the real exchange rate on impact and in the long run.

By applying our methodology to a large macroeconomic dataset of 21 OECD countries over the 1960–2018 period, we
attain several goals: First, we estimate a theoretically-founded VAR model to analyze the magnitude and interrelations of
smoothing channels at work within the OECD economies. Second, we generalize the panel VAR approach by allowing for
country heterogeneity in the parameters, as well as for the risk sharing role of government consumption and real exchange
rate adjustments, further decomposed into the relative price and nominal exchange rate adjustments. Third, we use our
methodology to improve upon and update the measurement of risk sharing for OECD countries.

As Kose et al. (2009) point out, the recent literature presents conflicting views on the role of international risk sharing for
advanced economies. While some studies suggest that risk sharing has increased during the recent globalization era (see, for
instance, Sørensen et al., 2007 and Giannone and Reichlin, 2006), or alongside with financial integration, other analyses
found little evidence of increased risk sharing (Kose et al., 2003; Kose et al., 2009; Moser et al., 2005; and Bai and Zhang,
2012). Balli et al. (2013) underline that most of these findings relate to a period of financial upturn fueled by the creation
of the European Monetary Union (EMU). Our approach, applied to a long time span and measuring individual countries’
shock-absorption capabilities, helps to shed light on the different dynamics of risk sharing in the last 60 years, also at country
level. Such dynamics might explain the conflicting results emerging from the risk sharing literature.
2 The quantity anomaly puzzle is the finding that cross-country consumption correlations are not higher than cross-country output correlations, as predicted
by theory.

3 The international risk sharing puzzle is the finding that, by many measures, international risk sharing is not complete, contrary to theory.
4 The Backus-Smith puzzle is the finding that bilateral real exchange rates are not positively correlated with real consumption ratios, contrary to theory.
5 Exceptions include Cole and Obstfeld (1991), Corsetti et al. (2008a), Corsetti et al. (2008b) and Berka et al. (2012). These studies, however, do not

incorporate the real exchange rate in a structured channels framework.
6 There have been studies – such as Mélitz (1999) or Sørensen et al. (2007) – which introduced the idea of varying b coefficients. However, these papers

impose a specific structure on b based on the interaction with control variables and, therefore, only focus on the effect on the risk sharing estimates of these
interacted variables. More recently, Pierucci and Ventura (2010) and Fuleky et al. (2015), provide a single-equation error-correction model which allows for
heterogeneity but cannot identify the risk sharing channels and their dynamics.
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The rest of the paper is structured as follows. In Section 2, we illustrate our channels methodology and empirical results
for the multi-good case, where PPP does not necessarily hold and a role for real exchange rate adjustments is possible. Then,
in Section 3 we present some concluding remarks.

2. Methodology

2.1. Conceptual framework

Consider a world of J stochastic endowment economies, each populated by an infinitely-lived representative agent
exhibiting time-separable Von Neumann–Morgenstern expected utility over a composite (per capita) nondurable consump-
tion good, possibly different across countries. Uncertainty is represented by a state variable st which summarizes history up
to time t, and can take on countably many values at any date t. In this context, a large class of multi-good economic models
featuring unfettered international trade in goods or assets yield the Pareto-optimal (per capita) consumption allocation
described by the so-called ”fundamental risk sharing condition”, linking the (weighted) discounted marginal utility of coun-
try j with that of the aggregate. This condition satisfies for all st and j:7
7 See
8 Thi
9 See

10 Not
11 Gen
12 Not
output
consum
will fall
qj
� �t Uc Cj stð Þ; dj stð Þ

� �
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l� stð Þ ð1Þ
where qj is country j’s factor of time preference, Cj is country j’s (real) consumption basket of domestic- and foreign-
produced goods, dj is a shift parameter (capturing the effect of factors different from consumption affecting utility, such
as tastes, leisure, durables, home production (see Canova and Ravn, 1996), lj is the shadow price of consumption in country

j, asterisks denote the corresponding variables at the (average) world level and Kj� is a time-invariant term.8

Computing the ratio of (1) at two successive dates for country j and the aggregate (per capita) eliminates the time-
invariant term, yielding, for all j and t:� �
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where to economize on notation we adopted the convention x stð Þ � xt . This condition states that at the optimum, the dis-
counted growth of marginal utility – when evaluated in the same units – is the same in every country (and on average),
and given aggregate variables, is independent of individual countries’ endowments. The consequences for country consump-
tion growth (per capita) can be illustrated specifying a constant relative risk aversion (CRRA) utility function.

In this case, using the price ratio – expressed in comparable terms through the nominal exchange rate – as a measure of
the shadow price ratio, a country’s consumption growth (in deviations) will be:90 1
log

Cj
t

Rjt
1=c

Cj
t�1

Rj
t�1

1=c

BB@ CCA� log
C�
t

C�
t�1

¼ 1
c

log
bj
t

bj
t�1

� log
b�
t

b�
t�1

 !
þ logqj � logq�� �" #

ð3Þ
where c is the risk aversion coefficient and bj
t is a multiplicative shock.10

The planner’s optimal risk sharing solution thus prescribes that country consumption growth relative to the world, eval-
uated at ”risk-adjusted” (in the sense that the real exchange rate is powered to 1=c) world prices through the real (effective)

exchange rate Rj
t ¼ P�t e

j
t

Pjt
– net of relative preference shifts and other consumption confounders – must be independent of

idiosyncratic country variables, notably endowment.11 The consequence is consumption smoothing across countries evaluated
at (risk-adjusted) world prices, given the RHS terms in (3). In particular, following an output growth shock, the ensuing real
exchange rate change should elicit a corresponding change in consumption growth, thus smoothing (risk-adjusted) PPP con-
sumption growth. Note the change in perspective brought about by a multi-good context relative to a one-good economy. In
the former, cross-country smoothing should take place not in terms of consumption, but rather in terms of (risk-adjusted)
PPP consumption. In the example above, a real exchange rate depreciation induced by a positive output growth shock must eli-
cit a rise in relative consumption growth, which therefore – unlike relative (risk-adjusted) PPP consumption growth – will not
be smoothed.12
Kollmann (1995) or Cavaliere, Fanelli and Gardini (2008).
s condition allows countries to be initially asymmetric and have different time t endowments.
derivation in Appendix.
e that since the shock is both country-specific and state-specific, imposing the multiplicative form does not cause any loss of generality.
eralizations have been developed to a production economy (Cole and Obstfeld, 1991; Backus et al., 1992; Stockman and Tesar, 1995).
e that the (risk-adjusted) PPP consumption smoothing result is independent of the nature of the shock governing output. For example, should a positive
growth shock cause the real exchange rate to depreciate, consumption growth will rise due to the price effect, thus smoothing (risk-adjusted) PPP
ption growth on the LHS of (3). Alternatively, should a positive output growth shock cause the real exchange rate to appreciate, consumption growth
due to the price effect, again smoothing (risk-adjusted) PPP consumption growth.
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In this model, therefore, the real exchange rate is not only the unit of account that allows the proper valuation of the
national consumption baskets, but it plays the fundamental role of a (further) mechanism to attain international risk sharing.

The diametrically opposite case emerges when the planner cannot shift the consumption goods between countries; in this
case, idiosyncratic risk cannot be shared and the trivial solution is for each country j to simply consume its endowment bas-

ket Yj, so that:13
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2.2. Risk sharing channels

The optimal solution can be decentralized and implemented through several mechanisms, depending on the commercial,
financial and institutional structure of the economy. For example, the existence of complete markets of Arrow-Debreu con-
tingent claims (Arrow, 1964), or a specific set of securities (Duffie and Huang, 1985; Engel and Matsumoto, 2009), allows
economies to implement the full risk sharing solution through portfolio diversification.14 In the classical Lucas (1982) model,
nations pool output endowments in a mutual fund and each nation is allocated consumption in proportion to total world
output.

It has long been recognized, at least since Wilson (1968) and Kenen et al. (1969), that the existence of appropriate supra-
national (federal) tax/transfer mechanisms allows insuring, at least partially, those countries whose income has been hit by a
negative shock, drawing from country incomes hit by a positive shock. The budgets of international organizations like the
IMF, theWorld Bank or the EU collect fromMember States contributions which are at least in part a positive function of their
GNI growth, and transfer to their members subsidies which are, at least in part, a negative function of their GNI growth.15

Risk sharing can also be provided through self-insurance, that is by asset accumulation (saving) and depletion (dissaving)
through (domestic or international) lending and borrowing. Following a positive country output shock, national and inter-
national financial arrangements allow the country to save (and invest) more, thereby smoothing consumption not only over
time but also cross-sectionally. In fact, it can be shown that in a bonds-only economy, where lending and borrowing are the
only means to smooth consumption, under certain assumptions the full risk sharing allocation can be attained approxi-
mately, or provided that the endowment shocks are all transitory (Baxter and Crucini, 1995; Levine and Zame, 2002).

Furthermore, we consider the risk sharing role of domestic government consumption, which can operate as a buffer,
absorbing output shocks before they hit domestic (private) consumption. For example, during a recession, a reduction in gov-
ernment consumption may free resources for private consumption.16 This view of government consumption as a (private)
consumption smoothing channel should be distinguished from modeling government consumption as a public good, included
in the utility function as a component of djt . In case public goods are not separable from private consumption in the utility func-
tion, government consumption may have a different effect on risk sharing: it may drive a wedge between marginal utilities of
consumption across countries, thus altering the optimal risk sharing allocation. For example, after a negative output shock an
increase in the provision of public goods may increase a country’s marginal utility of private consumption, thus jeopardizing its
cross-country equalization. We will control for this and other potential non-separabilities in the utility function in our empirical
model, following Cochrane (1991), Canova and Ravn (1996) and many others.17

In a multi-good framework the optimal risk sharing allocation can be also attained through movements in the real
exchange rate, eliciting international wealth transfers. Cole and Obstfeld (1991) have shown that, for certain restrictive
parameter choices, commodity trade alone can attain the full risk sharing allocation, even in the absence of international
asset markets or international transfers. More generally, they have identified a mechanism that can attain (partial) risk shar-
ing through adjustments in the terms of trade and – depending on its correlation with the terms of trade – in the real
exchange rate.18 In a more general setting, the literature on the international transmission mechanism has identified parameter
configurations (e.g., high elasticity of substitution between domestic and foreign goods and/or temporary nature of the shock)
whereby a productivity-driven output shock would be followed by the depreciation of the real exchange rate and the ensuing
boost to the domestic consumption basket, and parameter configurations (e.g., low elasticity of substitution between domestic
rnative specifications (e.g. Obstfeld, 1993) replace the RHS of (4) either with the growth of current net output (i.e., output minus private investment and
ent consumption), or with the growth of net output’s present value. We prefer not to assume exogeneity of I and G, or impose intertemporal

ing; instead, we allow I, G and intertemporal smoothing to act as endogenous risk sharing mechanisms. As for the production role of I, we already
out in footNote 11 that it can be easily incorporated in our framework, without effect on the implications.
milar mechanism is at work not only through cross-border capital income flows, but also via transboundary labor income flows (see Juessen (2008) and
(2016)).

pirical analyses of risk sharing through international taxes and transfers include Arreaza et al. (1999) and Feyrer and Sacerdote (2013). The risk sharing
he EU budget has been analyzed by Asdrubali and Kim (2008), and that of centralised public European institutions – i.e. the ESFS, the ESFM and the ESM
ilano (2017) and Cimadomo et al. (2020).
s mechanism has been documented by Obstfeld (1994) and Asdrubali and Kim (2009).
ase it is assumed that public consumption is a choice variable in the utility function, standard models imply that it will also need to be smoothed (see
e, 1991 or Canova and Ravn, 1996).
for example Corsetti and Pesenti (2001),Heathcote and Perri (2002), Berka et al. (2012) or Caselli et al. (2020).
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and foreign goods and/or permanent nature of the shock, or a shock limited to tradables) whereby a productivity-driven output
shock would generate the opposite effect.19 Note that, in our empirical analysis, we decompose the real exchange rate adjust-
ments into relative price and nominal exchange rate adjustments, in order to infer the separate roles of these two factors. We
examine for each a purchasing power effect and a price effect on PPP consumption smoothing. The purchasing power effect of
the real exchange rate stems from the change induced in PPP consumption growth directly via the change in the real exchange
rate. The price effect of the real exchange rate stems from the change induced in PPP consumption growth via the change in
consumption.20

The main idea of the ”channels” literature is that there is mileage to be gained in allowing these multiple implementation
mechanisms to operate sequentially, and in exploring their individual and joint contributions to risk sharing. To this purpose,
we maintain a very general setup by not assuming any specific market or institutional structure for the economies, and let
the empirical analysis reveal the extent of risk sharing achieved by each channel. We also refrain from restricting the empir-
ical framework by modelling endogenous frictions leading to market imperfections (such as limited commitment or enforce-
ability). In fact, although we focus on output shocks, we also analyze the risk sharing dynamics arising from 6 other sources
of shocks. In this way, the stylized facts and statistical linkages that we uncover will help shed some light precisely on the
most appropriate market and institutional structure or endogenous market imperfections.

2.3. Empirical model of risk sharing channels

2.3.1. Static specification
For every country j (and for the aggregate), we use the following (per capita) variables: GDP (Gross Domestic Product);

GNI (Gross National Income) = GDP þ NFI, where NFI stands for net factor income21; GDI (Gross Disposable Income) =
GNI þ NIT , where NIT stands for net international transfers22; C þ G (Total Consumption, TC) = GDI � S, where S stands for

national savings23; C (Private Consumption) = TC � G; Rj
t (the real (effective) exchange rate) ¼ P�t E

j
t

Pjt
.

Following Asdrubali et al. (1996), take the following identity:
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where Pt is the price of the consumption basket, Et the nominal exchange rate and eCt ¼ Ct

R1=ct

the consumption basket evalu-

ated at (risk-adjusted) world prices. After taking logs, applying the Dk ¼ 1� Lk operator and taking deviations from cross-

sectional aggregates, multiplying both sides by Dk gdp
j
t and taking expectations and dividing both sides through by

var Dk gdp
j
t

� �
, we obtain a constrained sum of simple regression coefficients:
1 ¼ cov Dk gdpjt ; Dk p�t�Dk pjtð Þ=cð Þ
var Dk gdpjtð Þ þ cov Dk gdpjt ;Dk ejt

1=c� �
var Dk gdpjtð Þ

þ cov Dk gdpjt ;Dk gdpjt�Dk gnijtð Þ
var Dk gdpjtð Þ þ cov Dk gdpjt ;Dk gnijt�Dk gdijtð Þ

var Dk gdpjtð Þ
þ cov Dk gdpjt ;Dk gdijt�Dk cþgð Þjtð Þ

var Dk gdpjtð Þ þ cov Dk gdpjt ;Dk cþgð Þjt�Dk cjtð Þ
var Dk gdpjtð Þ
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1� bj kð Þ ¼ bj
P kð Þ þ bj
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C kð Þ þ bj
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Corsetti et al. (2008a) and Corsetti et al. (2008b).
e that the effects discussed here – involving an impact of real exchange rate adjustments on consumption – differ from the traditional real exchange
ents considered in the international economic literature since the 1930s – focusing on the impact of real exchange rate adjustments on the balance of
ts and output.
factor income is the difference between income inflows and outflows accruing to the residents in a country due to their international net asset holdings
ss-border labor compensation.
international transfers correspond to the net flows of money accruing to residents in a country as a consequence of cross-border financial transfers

t an economic counterpart.
ional savings include not only private savings (by households and firms), but also public savings by the government.
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where lowercase variables are in logs and expressed in deviations from the corresponding (log-difference of the) real world
aggregate. For each country j and for each lag k, the overall risk sharing measure 1� b is decomposed into 6 regression coef-

ficients. The first coefficient on the RHS – bP – represents the slope in a regression of Dk p�
t � Dk p

j
t

� �
=c on Dk gdp

j
t , thus cap-

turing the purchasing power smoothing achieved through relative price adjustments, whereas be gauges the degree of
purchasing power smoothing achieved through adjustments of the nominal effective exchange rate. These two effects result
directly in a different valuation of PPP consumption growth – via changes in the denominators of the PPP consumption terms
in (3) – and hence contribute to its (dis-) smoothing. The third coefficient on the RHS – bF – measures international factor
income risk sharing, namely the percentage of a shock to output growth that is smoothed through cross-border flows of fac-
tor incomes. By the same token, bT measures the percentage of the shock to output growth that is further smoothed by inter-
national current transfers; bC the additional smoothing provided by domestic and international credit markets through asset
increases/decreases; and bG the further amount of smoothing provided by government consumption. Note that the empirical
literature on risk sharing channels has always made the alternative assumption that government consumption is a perfect
substitute of private consumption, and thus is part of the country ”consumption aggregate” – that is, is to be modelled as a
smoothing target, not a smoothing channel; hence, Eqs. (5) and (6) would stop short of the last term. Our set-up instead adds
a smoothing channel via government consumption, allowing for the possibility of imperfect substitutability with private
consumption. In so doing, our framework allows for both roles of government consumption, thereby linking the estimation
model to the theory (couched in terms of private consumption), while maintaining the comparison with previous work.

2.3.2. A heterogeneous panel VAR
Heterogeneous-parameter equation systems are a natural approach to the estimation of the coefficients in (6). However,

static estimators such as in Mélitz (1999) or Sørensen et al. (2007), and single-equation error-correction models allowing for
heterogeneity such as in Pierucci and Ventura (2010) and Fuleky et al. (2015) may fall short of capturing the complex
dynamics of risk sharing channels introduced by Asdrubali and Kim (2004) or Becker and Hoffmann (2006). An advantage
of the VAR is that it provides a complete description of the moments of the data at all leads and lags.24 Hence, the dynamic
risk sharing profile is a function of the VAR parameters. If we were to obtain an estimate of the risk sharing profile from a
sequence of regression equations at different horizons k ¼ 1;2; . . ., the analytic link between the different bk’s for
k ¼ 1;2; . . .would remain blurred. Second, the standard approach leads to consistent estimates of the parameters only if idiosyn-
cratic GDP is exogenous. Since we estimate the VAR in reduced form, all the variables in the RHS are predetermined, which
allows us to tackle the issue of endogeneity. Third, in a VAR set-up we can easily discuss the interactions among risk sharing
channels.

Panel VARs take into account both the cross-sectional and time dimension. We will not restrict the dynamic behavior of
the economies to be the same across countries, but allow for heterogeneity, given that our time dimension T is large enough
and our sample includes several recession periods where the behavior of the different countries has been diverse. Addition-
ally, the sample includes countries from different parts of the world and might be affected by different economic policies.25

In our VAR-based approach, to obtain estimates of risk sharing for any horizon k, we will consider, for each country j, the con-

ditional moments of the vector Xj
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Under standard assumptions, Xj
t has a VAR representation of the form:
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Uj Lð ÞXj
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where Uj Lð Þ ¼ Uj
0 �Uj

1L� . . .�Uj
pL

p satisfies the condition that the roots of det Uj Lð Þ
� �

lie outside the unit circle. Note that

we do not contemplate cointegration. The term ejt is uncorrelated multivariate white noise with a diagonal variance–covari-

ance matrix and the vector dj collects country-specific intercepts.
Asdrubali and Kim (2004) for panel VAR models and Becker and Hoffmann (2006) for panel error correction models (ECM)

assumed that the parameters for all the countries were the same, and pooled all the data to estimate the model. However,
Kalemli-Ozcan et al. (2014) relate the recent collapse in risk sharing of peripheral European Union (EU) countries (namely,
Portugal, Italy, Ireland, Greece and Spain) to the fact that their governments did not save during the expansionary phases of
the business cycle and were not able to borrow on the international markets during the crisis due to the high levels of out-
standing public debt. The great recession and the subsequent sovereign debt crisis in Europe led to an asymmetric behavior
of the different member countries of the EU, and therefore the homogeneous-parameter model could be improved upon by
allowing for country heterogeneity.
aliere et al. (2008) conclude that the lack of risk sharing in Europe found in numerous static studies could be due to the rich dynamic structure
ing consumption streams.
ever, to avoid the curse of dimensionality (see Canova and Ciccarelli, 2013), our starting point will be a panel VAR without dynamic interdependencies
ountries.
en the identity in (6), for every country j and period t, the Dk c

j
t equation can be written as an exact linear combination of the other equations included in

setup and, therefore, does not add any new information to the system but rather induces exact multicollinearity. Hence, we did not include this
in the VAR.
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The econometric tool that allows us to cope with cross-sectional heterogeneity (while keeping the dynamic feedback
among the variables and considering them as endogenous) relies on heterogeneous panel VARs (HVAR).27 The HVAR prop-
erties provide us with guidance on how the individual IRFs should be aggregated to yield the correct aggregate-level IRF
(e.g., we should not use pooled panels). This allows us to discuss risk sharing properties at aggregate level and to properly com-
pare country results with aggregate results. Asdrubali and Kim (2004) compute impulse response functions after a GDP shock
hits the system using homogeneous panel VARs. In this paper we follow their approach for normalizing impulse response func-
tions by the total/cumulated effect of a GDP shock on GDP after 5 years to 100 and rescaling the effect smoothed through each
channel as a ratio to the total effect on GDP. A positive (negative) number is interpreted as smoothing (dis-smoothing). Notice
that since we are using impulse response functions to evaluate risk sharing, we can compute it k lags after a shock is produced,
k ¼ 0;1;2; . . ..

The impulse response functions will be given as the coefficients of the moving average representation of the VAR model.

Denote by Dj
k the matrices of the moving average representation of the system in terms of the structural shocks and by

Dj
k r; sð Þ the element in row r and column s of the matrix Dj

k, for all countries j ¼ 1;2; . . . ; J and for k ¼ 1;2; . . .. A one-off shock

to GDP has a contemporaneous impact on itself given by Dj
0 1;1ð Þ. Similarly, it is straightforward to show that the impact after

1 period is given by Dj
1 1;1ð Þ and, in general, after k periods, by Dj

k 1;1ð Þ. By summing over all the lags from 0 to 1 we obtain
the total effect or long-run impact of a one-off GDP shock onto GDP, that is, by definition the long run multiplier,P1

k¼0D
j
k 1;1ð Þ � m1:1. Likewise, the contribution to consumption smoothing of each of the six channels considered in the

paper is given by Dj
k 2;1ð Þ,. . .,Dj

k 7;1ð Þ.
To compute the share of shocks smoothed by each channel after k lags, we can compute the relative change in each chan-

nel due to a GDP shock normalized by the long run multiplier m1:1. For comparison with the rest of the literature where risk
sharing is measured in the same year as the shock takes place, we take k ¼ 0 and define total risk sharing on impact RS as the
sum of the GDP fractions smoothed through each channel at lag k ¼ 0,
27 See
RS ¼
@ Dp�t�Dp

j
tð Þ=cð Þ

@ej
t;Y

m1:1
þ . . .þ

@ D cþgð Þjt�Dc
j
tð Þ

@ej
t;Y

m1:1
¼

X7
r¼2

Dj
0 r;1ð Þ

m1:1
:

The unsmoothed fraction of the shock at lag k ¼ 0 would be given by:
@Dcjt
@ejt;Y

m1:1
¼ Dj

0 1;1ð Þ
m1:1

�

X5
r¼2

Dj
0 r;1ð Þ

m1:1
:

We can also analyze the dynamics of risk sharing by means of the normalized impulse response function after 1;2; . . . ; k lags.
As an example, denoting total risk sharing after one period by RS1, this would be given by:
RS1 ¼
@ Dp�t�Dpjtð Þ=cð Þ

@ej
t�1;Y

m1:1
þ . . .þ

@ D cþgð Þjt�Dcjtð Þ
@ej

t�1;Y

m1:1
¼

X7
r¼2

Dj
1 r;1ð Þ

m1:1
Then, the HVAR framework and the use of impulse response functions provide a rich description of the risk sharing phe-
nomenon, in terms of channels dynamics and heterogeneity.

2.3.3. Estimation and data
Given that we allow for heterogeneity, the pooled estimator is not consistent (see Pesaran and Smith, 1995 and Rebucci,

2010). Instead of pooling the information and estimating a unique set of parameters, given that T is large enough we will
estimate the model for each country j. Since we are interested in estimating an average impulse response function for the
entire sample, we follow the suggestion by Canova (2007) and compute the impulse response functions for each country
and average them over the cross section. Let x be the vector that collects the population mean parameters and xj the same
vector for the parameters of country j ¼ 1; . . . ; J. Let hk be the impulse response function evaluated at lag k ¼ 1; . . . ;K , a well-
defined, continuous function of the parameters of the system. To simplify the notation, we drop the index k relative to the lag
and make the following assumption regarding the impulse responses across countries at every lag k:
h xj
� � ¼ h xð Þ þ v j

h ð8Þ
where v j
h are iid 0;r2

� �
and represent the deviation of country j’s effect from the ”typical” or average effect. The measure of

global risk sharing for a set of countries, which can be labeled as h, will be computed as the mean group estimator as follows:
Canova and Ciccarelli (2013) for a survey on panel VAR models.
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ĥMG ¼ 1
N

XN
j¼1

h x̂j
� � ð9Þ
and its variance–covariance matrix estimated as:
R̂h ¼ 1
N N � 1ð Þ

XN
j¼1

x̂j � ĥMG

� �
x̂j � ĥMG

� �
0: ð10Þ
Notice that we use the cross section to estimate the common or average effects by pooling the estimators of the impulse
response functions.

We use annual data from National Accounts and CPI for 1960–2018 in our empirical application. The sample of OECD
countries included are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan,
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, and United States. The main
sources of data are AMECO – the annual macro-economic database of the European Commission’s Directorate General for
Economic and Financial Affairs (DG ECFIN) – and the OECD Statistics database since it provides harmonized statistics.

The nominal aggregates have been transformed in real per-capita terms, dividing nominal values by population and the
consumption deflator – the latter taken from the OECD database.

Next, the series in our VAR model have been made stationary by computing their log differences. To build the idiosyn-
cratic shocks of each variable we have computed the difference between each variable and its cross-country weighted aver-
age. In order to construct the averages, we have followed the weighting procedure described in Beyer et al. (2001), where the
aggregation is performed directly on growth rates but using time-varying weights of countries that are given by their relative
share in the aggregate measured in a common currency. Just to define the weights we have used country-wide aggregates
instead of aggregates in per capita terms. In this way, for instance, larger countries like the US have a greater share in the
”world” GDP than smaller countries with higher per capita GDP.

We have then computed real effective exchange rates series for country j as a geometric mean using import and export
weights wi

t for each time t and country i, as follows:28
REERj
t ¼

YN
i¼1;i–j

CPIit � ERj
t=ER

i
t

� �
CPIjt

0@ 1Awi
t

where CPIjt is the Consumer Price Index of country j in year t, and ERj
t is the nominal exchange rate of country j’s currency

against the US dollar at time t, where all the variables are referred to the set of J countries in our OECD sample. Private con-

sumption evaluated at world prices has been computed as Cj
t=REER

j1=c

t .

2.4. Empirical results

Wewill present the results stemming from the effects of shocks to GDP on individual channels and the effects of shocks to
individual channels on GDP and the other channels.

Table 1 shows the individual country and mean-group estimates for the contemporaneous responses of the various chan-
nels to a GDP growth shock. These estimates can be compared to those usually obtained in the literature through the panel
regression approach (such as Sørensen and Yosha, 1998 and Asdrubali and Kim, 2004). Columns 2 to 3 show the effect of the
real effective exchange rates decomposed into the relative price effect (column 2) and the nominal effective exchange rate
effect (column 3). Since we transform the variables and take logs and first differences, what appear in columns 2 and 3 are
adjustments through inflation differentials and nominal exchange rate growth, respectively. Columns 4 to 6 present risk
sharing through the three traditional channels considered in the previous literature. Column 7 introduces private consump-
tion smoothing through the government consumption channel. Column 9 shows total smoothing achieved, comprising real
exchange rate effects, as the sum of all channels. Finally, and for comparison purposes, column 8 shows the sum of smooth-
ing taking place only through the 3 standard traditional channels: the factor market, international transfer and the credit
market channels. Our sample runs from 1960 to 2018.29

A first look at the table indicates that the overall degree of risk sharing over the almost 60 years under exam is far from
perfect, yet not at all negligible (23% of a shock smoothed on average), and that the credit market channel achieves most of
the smoothing. The positive role of the credit market channel is statistically significant for all countries. This does not apply
to the remaining channels, where we cannot reject the absence of smoothing in many cases: risk sharing achieved through
the factor market channel is 1%, while 0% of smoothing takes place through international transfers. These estimates are con-
sistent with most studies on risk sharing covering OECD countries (or a large subset thereof), especially considering that the
rnatively, we could use arithmetic means to define the REER but the computations using geometric means are easier and, since we take logs afterwards,
rves the additivity of the logs of the real effective exchange rates as the sum of the logs of nominal exchange rates and logs of price ratios.
have also estimated the model using data up to 2014 since the real Irish GDP growth rate was above 25% in 2015! The results, not shown for the sake of
remain essentially unaltered for all the countries and are available from the authors upon request.
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Table 1
Country-specific impact risk sharing for the years 1960–2018 - HVAR with CRRA coefficient c ¼ 2. *, ** and *** denote coefficients that are statistically
significant at 10%, 5%, and 1%, respectively.

1960–2018 Rel. price Exch. rate Factor markets Int. transfers Credit Govern. cons. Traditional RS Total RS

Austria 14*** �33* 0 4** 38*** �9** 42*** 14
Belgium 9* �25 5 �3* 65*** �7 67*** 43**
Denmark 13*** 1 �2 2 27** �16* 28*** 26
Finland 7 �65*** �2 �1 72*** �12*** 69*** �1
France 4 5 �3 �1* 35*** �11** 31*** 29
Germany 11*** �33** 2 2* 29*** 0 33*** 11
Greece 7*** 2 1 0 18*** 2 19*** 30***
Ireland 0 14*** 16*** �1 32*** �1 48*** 62***
Italy �6** �1 2 0 15*** �7** 17*** 3
Netherlands 12*** �20* 7 0 34*** �1 40*** 32***
Portugal 18*** �12 �6*** 6*** 15** 3 16** 25*
Spain 10*** �15* 0 1** 12*** �1 12*** 7
Sweden 13** �22 �3 �1 51*** �15** 48*** 24
UK 7 2 1 3** 15*** �1 20*** 27
Australia 13*** �71*** 1 0 46*** �1 46*** �13
Canada 12*** �60*** �2 �1** 54*** �3 51*** �1
Japan 11*** 6 �1 1* 30*** �6*** 30*** 41**
New Zealand 10*** �21 �3 �1 32*** �1 28*** 17
Norway 9*** �22** 4* �2*** 72*** �5** 74*** 56***
Switzerland 7** 17 10 0 37** �2 47*** 69***
US 8** �50* 1* 1 19*** �3** 21*** �24
Mean Group 9*** �19*** 1 0 36*** �5*** 37*** 23*
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comparable degree of traditional risk sharing – excluding government consumption (dis-) smoothing – amounts to 32%.30

Several new findings emerge, however, in relation to the new channels we introduced. First, government consumption plays
on average a dis-smoothing role, amplifying shocks to GDP growth by 5%. Indeed, while a counter-cyclical government con-
sumption might contribute to output stabilization by dampening business cycle fluctuations, such a counter-cyclical policy
action can be detrimental to consumption smoothing via risk sharing. For example, in our sample a negative output shock leads
to an increase in government consumption, which further reduces the resources that the private agents can consume, given the
reduced output growth. Second, there were sound theoretical reasons to expect both a smoothing and a dis-smoothing effect of
real exchange rates. Our results show that, after a positive shock to GDP growth, the ratio of foreign to domestic price level
increases – thus reducing private consumption deflated by relative prices – implying a purchasing power smoothing role of rel-
ative price adjustments equal to 9%; however, the nominal exchange rate appreciates to increase private consumption at (risk-
adjusted) PPP, implying a purchasing power dis-smoothing effect of nominal exchange rate adjustments of 19% on average.31

Overall, the real exchange rate appreciates, thus increasing private consumption at (risk-adjusted) PPP by 10% on average, which
suggests a net dis-smoothing purchasing power effect of real exchange rate adjustments. That is, positive shocks to GDP appre-
ciate the real exchange rate, which directly increases consumption at (risk-adjusted) world prices through PPP conversion.
These results on real exchange rates are consistent with the Balassa-Samuelson hypothesis and Corsetti et al. (2008b), who
report real exchange rate appreciations following US technology shocks.32 Moreover, we show that, while relative prices indeed
play the smoothing role prescribed by standard theory, their effect is more than offset by the volatility of nominal exchange
rates, as suggested by Hess and Shin (2010) and Devereux and Hnatkovska (2020). To deepen our understanding of this result,
we tested our model on the OECD subsample belonging to the euro area. Comparing the results (Table 2) with Table 1 above, we
confirm that on average total risk sharing is higher, rising from 23% to 36%, basically due to the lack of dis-smoothing on average
of the nominal exchange rates for the euro area countries. 33

As for the price effect of real exchange rates through the elasticity of consumption (and saving), it is mainly emerging via
the credit market channel. Since its smoothing level (36%) is higher than in a baseline model without real exchange rate
effects (31%), we can infer that – as a response to the real exchange rate appreciation which follows positive GDP shocks
in our sample – total consumption falls, and savings increase by at most 5%, thus slightly helping smooth (risk-adjusted)
PPP consumption.34 Our results show that – when conditioned on GDP shocks – the negative correlation between private con-
30 For example, Sørensen and Yosha (1998),Balli et al. (2012) or Leibrecht and Scharler (2012).
31 Although the magnitude is large in terms of risk sharing, the changes are not too large in terms of the actual percent changes in each variable. For example,
if the nominal exchange rate depreciates by 0.2% following a 1% GDP increase, our risk sharing measure of the nominal exchange rate channel is 20%.
32 Notice that in our results the ratio of foreign to domestic price level increases but the nominal exchange rate appreciates, and this appreciation leads to the
real exchange rate appreciation. Presumably, positive productivity shocks generate an excess supply that decreases the domestic price level, but it induces
capital inflows, leading to nominal exchange rate appreciation. These offsetting responses of the two real exchange rate components are consistent with the
mixed empirical results that characterize the large literature on the Balassa-Samuelson hypothesis (see Peltonen and Sager, 2009).
33 Full results available upon request.
34 In order to estimate the price effect of relative prices and nominal exchange rate on private consumption, we performed a counterfactual exercise in which
the relative price and nominal exchange rate are assumed not to change in the seven variable model with alternative orderings of the relative price and nominal
exchange rate. From this exercise, we estimated a rather limited impact arising from these second-round effects. The results are not in the paper for the sake of
brevity, but are available upon request. As for the results in a baseline model without a real exchange rate, they are also available upon request.
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Table 2
Mean Group impact risk sharing for Euro Area countries, for years 1960–2018. *, ** and *** denote coefficients that are statistically significant at 10%, 5%, and 1%,
respectively.

1960–2018 Rel. price Exch. rate Factor markets Int. transfers Credit Govern. cons. Traditional RS Total RS

Mean Group 5* 0 1 0 32*** �2*** 33*** 36***

Table 3
Mean group impact risk sharing for a model including TFP as additional variable. *, ** and *** denote coefficients that are statistically significant at 10%, 5%, and
1%, respectively.

1960–2018 Rel. price Exch. rate Factor markets Int. transfers Credit Govern. cons. Traditional RS Total RS

Mean Group 6*** 1 �2 �1 36*** �12*** 33*** 28***
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sumption and the real exchange rate (the so-called Backus-Smith puzzle) disappears.35 When coupled with the result above on
the smoothing role of relative prices, this evidence points instead to a substantial vindication of the Backus and Smith (1993)
risk sharing equation, disrupted only by nominal exchange rate gyrations. To deepen the issue, we reran our model using Total
Factor Productivity (TFP) as the exogenous source of shocks, as assumed in part of the literature. The results for the mean group
estimators, reported in Table 3, show that the degree of total risk sharing increases from 23% to 28%, essentially due to a stron-
ger role of the nominal exchange rate, driving the average effect of this channel to virtually zero. We can tentatively conclude
that GDP growth changes originating in TFP shocks elicit consumption smoothing through the nominal exchange rate.36

Central to our paper, we notice from Table 1 that the degree of risk sharing is strikingly different across countries, which
suggests that modeling heterogeneity is crucial. For total risk sharing by the three traditional channels, the country-specific
magnitude of risk sharing on impact ranges from 12% to 74%. 37 Looking at total risk sharing by all channels (column 9), we
notice an equally wide dispersion, with Ireland Norway and Switzerland above 50% and Canada, Australia and US around 0% (or
below, if we also consider the non-significant negative values). 38

Table 1 also shows heterogeneity across countries in the relative importance of each channel. The credit channel is the
more significant to smooth consumption, as it always cushions, to a greater or lesser extent, GDP shocks; however, it also
exhibits clear heterogeneity in the amount of smoothing achieved. Credit markets smooth at least 50% of shocks in Belgium,
Finland, Sweden, Canada, and Norway, but at most 15% in Italy, Portugal, Spain, and the U.K. We can also see a substantial
heterogeneity in the operation of other channels. The smoothing role of the factor market channel is significantly positive in
Ireland, but significantly negative in Portugal. The smoothing role of international transfers is significantly positive in Aus-
tria, Portugal, Spain and the UK, but significantly negative in Belgium, Canada and Norway. As regards government consump-
tion, it does not help to significantly smooth private consumption in any country, acting counter-cyclically and thus
provoking dis-smoothing in several instances, as indicated by the negative estimates. This is so especially for Denmark, Fin-
land, France and Sweden, with an average dis-smoothing above 10% for the sample period analyzed. The role of relative
prices is positive and significant in almost all countries. However, there is a great deal of heterogeneity in the smoothing
of the nominal effective exchange rates.39 This channel displays a huge dis-smoothing effect in Finland, Australia, Canada
and the US, while it has a considerable positive effect in Switzerland (although not statistically significant) and Ireland. Overall,
the real exchange rate appreciates in some countries (such as the US), implying a negative risk sharing role of real exchange rate
adjustments; but it depreciates in other countries (such as Ireland, Japan, and Switzerland), showing a positive risk sharing role.
While a full analysis of the factors driving risk sharing channels’ effectiveness in each country goes beyond the scope of this
paper, we tested whether the amount of foreign investment increases in countries where private markets play a more important
role in risk sharing. The correlation between the private component of risk sharing and the amount of foreign direct investment
is 0.44, pointing, indeed, to a moderate effect of FDI on the attainment of risk sharing.

To describe the dynamic behavior of risk sharing channels, Fig. 1 shows the estimated impulse response functions.40 Its
first column of graphs documents the average response to a shock on GDP growth of the various risk sharing channels. The
results are normalized by the total effect of a shock cumulated over 5 years as in Asdrubali and Kim (2004). The first graph
in the first column is the response of GDP to a GDP shock.41 The graphs below show the dynamic profile of the different chan-
nels. The results document that most of risk sharing is achieved through the credit market channel, which on impact is able to
35 In fact, a large literature has found that the consumption-real exchange rate correlation is close to zero in most samples. Kollmann (2012), in particular,
explains this pattern with a model embedding a fraction of hand-to-mouth consumers, in line with the interpretation of the risk sharing regression we provided
in footNote 16.
36 Full results available upon request.
37 Full results on individual countries are available upon request.
38 We tested the equality of risk sharing channels across countries using the approach by Canova (2007, Section 8.3.5 Testing for dynamic heterogeneity). We
compared 2 estimators: the mean group estimator – that is consistent both under the null and under the alternative – and the pooled estimator – that is only
consistent under the null and more efficient in this case. The results, available upon request, confirm that the null of homogeneity can be rejected.
39 Notice that some countries share a common currency, the euro, since 1999, while others do not.
40 The dotted lines reported in the plot of the impulse response functions represent 95% confidence intervals computed based on Eq. (10).
41 We estimated the IRFs to a GDP shock with a different ordering of the variables (other than GDP) and the results remain almost unchanged.
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Fig. 1. Mean group impulse response functions (solid line) with 95% confidence intervals (dotted lines) - HVAR with CRRA coefficient c ¼ 2.
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smooth around 30% of the shock, but plays a slightly negative role afterwards. The short-term response of the credit market
channel entails a degree of consumption smoothing that in a permanent income framework would be ”excessive” (see
Asdrubali and Kim, 2004). However, this ”excess smoothness” would be perfectly compatible with a consumption model based
on an isoelastic utility function; in addition, it should be noted that the shock being smoothed here only contains the idiosyn-
cratic component, which could reasonably follow a pattern of intertemporal smoothing different from the overall GDP
innovation.

The factor market and international transfer channels do not seem to provide risk sharing at any horizon, although the
country-specific analysis below will reveal that while this is true for international transfers, the smoothing dynamics of fac-
tor markets is heterogeneous across countries. Also, although government consumption provides dis-smoothing on impact,
it plays a positive role in the second and third years after the shock.42 We detect a significant and positive contribution –
around 10% for a risk aversion coefficient c ¼ 2 – of the relative price channel in the first period but a persistent negative role
afterwards, which becomes significant in the third to the fifth years. Nominal exchange rate adjustments play a negative role in
the first two years.43 The contemporaneous risk sharing responses through purchasing power effects are complemented by the
repercussions of the changes in real exchange rate components on next period’s output (feedback effect) and thus on next per-
iod’s consumption smoothing. This evidence suggests that after a positive output shock, the domestic price level decreases on
impact; while such a decrease contributes to contemporaneous risk sharing, it may also produce further output increases in
successive periods (feedback effect), which in turn would have to be buffered. Conversely, after a positive output shock, the
nominal exchange rate appreciates on impact; while such appreciation reduces contemporaneous risk sharing, it may also pro-
duce an output decrease in the next periods (feedback effect), thereby mitigating the impact of the shock on the output growth
process.

To present a full picture for all the countries and check if heterogeneity is present also in the dynamic behavior of the
channels, Fig. 2, bottom panel, shows the individual impulse response functions of the total amount of risk sharing, obtained
as the sum of the amounts smoothed through each channel. In the horizontal axis we represent the number of years after a
GDP shock hits a country and in the vertical line the total amount of risk sharing in each year. We do not plot confidence
42 To some extent this may be the consequence of intertemporal government budget constraints.
43 Nominal exchange rate appreciation may lead to domestic price falls in later periods.
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Fig. 2. Country-specific impulse response functions of risk sharing channels - HVAR with CRRA coefficient c ¼ 2.
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bands to avoid cluttering. The values at impact bring out the heterogeneity that we saw in Table 1, ranging from �20% to
over 50% in the amount of total risk sharing achieved contemporaneously. In this graph, heterogeneous responses appear
also in later periods. In particular, the heterogeneity in the second period responses is as large as that in the first period.

Fig. 2 also shows impulse response functions for the channels considered; the channels do not behave all alike, with most
of the heterogeneity arising through nominal effective exchange rate changes. In addition, the relative price channel also
shows a substantial heterogeneity. However, we can see that heterogeneity is also present in the remaining channels. The
role of factor markets ranges from smoothing to dis-smoothing depending on the country. The credit market channel always
presents a positive behavior on impact but in subsequent years, we observe some dis-smoothing, which in two-thirds of the
countries substantially offsets the impact smoothing effect. This result is in line with Asdrubali and Kim (2004), but illus-
trates that the dis-smoothing role of the credit market channel only involves some countries. International transfers prac-
tically do not play a role for any country. Government consumption either provokes dis-smoothing on impact or,
alternatively, is ineffective. This means that some governments act counter-cyclically, provoking further dis-smoothing. This
channel exhibits adjustment dynamics in later periods, however only for part of the countries. Overall, we can conclude that
the degree of heterogeneity is remarkable with respect to the nominal effective exchange rate channel, quite high in the rel-
ative price and credit channels, and non-negligible also in factor market and government consumption channels. Only inter-
national transfers do seem to behave similarly for all countries, practically exerting no smoothing.

Since our sample is quite large and includes different periods, risk sharing might have presumably varied over time. In
order to provide a description of the evolutionary pattern of the shock absorption capabilities of risk sharing channels,
we computed rolling-window estimates. The first subsample is the pre-euro period, 1960–1998. We add/remove a year at
the end/beginning of the subsample and repeat the estimation until we reach 2018. For each subsample, we have computed
the mean group impulse response functions. Fig. 3, bottom panel, shows the evolution of total risk sharing using this method.
The horizontal axis shows the end year of each subsample.

From Fig. 3, top panel, we observe that risk sharing through the three traditional channels increased slightly through the
1990s, reaching its maximum in 2001; then, it decreased attaining its minimum in 2012 during the European sovereign debt
crisis. Risk sharing seems to be slightly recovering in the late 2010s.44 We observe a similar pattern – though slightly shifted
44 This is consistent with Sørensen et al. (2007) and Leibrecht and Scharler (2012), who detect a rise in these channels for OECD countries from 1993 to 2003
and from 1988 to 2004, respectively, and with Rangvid et al. (2016), who estimate a sample of OECD countries from 1875 to 2012 using rolling windows.
However, this evolution is not fully consistent with studies (Kose et al., 2009 or Bai and Zhang, 2012) that use different data sources to show a fall in OECD
countries’ risk sharing during the globalization era.
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Fig. 3. Evolution of mean group impact risk sharing (solid red line) with 90% confidence bands (dotted blue line) using a rolling window - HVAR with CRRA
coefficient c ¼ 2.
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downwards – when we add government consumption smoothing. When taking into account the real effective exchange rate
channels, we record a steeper decrease in the extent of consumption smoothing at international prices. Although point esti-
mates remain positive for all subsamples, they are not statistically significant from 2000 to 2012. In the last years, they have
recovered and have become statistically significant again, although the level of total risk sharing is less than one half (for some
subsamples close to one third) of what it was in the initial subperiods. To shed some light on the exact mechanisms underlying
these patterns, Fig. 3, medium and bottom panels, presents the evolution of risk sharing for the different channels. Note that the
three most important risk sharing mechanisms are confirmed to be the credit market, the relative price and the nominal
exchange rate channels. In particular, the deterioration of credit market risk sharing underlies the overall decline in traditional
risk sharing channels. However, the annihilation of total risk sharing at the start of the century reflects mostly the nominal
exchange rate effect. Indeed, in the initial sub-periods, risk sharing via nominal exchange rate adjustments (medium, center)
is around �15%. However, it becomes more negative during the turn of the century, recovering to a certain extent in the most
recent years. The role of relative price adjustment (medium, left) has always been positive; we notice a constant, if slight, reduc-
tion in its effect and in the uncertainty around it, perhaps due to convergence in inflation rates, which have characterized indus-
trial economies in the last 20 years.45 The behavior of risk sharing achieved through international transfers (bottom, left) and
the factor market channel (medium, right) has been close to zero for most periods. Government consumption (bottom, right)
has been relatively stable over time, dis-smoothing around 5% in the last sub-periods. To confirm our conclusions, we traced
the risk sharing evolution for the subsample of countries belonging to the euro area. Fig. 4 illustrates vividly that the dis-
smoothing effect of the nominal exchange rate (EER) is absent. In fact, we cannot distinguish its effect from 0 for all samples.
Additionally, as more data points of the common currency are introduced in the sample, the estimations of risk sharing through
the EER get closer to the 0 line, as suggested.

Our set-up also allows analyzing the effect of shocks to each of the 6 risk sharing channels on GDP growth and on the
other channels. This perspective will not only shed a light on the feedback mechanisms generated by each shock, but will
also uncover patterns of substitutability between channels. The second to seventh columns of graphs in Fig. 1 show the
cross-country average impulse responses to shocks in each channel of risk sharing. Interestingly, the credit market channel
45 The scarce role of real exchange rate adjustments in the first subperiod – resulting from mutually offsetting relative price smoothing and nominal exchange
rate dis-smoothing – is consistent with the results in Sørensen and Yosha (1998) for OECD countries.
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Fig. 4. Evolution of mean group impact risk sharing for Euro Area countries (solid red line) with 90% confidence bands (dotted blue line) using a rolling
window - HVAR with CRRA coefficient c ¼ 2.
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offsets shocks to other risk sharing channels. Shocks to the factor market and international transfer channels are contempo-
raneously offset by an opposite response of the credit market channel. A shock to the government consumption channel is
later offset by the credit market channel. In addition, a positive shock in the relative price leads to a negative response of
nominal exchange rate and vice versa, which may imply that they are substitutes.46

The above results are predicated on a calibrated value of the CRRA coefficient c ¼ 2, which in many empirical analyses is
regarded as a reliable benchmark. Should the value of c be different, we would have different results. Indeed, there is a pre-
cise relation between the value of c and the risk sharing measure attached to the real exchange rate: the values of relative
price risk sharing and nominal exchange rate risk sharing – obtained for c ¼ 2 – must be multiplied by 2=c for values of
c– 2. For example, when c ¼ 1, total risk sharing decreases to 13%, as the dis-smoothing role of the real exchange rate
becomes bigger. When c takes the value of 3, the (dis-) smoothing achieved through the last 2 channels is multiplied by
2/3 and total risk sharing rises up to 26%. Of course, the higher the value of c, the higher the degree of total risk sharing.
Obviously, the relation is not linear as the CRRA coefficient c only affects the relative price and nominal exchange rate
channels.

3. Concluding remarks

We have estimated the degree of risk sharing among industrialized OECD countries using a heterogeneous panel VAR
model that improves upon the treatment of endogeneity of output and appropriately takes into account dynamics and feed-
back among the channels and between the channels and GDP.

Since the restriction of homogeneity does not fit well for all the countries in the sample, we have relaxed this assumption.
Indeed, as pointed out by some authors, such as Kalemli-Ozcan et al. (2014), risk sharing was not homogeneous across major
EU countries during the recent recession and subsequent sovereign debt crisis. Then, the heterogeneous panel VAR model is
more suited to estimate risk sharing among this set of countries.

We have added an additional channel for consumption smoothing that works internally to each country. Government
consumption accounted for 5% of dis-smoothing on average during the sample period. In our multi-good world, we were able
to study the risk sharing behavior of the real exchange rate. Our results show that the real exchange rate provides dis-
46 These results are qualitatively the same when changing the ordering of the variables.
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smoothing, to a degree that is a function of the risk aversion coefficient. Interestingly, the two components of the real
exchange rate react differently to the same output shock: while relative prices do provide risk sharing as implied by theory,
nominal exchange rate adjustments more than offset such price response, delivering a net dis-smoothing effect. This role of
the real exchange rate represents a novelty: while a substantial strand of the empirical literature has analyzed the shock-
absorption properties of the real exchange rate with respect to output,48 very few studies have investigated this role with
respect to consumption.49 In fact, we could distinguish three separate roles for the real exchange rate risk sharing: i) a purchas-
ing power effect, which captures the change in consumption’s purchasing power generated by the real exchange rate variation
ii) a price effect, which captures the effect induced by real exchange rate changes on aggregate expenditures via demand elas-
ticity, and on cross-border flows via valuation effects; and iii) a feedback effect, which represents the changes onto next period’s
output caused by the real exchange rate changes via the price effect.

We also studied the evolution of risk sharing channels over time, and documented the role played by the deterioration of
credit market smoothing for the long-run decline in risk sharing started at the beginning of the century. However, the anni-
hilation of total risk sharing at the start of the century reflects mostly the nominal exchange rate effect. Relative price adjust-
ment has always been positive, but has been declining since the late 90s, perhaps due to convergence in inflation rates. After
a trough in 2012 during the European sovereign debt crisis, overall risk sharing has been slightly recovering in the late 2010s.

This article is essentially an exercise to establish rigorously some stylized facts on risk sharing heterogeneity. Further
research should be directed at investigating the causes underlying such different degrees of risk sharing across countries.
In particular, from a theoretical viewpoint, it would be interesting to disentangle the role of country-specific preference
parameters – embedded in our full risk sharing model as expressed in Eq. (3) – from the role of other factors, not yet encom-
passed in the standard model. From a policy viewpoint, instead, it would be crucial to identify the most important factors
driving a wedge between actual and potential risk sharing capacity, in order to direct future initiatives at the supranational
level.
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