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Abstract

This paper proposes a multi-country approach for the analysis of the interaction between uncer-
tainty and economic activity both within and across economies. It considers two global factors,
labeled “real” and “financial”, and identified assuming different patterns of cross-country correla-
tions of country-specific innovations to output growth and stock market volatility. It is assumed
that only the real factor is required to model cross-country correlations of growth innovations,
but both factors (real and financial) are needed to model cross-country correlations of volatility
innovations. The paper shows that these assumptions are in accordance with stylized facts of the
underlying data and the estimated innovations. The identified factors are then used within a high-
dimensional factor-augmented VAR to quantify the impact and the relative importance of common
and country-specific shocks. It is found that most of the unconditional correlation between volatil-
ity and growth can be accounted for by the two common factors. While unconditionally volatility
behaves countercyclically for all but one of the 32 countries in our sample, once we condition on
the factors the growth-volatility correlation becomes essentially negligible in all countries with the
exception of five emerging market economies. The paper also shows that the share of volatility
variance explained by the real factor and by country-specific growth shocks is relatively small.
Similarly, shocks to the financial factor explain only a small fraction of the country-specific growth
variance. Finally, country-specific shocks are important for domestic volatility and growth, but
have limited spillover effects to other countries.
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1 Introduction

During the global financial crisis, the world economy experienced a sharp and synchronized contraction
in economic activity and an exceptional increase in volatility. Indeed, after the VIX Index (a commonly
used measure of market volatility) spiked during the second half of 2008, world growth collapsed (Figure
1). Since then, in part as a response to this dramatic event, there has been a renewed and strong
interest in the relationship between uncertainty (defined and measured in various ways) and economic

activity over the business cycle.!

Figure 1 QUARTERLY WORLD GDP GROWTH AND VIX INDEX
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NoTE. World GDP growth is a PPP-GDP weighted average of the quarter on quarter GDP growth
(in percent) of 32 advanced and developing economies. See Appendix C for data sources.
It is now well established that empirical measures of uncertainty behave countercyclically in the
United States and in most other countries around the world.? But interpreting this correlation in

economic or structural terms is challenging because the direction of causation can run in both ways.

From a theoretical standpoint, uncertainty can cause economy activity to slow and contract through
a variety of mechanisms, both on the household side via precautionary savings (Kimball (1990)) and
on the firm side via physical frictions (see for instance Bernanke (1983), Dixit and Pindyck (1994) and,

more recently, Bloom (2009)) or financial frictions (Christiano et al. (2014), Gilchrist et al. (2013),

!The ensuing literature is now voluminous. Here we focus on the studies more directly related to our paper. See
Bloom (2014) for a recent survey.
2See, for instance, Baker and Bloom (2013), Carriere-Swallow and Cespedes (2013), Nakamura et al. (2017).



Arellano et al. (2012)).?

But it is also possible that uncertainty responds to fluctuations in economic activity. Indeed, the
theoretical literature highlights numerous mechanisms through which spikes in uncertainty may be the
reflection of adverse economic conditions rather than driving them. Examples based on information
and financial frictions include Van Nieuwerburgh and Veldkamp (2006), Fostel and Geanakoplos (2012),
Ilut et al. (2017), and Tian (2015). Yet, other models stress interaction effects between uncertainty
and financial frictions via an increase in the risk premium (e.g., Christiano et al., 2014, Gilchrist et al.,

2013, Arellano et al., 2012).

In this paper, we propose a multi-country approach to identification and modeling of the interaction
between uncertainty and economic activity, without restricting the direction of economic causation. We
measure uncertainty and activity with realized equity market volatility and GDP growth, respectively.
We assume that uncertainty and activity are driven by two common factors, a “real” and “financial”
factor, as well as country-specific volatility and growth shocks. We identify and estimate the two
common factors by assuming that innovations to volatility and growth have different patterns of
correlations across countries. Specifically we assume that only the real factor is required to model
cross-country correlations of output growth innovations, but both factors (real and financial) are
needed to model cross country correlations of volatility innovations. It is shown that these assumptions
are in accordance with stylized facts of the underlying data and the estimated innovations. We then
estimate the impact of shocks to these factors on country-specific volatility and growth as well as their

importance relative to each other, and to country-specific shocks.

We start by assuming that all growth and volatility series share at least one common factor. This
assumption is consistent with a standard, multi-country capital asset pricing model (CAPM) in which
world technology drives the price and the variance of all country equity claims. To identify this
factor, we further assume that volatility innovations are more correlated across countries than growth
innovations. Technically, we assume strong cross-country dependence of volatility innovations, and
weak dependence of growth innovations (in the sense of Chudik et al., 2011). This is equivalent to

assuming that volatility innovations share at least one further strong common factor as compared

3Pricing frictions and the zero lower bound can amplify the impact of the shock and produce data-congruent comove-
ments between investment and consumption (Fernandez-Villaverde et al. (2011), Basu and Bundick (2017), Born and
Pfeifer (2014)).



Figure 2 CROSS-COUNTRY CORRELATION OF VOLATILITY AND GDP GROWTH
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NOTE. Average cross-country pairwise correlation of volatility (light bars) and GDP growth (dark

bars). The dotted lines correspond to the average pairwise correlations across countries, at 0.58 and

0.27 for volatility and GDP growth, respectively. See section 4 for data sources and measurement of

volatility.
to growth innovations. As the paper shows, under this key assumption, the common factor can be
approximated by world growth, up to an affine transformation. Thus, we label it a ”real” factor.
The key point here is that the identification assumptions apply to a large enough set of countries, as
opposed to a single country considered in isolation. It allows a two-way causality between growth and
volatility innovations at the individual country levels, and only requires the factors to enter the global

economy in a triangular manner. The approach is simple and transparent, and can be applied in other

contexts.

Our main identification assumption is in accordance with patterns of cross-country correlation
that we document in the raw data, as well as formal testing on the cross-country dependence of the
estimated country-specific volatility and growth innovations that we report in the paper. For instance,
Figure 2 exhibits the average cross-country pairwise correlation of volatility and growth. The average
pairwise correlation for the volatility series is more than twice the average for the growth series,
at 0.58 and 0.27, respectively. As we shall see in the paper, we find comparable differences by using
principal component analysis, and even more striking differences when we look at volatility and growth

innovations.*

This evidence suggests that volatility series share additional common factors not shared by the

“Notice here that these patterns are consistent with those documented by Tesar (1995), ?, and Lewis and Liu (2015)
for equity return and consumption growth correlations.



growth series. Under the additional and testable assumption that the volatility series share only
one additional strong common factor, the loading matrix becomes triangular, with country-specific
volatilities load contemporaneously on both factors growth rates, and growth rates loading only on

the first factor.

The interpretation of this second factor is more problematic. It is well known that the international
CAPM has a number of counterfactual predictions, and additional factors are needed to address these
shortcomings. For instance, one could consider adding preference shocks, or altering the information
assumptions, in the basic framework to improve its empirical performance. As we discuss in the
paper, the second common factor in our model could be interpreted as the common jump component
in an international disaster or long-run risk model.” Alternatively, one could also think about the
United States as “small and granular” in global production and consumption (because relatively close
to trade in goods and services), but “large and dominant” in global finance (in the sense that all
volatility series must load onto it as discussed by Chudik and Pesaran (2013) (because of its very deep
and open capital markets). For this reason we shall label it “financial” factor. Nonetheless, the paper
is ultimately agnostic on the deeper economic interpretation of this second factor that we identify from
the data. The approach taken in the paper is to start from the properties of the data without taking

a stance on the specific model that might be generating them.

For each country, we focus on real GDP growth and realized equity market volatility. To measure
economic uncertainty, we build on the contributions of Andersen et al. (2001, 2003) and Barndorfi-
Nielsen and Shephard (2002, 2004), and we compute realized equity price volatility for a given quarter
by using daily stock returns on 32 advanced and emerging economies representing more than 90 percent
of the world economy. In the paper, we consider and discuss several other measures of volatility and
argue that they are either not suitable for the purpose of our analysis or not readily available for a
large collection of countries like the one we use in our analysis. We measure economic activity with

quarterly GDP growth.

The multi-country nature of our framework allows us to investigate a number of different empirical

issues. First, and most importantly, we find that most of the negative correlation between volatility

"Lewis and Liu (2017), show that a disaster risk model with both country-specific and common disaster risk can
generate patterns of equity return and consumption growth correlations across countries consistent with the one we
assume for growth and volatility.



and growth observed in the data can be accounted for by the real and financial factors. While
unconditionally volatility behaves countercyclically for all but one of the 32 countries in our sample,
when we condition on the two factors, the correlation between volatility and growth innovations

becomes essentially negligible in all countries with the exception of five emerging market economies.

Second, the papers shows that, on average, country-specific volatility variance is explained largely
by the financial factor (60%), and the own country-specific volatility shock (30%), and is only marginally
affected by the real factor, or own country-specific growth shock. Thus one could argue that the en-

dogenous component of volatility is small, or, equivalently, that volatility is largely exogenous.

In contrast, country-specific growth variance is mainly explained by own growth shocks (60%), and
the real factor (25%). Even though it has contractionary effects on country-specific growths, shocks to
the financial factor explain only a small fraction (12%) of the country-specific growth variance. This
suggests that shocks to the financial factor can be potentially harmful for growth, although they tend
to occur rather rarely. Finally, shocks to country-specific volatility explain a negligible share of growth

variance.

The paper is related to two different strands of the literature. The first strands acknowledges that
volatility may be endogenous and could be driven by business or financial cycles—see, for instance,
Ludvigson et al. (2015), Clark et al. (2016), Giglio et al. (2016). A key difference relative to these
contributions, is that the common real factor, which is the main source of endogeneity in our factor
model, is common to both macroeconomic and financial variables (GDP growth and equity price
volatility), as opposed being common only to the macroeconomic variables. Also, our identification

strategy is simple and consistent with observable cross-country correlation properties of the data.

A second strand of the literature assumes that uncertainty is exogenous and considers the interna-
tional dimension of the relation between uncertainty and activity, with findings consistent with those
obtained for the United States. For instance, Carriere-Swallow and Cespedes (2013) estimate a battery
of separate small open economy VARs for 20 advanced and 20 emerging market economies in which the
VIX index is assumed to be determined exogenously. Using an unbalanced panel of 60 countries, Baker
and Bloom (2013) provide evidence of the counter-cyclicality of different proxies for uncertainty, such
as stock market volatility, sovereign bond yields volatility, exchange rate volatility and GDP forecast

disagreement. Finally, Hirata et al. (2012) estimate a factor-augmented VAR (FAVAR), with factors



computed based on data for 18 advanced economies, and use a recursive identification scheme in which

the volatility variable is ordered first in the VAR.

While these papers share with ours an international focus, the distinctive feature of our analysis
is to consider a multi-country framework in which countries interact with each other, as opposed to a
set of countries considered in isolation. The FAVAR model used by Hirata et al. (2012) does allow for
interconnected countries through the factors, but it continues to relay on recursive structures at the
country-specific level to identify volatility shocks. In contrast, our identification strategy allows us to
quantify the extent to which country-specific volatility is exogenous as opposed to assuming it from

the outset of the analysis.’

The rest of the paper is organized as follows. Section 2 discusses the model that we propose and the
identification of the two factors. Section 3 extends the analysis to a fully dynamic and heterogeneous
set up. Section 4 discusses the use of realized volatility as a proxy for uncertainty and explains how we
compute it. Section 5 reports key stylized facts of the data, including evidence on the cross-country
correlation structure. Section 6 reports the main empirical results. Section 7 concludes. Proof of our
theoretical derivations and details on the data sources are in the Appendix. Selected country-specific

results are reported in an online Supplement.

2 A Simple Static Factor Model

This section presents a static version of the dynamic model that we use in the empirical analysis and
discuss its identification and interpretation. Omitting any dynamics and deterministic components to
simplify the exposition, we posit the following common factor representation for the contemporaneous

correlation between volatility and growth, for a large number of countries indexed by i:

vie = Nife + ui, (1)

Ayie = 7vift + e, (2)

5As we show in the paper, our multi-country set up can also be viewed as FAVAR model, with the difference that
we allow for a large number of country-specific variables and estimate the factors as cross-country averages of output
growth and volatility.




fori=1,2,...,N,and t = 1,2,...,T. Here, v;; denotes a volatility (uncertainty) measure for country
i, and Ay;; is an economic activity indicator for country ¢ at time t (say, real GDP growth like in
our application, simply called “output” or “growth” for brevity in the paper). The common factor,
ft, is assumed to have mean zero and a finite variance that is normalized to one for simplicity. The
country-specific innovations, u;; and €;, are serially uncorrelated with zero means and finite variances,
but can be correlated with each other both within and between countries. Conditional on the common
factor, f;, therefore, the correlation between u;; and €;; captures any contemporaneous causal relation

between volatility and growth, on which we do not impose any restriction.

This representation is quite general and can be motivated by both theory and empirical evidence.
From a theoretical perspective, one can think of f; as a fundamental factor, such as world technology,
which affects all countries GDP growth rates and country equity price indexes volatilities at the same
time. For example, in a general equilibrium version of the international CAPM with complete asset
markets, f; is world growth and it affects all country growth rates and return volatilities contempora-
neously. While this frictionless general equilibrium benchmark cannot account for typical stylized facts
of country equity returns, it provides a starting point to consider additional shocks and frictions for
empirical modeling purposes.” From an empirical perspective, as we will show below for our sample of
countries, and as documented in the literature, GDP growth and volatility share a large and negative

contemporaneous correlation at the country level, for all countries we consider.

2.1 Identifying the Fundamental Factor through Cross-Country Correlation

In order to identify the innovations u;; and €4, the common factor f;, and the factor loadings A\; and ~;,
of (1)-(2) we need to impose some restrictions. The model (1)-(2) applies to all N countries. Consider
the generic country ¢, like for instance the United States. If we consider the United States in isolation
from the rest of the world, we cannot identify the parameters of the model above, even if f; is assumed

to be known, unless we exclude it from one of the two equations. To see this note that the covariance

"For a more detailed discussion, see, for instance Obstfeld and Rogoff (1996, Chapter 5).



matrix of v;; and Ay, is given by:
7 Uyl i1
0, = ) (3)

This provides three independent restrictions, but the factor model contains four free parameters,

2 2
w1 Us,i

namely, (A;,7;), and (o ). Their identification can be achieved only by imposing at least one

additional exclusion restriction, e.g. either \; = 0 or y, = 0.%

The main idea of this paper is to achieve identification of all model parameters by placing restric-
tions on the degree of cross-country error correlations, namely the contemporaneous correlation of wu
and e over ¢ = 1,2,..., N at a given point in time ¢. The identification strategy that we propose is
general and can be applied to any panel of time series with the same properties of cross-section corre-
lation that we assume. The model could have more factors provided that we consider more observable
variables across countries. However, what is crucial is to look at the whole set of N cross-sectional
units, as opposed to one unit at a time, taken in isolation. As we will shall see, the identification
strategy also requires that N is sufficiently large and no one country is dominant, in the sense defined

by Chudik and Pesaran (2013), and to be made precise below.

To illustrate the strategy, let’s define global volatility and GDP growth by v, ; and A, ¢, respec-

tively, as follows:

N

Vot = Zuolivit, (4)
i—1
N

Afur = Y willy, (5)
i=1

where w; and w; denote two sets of aggregation weights. These weights can be the same or differ for
each variable. To achieve identification, we then make the following assumptions on the factor f, its

loadings (\; and +;), the weights (w; and w;), and the country-specific innovations (u; and €5):

Assumption 1 (Loadings) The factor loadings, \; and ~y;, are distributed independently across i and

8The model (1)-(2) is observationally equivalent to a standard structural vector autoregression model. Thus, it is
subject to the same identification requirement.



the common factors fi, for all i and t, with non-zero means A and v (A # 0 and v # 0), and satisfy

the following conditions:

N N
N N =0(1) and N~'Y 47 =0(1), (6)
i=1 =1
N N
A=Y kA0 and oy =) wiy #0, (7)
=1 i=1

for all N, and as N — oo.

Assumption 2 (Weights) Let w = (wy, w2, ...,wy) and W = (11,02, ...,wx) be N x 1 vectors of
non-stochastic weights with Zfil w; = 1 and Ef\il w; = 1. The growth weights, w, are granular, in

the sense that:

=

W;

1wl

while volatility weights W are left unrestricted, so they may or may not be granular.

wll =01, ), Vi, (8)

= O(N_Q

Assumption 3 (Cross-country correlations) Let the variance-covariance matrices of the N x 1 error
/ /
vectors €1 = (€1¢,€2¢, -, ENt) and Wy = (Uig, Ut ..., unt) be e = var (g¢) and Xy, = var (ug),

respectively, and suppose that:

Omax (EU) = O(N)7 (9)

Qmax(zé) - 0(1) (10)

where 0,,.(A) denotes the largest eigenvalue of matriz A.

Assumption 1 is standard in the factor literature (see, for instance, Assumption B in Bai and Ng
(2002)). It ensures that f; is a strong (or pervasive) factor for both volatility and growth so that it can
be estimated consistently using principal components or the cross-section averages of country-specific
observations (see Chudik et al., 2011). Assumption 2 requires that individual countries’ contribution
to world growth is of order 1/N, while it leaves the volatility weights unrestricted.” This implies that

some country such as the United States could have a relatively large weight in global volatility that

9These weights could be predetermined. They need not be fixed.

10



does not necessarily tend to zero as N — co. These assumptions about the weights are consistent with
the notion that, since the 1990s, world growth has become a progressively more diversified process,
while they leave open the possibility that financial markets have continued to be dominated by the

largest and most developed countries like the United States.

Assumption 3 is crucial for our identification strategy. It states that the volatility innovations are
strongly correlated across countries, while growth innovations are weakly correlated across countries.
Weak cross-country correlation means that, asymptotically, as N becomes large, the average pairwise
correlations across countries of output growth innovations tends to zero, since the largest eigenvalue of
their variance-covariance matrix is bounded in N. On the other hand, strong cross-sectional correlation
means that the largest eigenvalue of 3, grows with the size of the cross-section, N. As we shall see,
this assumption is in accordance with the empirical properties of both the data we use and the residual
that we obtain from the model estimation.'’ The identification of f;, up to an affine transformation,

is set out in the following proposition.

Proposition 1 Under Assumptions 1-3, for N sufficiently large, f; can be identified (up to a scalar

_ N
constant) by Yot = Y ;-1 WiAY;.

Proof. Consider the model defined by (1)-(2) for i = 1,2,...,N. Under Assumption 1-3, and using

the definitions in (4)-(5), the following model can be obtained for the global variables:

Vot = M+ Uwy, (11)

AYotr = vfi+Euwt, (12)
where &,,; = W'e;, and 4, = w'u;. Furthermore
var (Eug) = wEwW < (WW) 0oy () (13)
Thus, under Assumption 3, we have:

var (y1) = O (Ww) =0 (N71), (14)

0Different patterns of cross country correlations have been documented also for consumption growth and equity
returns. See, for instance, Tesar (1995) and Lewis and Liu (2015).

11



and hence:

Eut = O, (N‘1/2> . (15)

Using this in (12), and since v # 0 under Assumption 1, we have:
ft = 7_1Ayw,t + Op <N_1/2> ; (16)

which allows us to recover f; form Ag, ; up to the scalar 1/7. Note that to simplify the exposition we
have assumed f; to have mean zero. In general, where f; might have a non-zero mean, it follows that

ft is an affine function of the global output variable, Ay, ;, up to probability terms of order N 12 m

A few remarks are in order here. First, if we assume that the volatility innovations are strongly
correlated across countries, f; cannot be recovered from v,;. In fact, since g, (3,) = O(N), it
follows that var (4y,:) = w'3,w will generally not converge to zero. Under Assumptions 2 and 3,
only the principal components or cross-section averages of output growth can be used to identify f;
(up to a scalar). Therefore, pooling observations on all volatility variables (or all volatility and growth
variables) and then extracting their principal components would not be appropriate for the identifi-
cation of f;. Second, the difference in the way in which the volatility and GDP growth innovations
are correlated across countries also ensures that we do not end up with a perfect relationship between
vy and Ay, when N become sufficiently large. Third and finally, notice that equation (14) requires

w'w =0 (N *1), i.e., that the weights in the global output measure are granular.

Finally, it is perhaps worth noting that whilst for mathematical precision we need N — oo, in
practice N need not be too large for the theory to work reasonably well. The notion of N — oo, is
best viewed as a counterfactual exercise which considers the extent to which the strength of connections
across units declines with N. In our experience, working with many cross-country panels, N around

30 is often sufficiently large.

2.2 The Financial Factor

In view of condition (9) of Assumption 3, the cross-section of volatility innovations u;; must share at
least one additional strong common factor that is not shared by growth innovations. To accommodate

such a possibility we make the following additional assumption:

12



Assumption 4 The volatility innovations, u;, in equation 1 can also be decomposed into a strong

factor (g:) and a weak country-specific component (n;,), namely

Uit = 09t + Ny (17)

where n;, is a country-specific volatility innovation, which is cross-sectionally weakly correlated.

The above assumption is compatible with (9), and provides a specific factor structure for its

characterization. Under this assumption, letting the variance-covariance matrix of the N x 1 vector

Ny = (N4> Mags - Mve) be By = var (), we have

Qmax (27777) = 0(1)7 (18)
and:
N
N7 07 =0(1), (19)
i=1

which allows us to identify the second strong factor, shared only by the volatility series, from the data.

Proposition 2 Supposed that u; is given by (17) and Assumption 4 holds. Then:

vie = Nife +0ige + 1y, (20)
Ayir = 7ift + i, (21)
and
A
-t Az “1/2
gt 0 (Uw,t 7Ayw’t> + Op (N ) . (22)

Proof. To see this, substitute (16) and (17) into (11) and apply to n,, the same reasoning used in

Proposition 1. =

It is now evident that the assumed, different pattern of correlation across countries of volatility and
growth innovations implicitly provides a restriction on the factor loadings of the growth equations on

the second strong factor g¢, and yields country models that are lower triangular in the factor loading

13



matrix.'t In effect, the fact that a factor is shared by many countries is exploited to identify the
unobserved factors and innovations to volatility and output growth. The key distinguishing feature
of our identification scheme lies in the fact that no restrictions are made at the individual country
levels, but on the cross-section correlation of all countries under consideration. Indeed, it is easy to
see from (20) and (21) that for a given ¢ it is not possible to identify the direction of casualty between
vieand Ay;e, despite its triangular factor specification. But if we consider a set of countries with N
sufficiently large, it is possible to identify f; and g;up to affine transformations under the assumption
that e and 7;; are cross-sectionally weakly dependent, even though for each ¢ the innovations n,;, and

€;+ are correlated.

A second common factor in volatility and growth can be justified by asset pricing models with
preference shocks. '? Our identification assumptions on the cross country correlations of the growth
and volatility innovations, however, imply that GDP growth does not load contemporaneously on
the second factor g;. Such a triangular loading structure is consistent, for instance, with the inter-
national disaster risk models of Colacito and Croce (2011) or Lewis and Liu (2017). Lewis and Liu
(2017), in particular, show that a model with time-varying probability of disaster and both world and
country-specific disaster risk generates patters of cross-country consumption growth and equity return
correlations consistent with the data and the assumptions we made on the correlation across countries
of volatility and growth. In this framework, g; can be interpreted as the common “jump” component
of the model. More generally, we could interpret g; as ‘exuberance’, ‘bubbles’, ‘panics’, consistent
with models in which non-fundamental factors are included in the model to improve empirical asset
pricing performance. An alternative way to to interpret g; is to think about the United States as
“granular” in global production and consumption, but “dominant ” in global financial markets (in
the sense that all volatility series must load onto it as discussed by Pesaran and Chudik (2014)). In
this case, g would simply be the volatility of the dominant market in the world. We remain agnostic
on the interpretation of g; as our main results do not depend on such interpretation. We will return
to the issue of possible dominance of the US in global capital markets when we discuss US specific

results.

171t should be noted here that the triangular structure of factor loadings in our model does not lead to a triangular
(i.e., recursive) structure for the observable variables Ay;: and vi.
12For instance, a preference shock like the one studied by Albuquerque, Eichenbaum, Luo, and Rebelo (2015).

14



2.3 Model Estimation When the Factors are not Observed

used to obtain consistent estimates of the unobservable factors, f; and g, for t = 1,2,...,7. But for
ease of interpretation it is standard to work with the orthogonalized version of the factors. In this
regard, our task is simplified due to the triangular way the factors affect the global variables, Ay
and v, ¢, and the fact that, for sufficiently large IV, the other interaction effects across countries vanish.
Recall that this outcome does not apply if one country is considered at the time (i.e., when N = 1).

Denote the estimated orthogonalized factors by ft and g¢, and write them in terms of f; and g; as:

fi = afAﬂw,t+Op(N_%)

1
g = O‘lgﬁw,t - O‘29Agw,t + Op(N_Q)

and then set ayg=(a14, gy)", such that 771 2?21 f1g: = 0. This yields:

~ T _ _
Qg D1 At

T =2
g Doim1 AV,

9

which is the OLS estimate of the coefficient of Ay, ; in the regression of #; on Ay, ;. The remain-

ing parameters, ay and a1, are determined by requiring ft and g to have unit in-sample standard

deviations:
_ T _
! >t Ayi,t
and
T - T _ _ _
1= a2 t=1 vc%,t <9 D=1 Ayr.%,t 2616 ZtT:1 Voo, t Aot
e Uy B S T B L

Hence

23:1 A?E;,t
9 T
&1 == .
g T - T - _ _ 2
Doie1 Ayi,t Di—1 ”Z;,t . Zz;l Ve, t Auw ¢
T T T

To ensure that f; and g; have zero means, we need to use Ay, ; — Ay, and Uy; — V,, wWhere

Ag, = T71 Zle Ayt and v, =T -1 Zle Uyt in the above formula. These mean corrections will
be applied automatically if intercepts are included in the country-specific models (20) and (21). In

effect g; is the standardized residual from the OLS regression of v,,; on Ay, ;, and as such measures

15



the orthogonalized effect of the second factor (financial) once the effect of the first factor (real or

technological) is filtered out.

In summary, the key feature of our identification strategy is to exploit the differences in degree
of cross-section correlation for the two series of innovations. In the case of Ay, this correlation is
assumed to be weak and hence its effects on the global variable Ay, ; vanish if NV is reasonably large. In
the case of vj;, the cross-country correlation is assumed to be strong and hence #,,; does not vanish even
if the cross section dimension is large. Under these assumptions the matrix of contemporaneous factor
loadings is recursive, and observable and orthonormal factors can be estimated from the data simply by
means of OLS. Importantly, as we shall see below, this identification scheme is in accordance with the
stylized facts that characterize our data as well as existing evidence on the cross country correlations
of consumption growth and equity return data—see, for instance, Tesar (1995), Colacito and Croce

(2011), and Lewis and Liu (2015).

The identification strategy used here is general and can be applied to any panel of time series
with similar cross-section correlation properties. The model could have more factors provided that
we consider more cross sections of variables. What is crucial is to adopt a multi-country approach

covering a large number of countries, as opposed to one unit at a time, taken in isolation.

3 A Multi-country Dynamic Heterogeneous Two-factor Model

Whilst the static model considered so far is helpful for pedagogical purposes, it is likely to be limited in
empirical applications where there are important dynamics, and such dynamics differ across countries,
due to institutional and policy differences across countries. It is particularly important to allow for
dynamic interactions between volatility and growth to allow for lead or lagged effects that might exist.
As we shall see, adding dynamics that differ across countries, while requiring additional regularity

assumptions and derivations, does not alter our main results.

Consider the following first-order dynamics version of the static model given by (20) and (21):

Vit = Gy + @5 110it—1 + P 12AYi -1 + Aife + 0ige + nye, (23)

Ayt = aiy + @i 21Vit—1 + G5 200Yir—1 + Vi ft + €. (24)
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In matrix notation we have:

Zit :ai+¢’izi7t,1+rift+§it, fori=1,2,...,.N; t=1,2,...,T, (25)

where z; = (vy, Ayit), and

a; ; ‘ A 0; ,
a; = Tl e = P Pz , Iy = e = fi s &ir = it . (26)

Qiy bior Pi2o v 0 Gt Eit
The matrix I'; of contemporaneous factor loadings is triangular because, here, we have already imposed
Assumptions 3 and 4. To accommodate the dynamic nature of the model, we now consider the following

assumptions:

Assumption 5 (Innovations) The country-specific shocks, €, are serially uncorrelated (overt), and

cross-sectionally weakly correlated (over i), with zero means, positive definite covariance matrices, 2;,

fori=1,2,...,N.

Assumption 6 (Common factors) The 2 x 1 vector of unobserved common factors, fi = (fi, g¢)', is
covariance stationary with absolute summable autocovariances, and fourth order moments, distributed

independently of the country-specific shocks, €, for all i,t and t'.

Assumption 7 (Factor loadings) The factor loadings \;, 0;, and ; (i.e., the non-zero elements of
I';) are independently distributed across i, and of the common factors, £y, for all i and t, with non-zero

means A, 0, and v, and second-order moments. Further

which is invertible (since v #0).

Assumption 8 (Coefficients) The constants a; are bounded, ®; and T'; are independently distributed
for alli, the support of o (®;) lies strictly inside the unit circle, fori =1,2,..., N, and the inverse of the
polynomial A (L) =372, ALY, where Ay =F (<I>f) exists and has exponentially decaying coefficients,

namely ||Aq|| < Kp', where K is a fized constant and 0 < p < 1.
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Remark 1 The above assumptions represent straightforward extension of the earlier assumptions
made for the static case. The important additional assumption is to control the effects of aggrega-
tion of dynamics across the units by requiring that Ay = E (@f) exists and has exponentially decaying
coefficients. But it is easily seen that this latter assumption holds of if it is further assumed that

sup; E'|®;]| < p < 1, where ||®;]|| is the spectral norm of ®; defined by 0. (P, P;).
We now have the following result for the unobservable factors:

Proposition 3 .Consider the following factor-augmented bivariate VAR model for country i in the

observable 2 x 1 vector z;; = (v, Ayit)/

zi = a; + Pz 1+ Tify + &4, (27)
fori=1,2,...., N, where
a b O A 0 i m
a; = T, e= bR , Ty = B I » & = "
Gy bio1 Piao vi 0 gt Eit

Suppose that Assumptions 5-8 hold, and {z;, fori=1,2,...., N} have started some time before the

start of the observations att = 1. Then

fo = bp T AR+ W g e+ Op (N2, (28)
=1
= b0 (- 2oy "7 O, (N2
gt = g+ V.t ~ Yuw,t +ZCQ,ZZW,1€7€+ ) ’ (29)
(=1

where by and by are fived constants,
N N
Vot = g wivit, Ayt = g WilAYit,  Zwt = (Vuts Alrt) s
i=1 i=1

{w;, fori=1,2,..,N} are fixred weights that satisfy the granularity conditions under Assumption 2,
and CIM and C,M are the first and the second rows of Cp = I‘_IBE, where T' = E (T';), By is defined by

AN (L)=Bo+BiL+ByL?*+ ..., A(L) =302, AL, and Ay = E (®Y), for all i.
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Proof. See Appendix A.1. m

We note here that Cll,f and C’M are the first and second rows of the 2 x 2matrix C, as defined
in Appendix A.1. As shown in Pesaran and Chudik (2014) and Chudik and Pesaran (2015), if slope
heterogeneity is not extreme (i.e., if these matrices of coefficients do not differ too much across coun-
tries) and C; decays exponentially in ¢, the infinite order distributed lag functions in Z,; in the above
propositions can be truncated. In practice, these authors recommend a lag length ¢ equal to TY3,

where T is the time dimension of the panel.

As we noted earlier, f; and g; are identified up to a 2 x 2 rotation matrix. To proceed, we impose
again the normalization restriction that v+ = 6 = 1. Normalization restrictions are innocuous and
do not affect the final estimating equation that identifies the idiosyncratic shocks (which are also of

interest). After truncating the infinite distributed lag functions with p = 1/3, we have

p
fi = Afur Y s+ Oy (N—1/2) : (30)
=1
P 1
gt = Vut— Mot + Z CIQ,ézw,t—Z + Oy (N7§> . (31)
=1

Substituting these approximations in (25) we obtain the cross-section augmented country-specific VAR,

models:

N

p
Vit = Qi + @i 11Vit-1 + G5 198Yie—1 + 00wt + B Al + Z YieZut—0 + i + Op (Nf ) (32)

(=1

P
1
Ay = iy + @i 21Vit—1 + G5 20AYit—1 + 7iAYwr + E C| (Zwi—0 +€it + Op <N 2) (33)
=1

where 3; = A\; — 6;A, and ¥, = (Aic1 ¢ + 0icap). Note that, as before, only Ag, ; is included in the

output growth equation.

The above model can now be estimated consistently by least squares so long as N and T are
sufficiently large. This would yield estimated residuals and the factor loadings 6;, 3;, and v,. But,
as noted in the static case, coefficients might be difficult to interpret due to the possible non-zero

correlation between Ay, ; and .12 A second complication is that the factors depend on lagged

130ne could use the orthogonalized components of Ag,, ; and T,,,; using the Cholesky factor. However, such a procedure
could invalidate the triangular form of I'; applied to the true underlying factors, f; and g;. Also focusing on the

19



variables. It is therefore important to consider an orthonormal transformation that yields orthogonal

factors once the effects of past values of Z, ; are filtered out.

To this end we stack (30) and (31) by T and obtain

f = Ay, +Z.Ci+0, (N‘1/2) , (34)

g = Vu-—AAY,+Z,Co+ 0, (N—W) : (35)

where A}_’w = (Ayw,la Agw,?a ceey Agw,T)/7 Vi = (1_)0.},17 'Dw,27 ey ’Dw,T)Iv and Zw = (TT7 Zw,—la Zw,—l: ey Zu.;,—p)-
Inclusion of 77 in Z,, ensures that the filtered factors have mean zeros. We can now establish the

following proposition.

Proposition 4 The orthogonalized filtered factors, f and g, can be recovered from the data as residuals

of the the following OLS regressions:

Ay, = Z,C+f+0, (N*W) , (36)

Vo = M+Z,Co+840, (N‘W) : (37)

Proof. See Appendix A.2. =

Given the orthogonal factors, f; and §;, and substituting them in (32)-(33), we can compute their

impact and relative importance based on the following regressions:

p
Vit = i+ G 11Vi-1 + Gi1ais1 + B fr + Biande + Y W iBwi—t + Mirs (38)
=1
B p
Ay = iy + @i 21Vit—1+ @i 20AYit—1+ Bior ft + Z Yy itZwi—t + Eit- (39)
=1

Notice here that by construction the OLS estimates of n,; and e; in the above regressions will be
numerically identical to those obtained using the non-orthogonalized factors Ag, and 7,,. It is also
important to note that, since ft and g; are based on residuals from regressions of f; and g on 71

and the lagged values Z, 1, Zu,t—2, ..., Zw,t—p, then it also follows that ft and g; will have zero means

orthogonalized components of Ay, and ¥, ignores the contributions of Z, ¢, for £ = 1,2, ..., p to the estimation of f;
and g;.
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(in-sample) and for a sufficiently large value of p, they are also serially uncorrelated. Therefore, ft and
gt can be viewed as global innovations (or shocks) to the underlying factors, f; and g¢. In Appendix B
we show how to compute impulse responses and variance decompositions to shocks, ft and gy, as well

as shocks to the country-specific innovations, 7;; and ;.

We now turn to the empirical application of the above dynamic model to study the relation between
volatility and growth, conditional on the estimated factors ft and g;. But before doing that we need

to discuss how we measure volatility in a multi-country setting.

4 Measurement of Volatility and Output Growth

As a proxy for uncertainty, in our application, we use realized measures of equity price volatility.
Realized volatility has been used extensively in the theoretical and empirical finance literature and
implicitly assumes that uncertainty and risk can be characterized in terms of probability distributions.
It therefore abstracts from the Knightian notion of uncertainty, which refers to the idea that some
types of risks cannot as such be characterized. Specifically, we use a measure of quarterly realized
volatility based on the summation of daily squared stock price returns.'* This is a natural application

of daily measures of volatility based on high frequency, within day price changes.

Denote the daily equity price of country i, measured at close of day 7 in quarter ¢t as Py (7). We

compute the realized volatility for country ¢ in quarter t as:

Dy
vit = | D! Z (rie(r) — 7it)? (40)
T=1

where 7(7) = Aln Py(7), and 7y = D, 1 Zf;l ri+(7) is the average daily price changes in the quarter
t, and D; is the number of trading days in quarter ¢. The scaling factory/D; expresses the realized
volatility at quarterly rates: in this way realized volatility is consistent with quarterly GDP growth.
Note that, for most time periods, Dy = 3 x 22 = 66, which is larger than the number of data points
typically used in the construction of daily realized market volatility in the empirical finance literature.

In the case of intra-day observations, for example, prices are usually sampled at 10-minutes intervals

14Gee, for example, Andersen et al. (2001, 2003), Barndorff-Nielsen and Shephard (2002, 2004))
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which yield around 48 intra-daily returns in an 8-hour trading day.

We computed realized volatility also in real terms, with Py (7) in the above expression replaced
by Pj(7)/ Py, where Py is the general price level in country ¢ in quarter ¢ (i.e., the C'PI index), but
it yields the same results, and in our application they are not reported. If we consider a panel of
country equities, a different measure of volatility can be computed as the cross-sectional dispersion of
equity prices. Cesa-Bianchi et al. (2014) show that realized volatility and cross-sectional dispersion

are closely related in our data set. So, in our application, we will focus on realized volatilities.

Realized volatility and cross-sectional dispersion encompass most measures of uncertainty and risk
proposed in the literature that would be suitable to implement our identification strategy. Schwert
(1989b), Ramey and Ramey (1995), Bloom (2009), Fernandez-Villaverde et al. (2011) use aggregate
time series volatility (i.e., summary measures of dispersion over time of output growth, stock market
returns, or interest rates); Leahy and Whited (1996), Campbell et al. (2001), Bloom et al. (2007) and
Gilchrist et al. (2013) use dispersion measures of firm-level stock market returns; Bloom et al. (2012)

use cross-sectional dispersion of plant, firm, and industry profits, stocks, or total factor productivity.

In the finance literature, the focus of the volatility measurement has now shifted to implied volatility
measures obtained from option prices, like the US VIX Index (see Figure 1). However, a key input
for the implementation of our identification strategy is the availability of country-specific measures of
uncertainty for a large number of countries for a long period of time, and implied volatility measures
are not yet available for a meaningful number of countries. So, implied volatility is not suitable for
our purposes. Figure 3 plots the U.S. realized volatility measure we constructed with the VIX index
(as plotted in Figure 1) during the period over which they overlap. The chart shows that the two

measures comove very closely with a correlation of about 0.9.

The literature has also used uncertainty measures based on expectation dispersion. While sum-
marizing the range of disagreement among individual forecasters at a point in time, these measures
do not give information about the uncertainty surrounding the individual’s forecast. See, for instance,
Zarnowitz and Lambros (1987), Popescu and Smets (2010), and Bachmann et al. (2013). Finally,
model based measures, such as those Jurado et al. (2015) and Ludvigson et al. (2015) could be in
principle computed for all countries in our sample, but the requirement of obtaining such measures

for many countries over a long period of time, again, would pose tight constraints on their proper
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Figure 3 QUARTERLY U.S. EQUITY REALIZED VOLATILITY AND THE VIX INDEX
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NoTE. RV US Equity is the U.S. realized volatility measure we constructed in equation (40). The VIX
Index is the quarterly average of the daily Chicago Board Options Exchange Market Volatility Index
from Bloomberg. The sample period is 1990:Q1-2011:Q2.

implementation.

Defining and measuring a country’s level of economic activity over the business cycle is, in principle,
also open to debate. Consistent with the theoretical framework presented above, in our application,

we shall use real GDP growth (calculated as the first difference of the log-level).

5 Data and Stylized Facts

This section briefly describes the data set we use in the empirical analysis and then reports some
stylized facts on the unconditional properties of the data. Specifically, we consider the degree of over
time persistence in the growth and volatility series, examine the patterns of cross-country correlations,
which play an important role in the identification strategy, and investigate the correlations of country-

specific volatility and growth.

The sources of the data and their sampling information are reported in Appendix C. To construct
a balanced panel for the largest number of countries for which we have sufficiently long time series, we
first collect daily sock prices for 32 advanced and emerging economies from 1979 to 2011. We then cut

the beginning of the sample in 1993, as daily equity price data are not available earlier for two large
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emerging economies (Brazil and China) and Peru up to that point. Better quality quarterly GDP data
for China also became available from 1993. Our results, however, are robust to starting the sample
period in 1988 and excluding these three countries. Moreover, some steps of the empirical analysis,
like the computation of the factors ( ft and §g;), can be implemented with the unbalanced panel from

1979 without any significance consequence for our main results.

5.1 Persistence

A battery of summary statistics on our volatility and real GDP series supports our model specification
in terms of log-difference of real GDP and the level of realized volatility. It is well known that GDP
levels are non stationary. This is also true in our sample. As Table D.1 in the Appendix shows, the
persistence of the log-level of GDP is very high (on average around 1). Moreover, the null of a unit
root is not rejected by a standard ADF test for any of the 32 countries in our sample. In contrast, the
levels of realized volatility, even though highly persistent, tends to be mean reverting. Table D.2 in
the Appendix shows that the first order auto-correlation coefficient for realized volatility is on average
about 0.6. But standard ADF tests reject the null hypothesis that the volatility variables have a
unit root. We also run a battery of tests for fractional integration, for comparison with the finance

literature, and find that volatility series are stationary, and are best modeled in levels.'®

5.2 Cross-country Correlations of Volatility and Growth

The differential pattern of cross-country comovement of the growth and volatility innovations is crucial
for our identification strategy. Here we are concerned with the properties of the observed time series
as in Figure 2. In order to gauge to what extent volatility and growth series comove across countries,
we use two techniques: standard principal component analysis and pair-wise cross-country correlation
analysis. The average cross-country or pairwise correlation in a panel of series over ¢ = 1,2,.... N
measures the degree of comovement of country ¢ with all other N — 1 countries. The average for all
N countries provides a summary measure of the overall degree of interdependence in the sample of

countries under consideration.

15The stylized facts of volatility, as well as the other results of the paper, are unchanged if instead of the level of
realized volatility we consider its logarithm.
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Table 1 AVERAGE PAIRWISE CROSS-COUNTRY CORRELATIONS OF VOLATILITY AND
GROWTH DATA

Panel A: Realized Volatility (Level)

Pair. Corr. Pair. Corr. Pair. Corr.
Argentina 0.56 India 0.51 Philippines 0.56
Australia 0.64 Indonesia 0.56 Singapore 0.66
Austria 0.54 Italy 0.63 South Africa 0.62
Belgium 0.59 Japan 0.63 Spain 0.65
Brazil 0.41 Korea 0.56 Sweden 0.66
Canada 0.68 Malaysia 0.38 Switzerland 0.65
Chile 0.55 Mexico 0.61 Thailand 0.49
China 0.61 Netherlands 0.63 Turkey 0.40
Finland 0.39 New Zealand 0.58 United Kingdom 0.67
France 0.65 Norway 0.64 United States 0.67
Germany 0.69 Peru 0.44

Panel B: Growth (GDP Log-Difference)

Pair. Corr. Pair. Corr. Pair. Corr.
Argentina 0.14 India -0.03 Philippines 0.26
Australia 0.13 Indonesia 0.12 Singapore 0.30
Austria 0.27 Italy 0.40 South Africa 0.35
Belgium 0.35 Japan 0.33 Spain 0.31
Brazil 0.26 Korea 0.28 Sweden 0.32
Canada 0.33 Malaysia 0.30 Switzerland 0.25
Chile 0.25 Mexico 0.28 Thailand 0.26
China 0.17 Netherlands 0.34 Turkey 0.18
Finland 0.34 New Zealand 0.22 United Kingdom 0.37
France 0.38 Norway 0.19 United States 0.34
Germany 0.38 Peru 0.24

NOTE. Panel (A) refers to the realized volatility measures as computed in (40). Panel (B) refers to real
GDP grwoth in log-differences. The overall average pairwise correlations across countries are 0.58 and 0.27

for volatility and growth, respectively, like exhibited in Figure 2.

The average pairwise correlation also relates to the strength and pervasiveness of the factors, as

measured by the factor loadings. For example, consider the factor model
Ayie = [t + €t

where var(f;) = 1 and var(e;r) = o7. Then the population average pairwise correlation of Ay;; and

Ay,t, denoted by py, is given by

- (Zi:l Zj:l Pij — N)
ION - 2N2 }

(41)
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where

/2 7;%/2 2 ifi#j
Pij = RN AEANE
1 ifi=j

Using the above expression for p;; in (41), we have

where 4, = v;/0;. Hence

N -~
M=O<Z?”7, (42)

where N~! Zfi 17; measures the degree of pervasiveness of the factor.

The attraction of pairwise correlation lies in the fact that it applies to multi-factor processes and,
unlike the factor analysis, does not require the factors to be strong. py tends to be a strictly positive
number if Ay;; contains at least one strong factor, otherwise it tends to zero as N — oo. Therefore,
non-zero estimates of py are suggestive of strong cross-sectional dependence. Formal tests of cross-
sectional dependence based on estimates of py is discussed in Pesaran (2015). For completeness, and

to show that our analysis is robust, we also use standard principal component analysis.

The average pairwise correlations are reported in Table 2 for all countries in our sample. The
overall average is 0.58, like in Figure 2. In contrast, the overall average for the growth series is only
0.27. As we can see from Table 2, the pairwise correlations of volatility and growth have a similar

values for different countries, but there is a clear difference between the two variables.

The principal component analysis yields similar results. The first principal component in our
panel of realized volatility series explains 65 percent of the total variation in the level of v;;. Whilst
the first principal component of the growth series accounts for only around 18 percent of the total
variation. Like in the case of the pairwise correlation analysis, these results are is accordance with the
identification assumptions made even though they are not direct evidence on their validity because

the assumptions made are relate to the innovations and not the realizations.
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5.3 Country Correlations between Volatility and Growth

The countercyclical behavior of the U.S. stock market volatility is a well known stylized fact.'® Does
this stylized fact hold in our sample of countries? Figure 4 plots the country-specific contemporaneous
correlations between volatility and growth for all countries in our panel together with their 90-percent
error band. It shows that, for most countries, there is a strong negative and statistically significant
association between volatility and GDP growth. On average, this correlation is about —0.35, ranging
from a maximum slightly above —0.6 for the United States to a minimum of close to zero for Peru. As
the confidence intervals illustrates most of these associations are also statistically significant except

for New Zealand, Australia, Finland, India and Peru.

Figure 4 COUNTRY CORRELATION BETWEEN VOLATILITY AND GROWTH DATA
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NoOTE. The correlations are computed over the period 1992:Q1-2011:Q2. The dots represent the country-
specific contemporaneous correlations, and the lines represent 95% confidence intervals.

6 Results

The above preliminary analysis supports the evidence of a negative association between output growth
and volatilities in a significant majority of the countries, and suggests a stronger degree of cross-country

correlation for volatility as compared to cross-country correlations of GDP growth rates. These findings

16See, for example, Schwert (1989a) and Schwert (1989b). On the volatility of firm-level stock returns see Campbell
et al. (2001), Bloom et al. (2007) and Gilchrist et al. (2013); on the volatility of plant, firm, industry and aggregate
output and productivity see Bloom et al. (2012) and Bachmann and Bayer (2013); on the behavior of expectations’
disagreement see Popescu and Smets (2010) and Bachmann et al. (2013).
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are compatible with the two-factor model advanced in the paper, which we now use to address the
more difficult question of how to interpret the observed negative association between output growth

and volatility.

We begin by first estimating the factors, f; and g, using (36) and (37). Armed with an estimate
of f; and g, we then run OLS on the model (38)-(39) to recover, for each country, the country-specific
volatility (n;;) and growth innovations (g;). Next, with these innovations, we compute conditional
country and cross-country correlations. Finally we will compute impulse responses and variance de-

compositions to the factors (f; and §;) and the country-specific shocks (1, and e).

6.1 Estimated Factors

The factors f; and §; are recovered from the OLS estimation of (36) and (37). Figure 5 plots them
when estimated using the unbalanced panel from 1979 (thin lines with asterisks), and when we use
the balanced panel from 1993 (thick solid lines), so as to better illustrate their characteristics and
time profile. A one-standard deviation band for the factors estimated on the 1993 sample are also
reported.!” The factors are standardized and have zero mean and unit in sample variances. By

construction, they also are serially uncorrelated and orthogonal to each other.

The figure shows that the largest swing in the real factor, ft, was during time of the Lehman’s
collapse in 2008 and in correspondence to the second oil shock in 1979. Also note that after a sharp
drop, f; rebounds in 2009 and displays a very unusual protracted period of decline associated with
normal fluctuations in the financial factor. The largest movements in the financial factor, g, accords
with the 1987 stock market crash and the 2008 Lehman’s collapse. Our financial factor comoves
positively, but not highly, with US measures of financial volatility, risk and investor sentiment. In
general, it is more volatile and less persistent than these US measures. The correlation with the US
Baa-Treasury credit spread and excess bond premium of Gilchrist and Zakrajsek (2012) is 0.2 and
0.35, respectively.'® The correlation with the index of financial volatility of Ludvigson et al. (2015) is

about 0.4. The correlation with the US VIX index, however, is 0.5.

17 As countries are progressively added over time, the two estimates get closer and closer.
18The Baa-Treasury credit spread is computed as the spread between yields on long-term Baa-rated industrial bonds
and comparable maturity Treasury securities.
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Figure 5 ESTIMATED REAL (f) AND FINANCIAL (§) FACTORS

(A) Real factor f;
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(B) Financial factor g,
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NoTE. The factors (f and §) are computed using (36) and 37) with one lag of z, using the full
unbalanced sample (thin lines with asterisks) and the shorter balanced sample (think solid lines).
Both factors are orthonormalized. The dotted lines represent one-standard deviations bands around
the mean.

6.2 Cross-country Correlations of Country-specific Innovations

Although restrictions behind identification cannot be formally tested, our multi-country approach to
the problem permits us to investigate the extent to which the implications of the identified model are in
line with the identification scheme that we have adopted.'” To this end we explore the cross-country
correlation of the residuals from the dynamic regressions (38) and (39), with and without explicit
conditioning on the financial factor g;. As we do not impose our identification restrictions directly on

the cross-country correlation structure of these innovations, their empirical properties are informative

as to whether our identification assumptions might be inconsistent with the results obtained.

9Note that without our identification restrictions ft and §; cannot be estimated. As as result, whilst we can directly
estimate pairwise correlations of cross-country output growth and volatility series, we can not examine cross-country

pairwise correlations of their innovations without the imposition of our identification conditions.

29



Figure 6 plots the average pairwise correlation of the volatility innovations (i) and the growth
innovations (&), when we condition only on f; in (38)-(39), rather than on both f; and g, The
statistics reported are the same as in Figure 2. The blue (darker) bars are the pairwise correlations of
the growth innovations. The yellow (lighter) bars are for the volatility innovations. The figure shows
that, if we condition only on f in (38)-(39), the volatility innovations display a pairwise correlation
comparable to that of the raw data reported in Figure 2, of more than 0.5 on average. In contrast,
the pairwise correlations of the growth innovations are negligible, with an overall average of 0.03.2
Figure 7 reports the same statistics for the volatility innovations (7),;) when we condition on both
f and § in model (38)-(39).2! The Figure shows that the cross-country correlations of the volatility
innovations now becomes negligible, as in the case of the growth innovations, with the same overall
average of 0.03. For instance, in the case of the United States, the pairwise correlation of volatility
innovations exceeds 0.6 conditional on f; alone. But it drops to 0.03 if we condition on both factors.
By comparison the US pairwise correlation of the growth innovations is —0.01.

Figure 6 CROSS-COUNTRY CORRELATION OF VOLATILITY AND GROWTH INNOVA-
TIONS CONDITIONAL ONLY ON f
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NOTE. Average cross-country pairwise correlation of volatility (yellow, lighter bars) and GDP growth
(blue, darker bars) innovations conditional on f only. The volatility measures are computed as in
(40). The dotted lines are the overall averages, at 0.53 and 0.03 for volatility and growth, respectively.
Country values are also reported in the online appendix in Table D.3.
Thus, Figures 6 and 7 illustrate that after conditioning on f; alone—which is common to both

growth and volatility series—not much commonality is left in the growth innovations, but the volatility

innovations continue to share a strong common component. It is therefore interesting to test whether

2ONotable exceptions are those of China and India.
2INotice that the growth innovations are identical and are plotted again only for comparison.
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Figure 7 CROSS-COUNTRY CORRELATION OF VOLATILITY AND GDP GROWTH IN-
NOVATIONS CONDITIONAL ON f AND §
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NOTE. Average cross-country pairwise correlation of volatility (light bars) and GDP growth (dark
bars) innovations conditional on f and §. The volatility measures are computed as in (40). The dotted
lines corresponds to the average pairwise correlations across countries, at 0.03 and 0.03 for volatility
and GDP growth, respectively. Country values are also reported in the online appendix in Table D.4.

the two set of innovations satisfy a formal definition of weak and strong dependence as we have assumed

for identification purposes.

To test statistically for weak and strong cross-section dependence we estimate the cross-sectional
dependence statistic of Pesaran (2015) and the exponent of cross sectional dependence («) as proposed
by in Bailey et al. (2016). The CD statistic is normally distributed with zero mean and unit variance
under the null of zero pairwise correlations. So, the critical value is around 2. When the null is
rejected, Bailey et al. (2016) suggest estimating the strength of the cross-correlations dependence
with an exponent denoted, «, with values in the range (1/2,1], with unity giving the maximum
degree of cross sectional dependence, the lowest level being around 1/2 and any number below 1, but

significantly different from 1, suggesting weak dependence.?? So in what follows we present estimates

of a for different series, together with their confidence intervals.

The results are summarized in Table 2 and are in accordance with the identification assumptions
made. The table reports also test statistics for realized growth and volatility series the raw data for
comparison. The CD statistic for the growth series (Ay;;) is 29.64 while the o exponent estimated

at 1.00, with 99% confidence. The CD statistic for realized volatility data (vi) is 53.95 with an

22When estimating o one also need to take account of the sampling uncertainty which depends on the relative magnitude

of N and T, and the null of weak cross dependence depends on the relative rates of N and T.
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Table 2 TESTING FOR CROSS-SECTIONAL DEPENDENCE AND THE
EXPONENT OF CROSS-SECTIONAL DEPENDENCE

CD 5[0.05 & 6‘0.95
Vit 53.95 0.94 1.00 1.06
Ay 29.64 0.82 1.00 1.17
Uit 49.76 0.92 0.99 1.06
€it 5.40 0.73 0.79 0.85
it 1.09 0.50 0.59 0.68
€it 5.40 0.73 0.79 0.85

NOTE. CD is the cross-sectional dependence statistic of Pesaran (2015). « is
the exponent of cross-sectional dependence as in Bailey et al. (2016), together

with its 90-percent confidence interval [ao.05,00.95]-

estimated « also at 1.00 with 99% confidence. Conditioning only on f;, the CD statistic for the
growth innovations (e;;) drops to 5.40, close to its critical value under zero pairwise correlations, with
an « value of 0.79, which is is statistically different from 1. In sharp contrast, the CD statistic for the
volatility innovations (u;;) remains close to that of the data at at 49.76 with an a parameter clearly
not distinguishable from one. However, when we condition on both ft and g, the CD statistic for
the volatility innovations (7;;) falls to 1.09 with an estimated « of 0.59 and confidence interval of

[0.50, 0.68], while the CD statistic and « are the same for the growth innovations (e;).

6.3 Country Correlations Between Volatility and GDP Growth Innovations

We saw earlier in Figure 4 that the volatility and growth series display a strong (and statistically
significant) negative correlation at the country level. How much of that association is accounted
for by the common factors ft and g;?7 To answer this question, we compute the contemporaneous
correlations between the volatility and growth innovations (7);; and &;) conditional on f; and g;.
The results are displayed in Figure 8. The figure reports the estimated correlation together with a
95 percent confidence interval for all countries in our sample. The conditional correlation between
volatility and growth innovations falls substantially when conditioned on both f and g, and it is much
weaker than the negative correlation in the underlying series. The confidence interval now includes
zero for all but 5 countries that are very volatile emerging market economies. For the United States,

for instance, this correlation essentially vanishes.
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Figure 8 COUNTRY CORRELATION BETWEEN VOLATILITY AND GROWTH INNOVA-
TIONS (CONDITIONAL ON f; AND §;)
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NOTE. Volatility innovations (7) are the residuals of equation (38) growth innovations (&) are the
residuals of equation (39). The dots represent the country-specific contemporaneous correlations, and
the lines represent 95% confidence intervals.

6.4 Impulse Responses

A number of different impulse responses can be considered. Here we focus on the effects of positive
unit shocks (one standard error) to the orthogonalized factors ft and g;. The derivation of the impulse
response functions associated with these shocks for a given country i is provided in Appendix B. Figure
9 reports a weighted average of the country-specific impulse responses (solid line) using PPP-GDP
weights together with 2-standard deviations error bands (shaded areas). The error band gives the

dispersion of the impulse responses across countries. The country-specific response are reported in

Figure 10.

Panel (A) of Figure 9 plots the average volatility response of to a positive, one-standard-deviation
shock to the common real factor ft The figure shows that a positive shock to the real factor increases
growth and lowers volatility. This reflects an endogenous response of volatility to fundamental im-
provements in the world economy and it is consistent with volatility increasing when growth tanked
during the global financial crisis in 2008. Note that the error bands around the typical response are
very tight, reflecting the relatively homogeneous country responses to unexpected changes in f;. We
can see in fact from Figure 10 that for most countries responses have a very similar shape. The average

response is sizable: a one standard error change in f; increases volatility by one percent per quarter

on impact.
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Figure 9 TYPICAL VOLATILITY AND GROWTH IMPULSE RESPONSES TO THE COMMON

FACTORS
(A) v; to a shock to f (B) Ay; to a shock to f
, 0.6 : , ,
0.4
0.2
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NOTE. One-Standard Deviation sock to f; and g:. The solid line is the PPP-GDP weighted average of
the country-specific responses, computed as in Appendix B in Eq. (B.12). The shaded areas are the 2
standard deviations confidence intervals computed as in Appendix B in Eq. (B.13). In percent.

Panel (B) plots the growth response to the same shock. It shows that, on average, growth loads
positively on the fundamental factor ft, with persistent effects up to 8-10 quarters. The size of the
impact is smaller, with growth increasing only by about half a percentage point with a one standard
error change in f. This is consistent with existing evidence on the international business cycle, which

stresses an important role for the world factor, along with regional and country specific factors in

driving the business cycle (e.g., Kose et al. (2003)).

Panels (C) and (D) of Figure 9 report the responses of volatility and growth to a positive, one
standard deviation shock to the financial factor g;. The responses suggest that a positive shock to g
is “bad news”, as volatility increases and growth slows. With a normal change in the financial factor,
volatility increases three times as much as a change in the real factor. While growth declines only
by about a quarter of percentage point compared to half a percentage point in response to a normal

change in the real factor shock.

Note here that, the delayed response of growth to this shock follows from our identification as-

sumptions through cross-country correlations, but it is not imposed directly on country-specific models
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Figure 10 COUNTRY VOLATILITY AND GROWTH IMPULSE RESPONSES TO COMMON
SHOCKS

(B) Ay; to a shock to f

5 10 15 20 15 20

(C) v; to a shock to ¢ D) Ay; to a shock to g

5 7 | 10 15 20 5 16 1‘5 20
NOTE. One-Standard Deviation sock to ft and g:. Thin lines are individual countries responses. The
solid line is the PPP-GDP Weighted average. Impulse responses computed as in Appendix B.
(unlike, for instance, in a Cholesky decomposition of the variance-covariance matrix with growth or-
dered first in a country VAR system). It is a consequence of the triangular structure of the factor
loading matrix, which in turn derives from the cross-section correlation properties of the shocks. This
is consistent with the idea that a more volatile environment takes some time to affect economic de-
cisions, as it is often assumed in theoretical models of habit persistence in consumption and cost of
adjusting investment. Notice also that the error bands of this impulse response are wider, reflecting

larger cross-country differences in the incidence of the financial factor (see Figure 10).

6.5 Variance Decompositions

While impulse responses illustrate the transmission mechanism of a given shock identified in the
model, variance decompositions speak to the importance of such a shock for the time-variation of the
endogenous variables at different time horizons, relative to other shocks in the model. For all countries
i =1,2,...N, we decompose the total variance of volatility and growth and attribute it to shocks to

the factors f; and g, as well as all country-specific shocks in the model ;; and 7);;- Below we discuss an
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7average” variance decomposition, weighting country-specific decompositions with PPP-GDP weights.

Country specific results, are provided in the on-line Supplement.?

Figure 11 AVERAGE VARIANCE DECOMPOSITION
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NoTE. PPP-GDP weighted average of country variance decompositions. Country variance decomposi-
tions are reported in Figure D.2 and D.1. For both growth and volatility the figure plots the weighted
average of the variance decompositions with respect to all the shocks in the model. ”Other” is an the
sum of variance share of all other country-specific shocks other than the own country specific shock
that is tracked separately. Variance decompositions computed as in Appendix B.

For the purpose of computing these decomposition, the country-specific innovations are assumed to
be orthogonal not only to the factors, but also across countries i = 1,2, ...N. The factors f; and g are
orthogonal to the country specific shocks and to each other by construction. The strong assumption
that the country-specific shocks are also orthogonal to each other and across countries is justified by the
empirical results reported in Figure 7 and 8. That evidence shows that most of the contemporaneous
correlations between volatility and growth innovations, within or between countries, is absorbed by the
common factors ft and g;. For all but two emerging market countries, the cross-country correlations
of volatility and growth were negligible (7), and even in the case of China and India they were below

0.2. Similarly, the conditional country correlation between volatility and growth was negligible in all

but 5 emerging market countries (including China and 3 other Asian economies) (8).

Thus, in order to compute this variance decomposition, as a first approximation, we assume that
the variance covariance matrix of the country-specific innovations is diagonal for the whole set of

countries N. We then check the robustness of the decomposition by allowing for non-zero correlation

238ee Appendix B for the details on the derivations.
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among all country specific innovations in the model. This is done by recomputing the variance error
decompositions using the generalized method of Pesaran and Shin (1998) that allows for non-zero
correlations and then comparing results. When we do this, we find that the results are essentially the

same.

Consider first the variance decomposition of volatility averaged across countries reported on the
left hand panel of Figure 11. The figure shows that volatility is driven largely by shocks to the financial
factor (darkest, purple-shaded area) and country specific volatility shocks (lighter, blue-shaded area).
Combined, these two shocks explain about 90 percent of the total variance of realized volatility over
time, broken down in 60 percent for global shocks, and 30 percent for the country-specific volatility
shock. Shocks to the real common factor (lightest-shaded, yellow area) explain only about 10 percent
of the total variance of volatility. The “other” country-specific shocks, i.e., the country-specific growth
shock as well as the country-specific volatility and growth shocks of all other countries in the sample,
play essentially no role. Notice this does not follow mechanically from the assumptions that country
specific shocks are orthogonal to each other and across countries. The results show that volatility is
largely driven by shocks to the global financial factor and its own country specific shock. In short,
according to our results, the endogenous component of volatility via common or country specific shocks

is relatively small.

Consider now the average variance decomposition for growth reported in the left hand panel of
Figure 11. The figure shows that, on average, growth variance is driven mostly by country-specific
growth shocks and the common real factor, with a share combined share approaching 90 percent in
the long run —lightest (or yellow) and darker (or orange) shaded areas. The country-specific growth
shocks explains more than 60 percent of the total variance in the long-run, while the global real factor
explains slightly less than 30 percent of the total growth variance for the average in our sample, in line
with existing results in the international business cycle literature (see, for instance, Kose et al. (2003)).
Shocks to the common financial factor explain only slightly more than 10 percent of country-specific
growth variance on average. Their importance for growth variance increases quickly over time, but
stabilizes within a year or so. Country specific volatility shocks explain only a very small share of the
total variance, with a weight of about 1-2 percent, while all other country-specific shocks in the model

combined explain a negligible share of variance.
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7 Conclusions

The global financial crisis spurred renewed academic interest in quantifying the effects of uncertainty
on macroeconomic dynamics. In this paper, we study the interrelation between realized equity price
volatility and GDP growth without imposing restrictions on the direction of causation. To do so we
assume volatility and growth are driven by two common factors. By taking a multi-country approach,
as opposed to studying a single economy in isolation, we can identify and estimate these two factors,
as well as country-specific volatility and growth shocks. Identification exploits different patterns of
correlation across countries of volatility and GDP growth. The identification strategy that we propose
can be applied in other contexts. Evidence based on the cross-country correlations of the raw data and

estimated innovations is in strong accordance with the assumptions made to achieve identification.

Empirically, we find that shocks to the real and financial factors account for most of the uncondi-
tional correlation between volatility and growth in all but very few emerging market countries. But
shocks to the real factor explain a small share of volatility variance, even though they do have a nega-
tive and statistically significant impact on growth when they realize, as shocks to the financial factor
do for the variance of growth. Shocks to the financial factor are the most important drivers of the
variance of country volatilities, while the country-specific growth shock accounts for the bulk of coun-
try growth variance. The results also show that, conditional on the real and financial factor, country
specific shocks have negligible spillover effect because they explain no share of country volatility or

growth variance.

These results imply that the endogenous component of country volatility is small and driven largely
by global factors, that uncertainty is most important for the business cycle when the shocks are global
in nature, and that financial and business cycle fluctuations share only a relatively small common

component.
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A Appendix: Mathematical Derivations and Data Sources

A.1 Proof of Proposition 3 (Consistent estimation of unobservable factors in het-
erogeneous factor-augmented VARs)

Proof. Under Assumption 8, and noting that by assumption the processes {z;,i = 1,2, ..., N} have

been in operation for some time, we have:

ziv = p; + Y BT+ (A1)
/=0
where: -
py =Ty —®;))a; and ¢ => P&, . (A.2)
/=0

Pre-multiplying both sides of (A.1) by (w;) and summing over i yields:

o
Zt = Wy, + Z ANt + Coot (A.3)
0=0
where: N N
Zt = Zi:l WiZit, [y = Zi:l Wi by, (A 4)

N = N
AE,N = Zi:l wﬂﬁfl“i, and (,,; = Zi:l WGy
Under Assumption 5, ¢;; are cross-sectionally weakly correlated, given that the w; are granular. Then

using results in Pesaran and Chudik (2014), it readily follows that:

Cot = Oy > , for each ¢. (A.5)

Also, under Assumptions 7 and 8,
E (@frlj —E (@f) E(T;) = AT,

and since ®; and I'; are distributed independently across i, then using results in Pesaran and Chudik
(2014) it also follows that

Ay —E(Auy) = ZN;w [@fri _E (@fn)} =0,
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Using the above results, namely (A.5) and (A.6) in (A.3) we now have:

Zut = Bt Y ALfii+0,(N73)
=0

= o, + (i AZL£> Tf +0, (N*%)
=0

fi,, + A (L)Tf, + O, (N*W) .

But under Assumptions 7 and 8, I' and A (L) are both invertible and:

f, = T'AY (L) (Zur — Fi,) + O, (N—%) ,

0 ~!
1 o
Oy

A Y (L) = Bo+BiL+ByL?+ ...

where:

(note that By = Ag = Iy). Hence,
ft = ]__‘_1 (Zwt — ﬁ'w) =+ (Cl =+ CQL -+ CgL2 + ) (Zwytfl — ﬁw) + Op (N_%)
— b+ (Z CgLf> Zwt + O, <N*%> :
/=0

where Cy = T'7'1B,, for £ = 0,1,2,..., and b=-T"1A"1 (1)

form of I'~!, we have

.- Hence, given the lower triangular

s 1
o= T AR+ Y B+ 0y (N, (A7)
/=1
1o A _ = _ _1
g = 0T - (QQ Affos + Y Ch B+ 0p (N7), (A8)
/=1

where c’1 , and c’2 ¢ are the first and the second rows of Cy, respectively, and v,, ¢, A¥, ¢, Ze,¢ are defined

as above.

Consider now Cy and note that [|Cyl| < [T |B,||, where ||[T!|| is bounded for fixed non-zero
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values of v and 6. Further, B, is given by the following recursions

14

BO == IQ, B1 = —A1
B, = —(A1B1+A2By),
By = —(A1Bp1+A2By 1+ ... + ABo).

Hence, |B, ]| < [A1]l[B, ], Byl < A1l B, || + [ Azl B, and in general [Bl| < [|As]| [Be_s]| +
[ A2]| IBe_i1]l + ... + | Al | B, ||, where |B,|| = 1. However,2!

= ) <=

(E || ®:]))" <

Hence, |B,[| < p, |B,| < p?, and so on, and as required [|Cy|| < || T/ pf. =

A.2 Derivation of orthogonalized factors

In this section we show how to extract orthogonal factors from the cross section averages, Ay, ; and
Uy,t. Consider the pt" order truncated approximation of the unobservable factors given by (A.7) and

(A.8), and note that in matrix notations (abstracting from the probability order terms) we have:

f = AF,+ Zucy, (A.9)
g = Vo, — My, + Z,co, (A.10)
where f = (f1>f27"'7fT),7 g = (911927' 7gT) AYW -1 = (Agw,l—bAng—la'- Awa l) AYw =
A}_’wﬁa \_’w,—l = (ﬁw,l—laﬁwQ—l?u-ﬂjw,T—l) y Vw = Vw,()a Zw = (TT7ZUJ,—17ZW,—27"'7zw,—p)7 and Zw,—l =

(A}_f%_lﬁw,_l).% Then the orthogonalized filtered factors, f and g, can now be recovered as residuals
from the following OLS regressions:

A}_’w = Zwél +

Vo = M+Z,8+g, (A.12)

=h
—~
>
—_
—
~—

where &; is the OLS estimator of the regression coefficients in the regression of Ay, on Z,,, and A and

¢y OLS estimators of the regression coefficients in the regression of v, on f and Z..

Proof. Let M =1Ir — Z (Z(’UZ ) Z', and note that:

Mwa = MZWA}_’W
Mzg = MZUJ\_IW—)\MZWA}_QQ

w

24Note that for any matrix A, ||A?|| < ||A|”, and for any random variable X, ||E(X)| < E || X]||.
25The inclusion of 71 in Z., ensures that the filtered factors have zero in-sample means.
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since Mz Z,, = 0. We set the first normalized factor, that we label f, to M 7, =Mz Ay.; and set
the second factor, that we label g, as the linear combination of M f and M, g such that £/ g=0.

This can be achieved selecting A so that:
f'g = Ay, M, (M2 v, — A\Mz Ay,) = 0.
The value of A that solves this equation is given by:

A= Ay L;MZW‘_’W
AYLMz AV
Note that A is the OLS estimator of the coefficient of the regression of M 7., Vw on Mz Ay,. Hence,

the orthogonalized factors are

—h
|

MZ“)A}_’wa
1\/12“)\7(,u — S\MZWA}_’W

o
Il

In practice, this implies that f can be recovered as residuals from the OLS regression of Ay, on an

intercept and z,;¢, with £ =1,2,...,p:

Ay, = Z,e1 + T (A.13)

While g can be recovered as residuals from the OLS regression of ¥,, on f, an intercept, and Z, ;s
with £ =1,...,p:
Vo =M+Z,8+8 (A.14)

B Appendix: Computing impulse responses and variance decompo-

sitions

Consider the following factor-augmented country-specific VAR models also augmented with lagged

cross section averages, Z, ¢, for £ = 1,2, ..., p,
p —~ o~
Zit = Qizi,t—l + Z @bi’gzw’t_g + ]_-‘th + Eitv for ¢ = 1, 27 ceuy N, (Bl)
(=1

where
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Intercepts are omitted to simplify the exposition. Note also that z,; = Zf\il w; Az;; = Wz, where
zy = (2}, 2%, ..., 2'y,)', and W is a 2 x 2N matrix of weights. Stacking the VARs in (B.1) over ¢ we
obtain

p
21 =%z 1+ YWz +BF +¢, (B.2)
=1

WheI‘e £t — (Sllt, Eét’ ceny 5’]\[75)’ and

& 0 --- 0 Yy T,
0 & --- 0 P Ty
P = . . . ’ ’W: .27€ ; r= .
0 0 - ®y Ny Ty

5

The high-dimensional VAR in (B.2) can now be written as a standard FAVAR(p) model in 2N variables

p
2= (®+ 9P W)z, 1+ > Wz + T + &, (B.3)
(=2

For example, when p = 1 we have the FAVAR(1)
z; = (Ian — ‘I’lL)_l(Bft +&4),

where ¥ = ® + ¢, W.
z, = (I— @, L)"'Bf, + (I - ¥,L)"'¢,.

Note that by construction f, and &, are orthogonal, and for sufficiently large p, they are serially
uncorrelated. Hence, the impulse response of shocks to elements of f, and &, can be computed using

the following moving average representation
oo _ [e.e]
Zy = Z At + Z CnEt—nv (B'4)
n=0 n=0
where A,, = 1B, and C,, = ¥}, forn =0,1,2,....

B.1 Responses to common and country-specific shocks

Let e; be a selection vector such that e/z; picks the ith element of z;. Also let Sy = (1,0)" and

s = (0,1)’, the vectors that select f; and g, from f,; namely,

s'ff't = fi, s’gf't = G;. (B.5)
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Recall now that ft and g have zero means, unit variances and are orthogonal to each other. Then the
impulse responses to a positive unit shock to ft or g; are given by:

IR, 7, = ¢;A,sy and IR; 5, =¢;Ays, forn=0,1,2,.., (B.6)

where A, is given by the moving average representation, (B.4)

To derive impulse response functions for country-specific shocks, i.e., the j element of &,), we
need to make assumptions about the correlation between volatility and growth innovations within
each country and across countries. Since the elements of £, are weakly correlated across countries, by
construction, they have some, but limited correlation across countries (see Tables 2 and 4). We also
documented that, conditional on the common factors f; and §;, the country correlation of volatility

and growth innovations are statistically insignificant for all except four countries.

As a first approximation, therefore, we will assume that the variance-covariance matrix of &, in
(B.3) is diagonal. Under this assumption, the impulse response function of a positive, unit shock to

the j" element of &, on the the i" element of z; is given by:

IRi,éj,n = \/o&jjegcnej y (B7)

where C,, is given by the moving average representation, (B.4), &;; is the (estimate) of the variance

of the j*" country-specific shock and ¢j is a selection vector such that e;-zt picks the j* element of z.

The above impulse responses can be compared to the generalized impulse responses of Pesaran
and Shin (1998). The latter are given by:

/ Vo -
¢;C,,Qe;

where ) = (@ij) is the estimate of the covariance of €,. The generalized impulse responses allow for

GIRi¢, = (B.8)

non-zero correlations across the idiosyncratic errors. The two sets of impulse responses coincide if the

variance-covariance matrix of is &, diagonal.

B.2 Variance error decompositions

country specific shocks is diagonal, the relative importance of shocks to country volatility and growth
for all countries (§jt, for j = 1,2,....,2N) and shocks to the two common factors that ft and g, is

easily characterized.

Let VD, Fn and V' D; 5, be the share of the n-step ahead forecast error variance of the ith variable

in z; that is accounted for by ft and gz, respectively, and V D; ; the variance share of a generic country
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specific shock, then:

n 2
> (ejAysy)
/=0
VD, = = _ ——, n=12..H (B.9)
g;) e;AgA’Zei + gz() egCgQCZQi
i 2
> (e Aysg)
VDijn = — =0 ., n=12, .. H, (B.10)
620 ¢ AgAje; + 620 ¢;CQ2Ce;
n N 2
iy (e;Cngj)
VDijn = =0 , j=12..2N, n=12...H, (B.11)

n n R
g;) e;AgA’éei + KZ:O e;CgQCQQi

where VDi,f,n +VDign+ fol VD;jn =1if O = diag(wi1, w22, ..., wan2n). As with impulse re-
sponses, we also compare these error variance decomposition results with the generalized variance

error decompositions that employes the full matrix estimate, Q0= (Wij) -

B.3 Average impulse responses

As a summary measure of the effects of shocks to the common (global) factors we computed the
following average measures. Denote the impulse response of a particular shock on the j** variable in
country ¢ at horizon h by IR;j,. Let w = (w1, wy, ...,wy)’ be a vector of fixed weights such that that

Ef\ilwi = 1. Then the average impulse response of the shock to variable j at horizon h is computed as

N
IRy n =Y wil Ry (B.12)
i=1
and its dispersion is computed by
N 1/2
TR = | _wi (IRyn — IRy n)?| (B.13)

i=1

assuming country-specific impulse responses are uncorrelated. The same formulae can be applied to

compute average forecast error variance decompositions.

C Appendix: Data Sources

For equity prices we use the MSCI Index in local currency. We collected daily observations from
January 1979 to June 2011, but the panel of countries is unbalanced with only 16 economies starting

from the beginning of the sample. A balanced panel was also constructed with 32 countries from
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1993:Q1. The data source for the daily equity price indexes is Bloomberg. The countries included in
the sample are the following: Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China,
Finland, France, Germany, India, Indonesia, Italy, Japan, Korea, Malaysia, Mexico, Netherlands,
Norway, New Zealand, Peru, Philippines, Saudi Arabia, South Africa, Singapore, Spain, Sweden,
Switzerland, Thailand, Turkey, United Kingdom, and United States.

The list of Bloomberg tickers is as follows: MSELTAG, MSDLAS, MSDLAT, MSDLBE, MSELTBR,
MSDLCA, MSELTCF, MSELTCH, MSDLFI, MSDLFR, MSDLGR, MSELTIA, MSELTINF, MS-
DLIT, MSDLJN, MSELTKO, MXMY, MSELTMXF , MSDLNE, MSDLNO, MSDLNZ, MSELTPR,
MSELTPHF, MSELTSA, MGCLSA, MSDLSG, MSDLSP, MSDLSW, MSDLSZ, MSELTTHF, MSELTTK,
MSDLUK, MSDLUS.

Real GDP data come from standard sources. The data set is balanced and good quality quarterly
data are also available for all countries from 1993:Q1. For more details see:

https://sites.google.com/site/gvarmodelling /.

D Online Supplement: Country-specific Results

In this online Supplement (not for publication), we report selected country-specific results, including
summary statistics and pairwise correlation of growth and volatility. Table D.1 reports summary
statistics on the log-level of real GDP for each country. Table D.2 reports the same set of statistics
for the realized volatility series. Table D.3 reports the average pairwise correlation conditioning only

on §). Table D.3 reports the average pairwise correlation conditioning both on f and g.

For completeness, we also report all country impulse responses and forecast error variance decom-
positions for both volatility and growth. Figures 10 reports impulse responses. Figure D.1 and Figure

D.2 reports the country variance decompositions of volatility and growth, respectively.
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Table D.1 SUMMARY STATISTICS FOR REAL GDP LOG-LEVEL

ARG AUS AUT BEL BRA CAN CHL CHN FIN FRA DEU
Obs 74 74 74 74 74 74 74 74 74 74 74
Mean 16.26 7.37 7.74 7.53 17.38 8.07 8.02 14.64 16.51 9.23 9.26
Max 46.42 24.92 31.02 24.35 46.94 33.90 23.80 41.53 77.18 28.01 33.59
Min 7.58 3.35 3.39 2.86 6.56 3.36 4.21 6.63 6.60 4.02 3.72
St. Dev. 6.95 3.31 5.16 4.27 8.76 4.69 3.45 6.70 10.35 4.22 4.29
Auto Corr. 0.41 0.58 0.77 0.70 0.57 0.68 0.41 0.58 0.47 0.60 0.51
ADF -3.70 -2.24 -1.85 -2.54 -2.94 -2.65 -2.99 -2.72 -2.42 -2.46 -2.59
ADF(p) 0.01 0.00 0.00 0.00 0.05 0.10 0.05 0.10 0.00 0.00 0.00
IND IDN ITA JPN KOR MYS MEX NLD NZL NOR PER
Obs 74 74 74 74 74 74 74 74 74 74 74
Mean 12.06 13.90 9.90 10.03 13.26 9.04 11.50 8.77 8.20 10.08 13.44
Max 29.35 40.85 27.96 34.26 34.03 47.10 29.32 29.81 23.68 39.33 44.95
Min 5.41 4.11 3.61 4.26 5.93 2.64 5.11 3.60 3.76 4.74 6.14
St. Dev. 5.07 7.15 4.37 4.08 6.29 6.87 4.56 4.87 3.46 5.23 6.14
Auto Corr. 0.53 0.66 0.56 0.36 0.69 0.53 0.51 0.64 0.52 0.63 0.57
ADF -2.90 -2.59 -2.36 -3.00 -1.90 -2.73 -2.61 -2.58 -2.55 -2.53 -2.22
ADF(p) 0.10 0.00 0.00 0.05 0.00 0.10 0.00 0.00 0.00 0.00 0.00
PHL SGP ZAF ESP SWE CHE THA TUR GBR USA
Obs 74 74 74 74 74 74 74 74 74 74
Mean 10.95 9.12 11.35 9.58 10.78 7.75 13.52 19.87 8.26 8.31
Max 25.33 26.13 41.05 29.40 29.95 24.53 30.10 41.86 29.15 33.67
Min 4.36 3.74 3.82 4.05 5.23 3.35 6.64 7.43 3.76 3.34
St. Dev. 4.20 4.71 5.67 4.57 4.85 3.80 5.72 7.74 4.28 4.68
Auto Corr. 0.42 0.62 0.47 0.56 0.65 0.55 0.59 0.57 0.61 0.68
ADF -2.64 -2.44 -2.97 -2.11 -2.37 -2.83 -2.15 -1.70 -2.51 -2.47
ADF(p) 0.10 0.00 0.05 0.00 0.00 0.10 0.00 0.00 0.00 0.00

NOTE. Summary statistics of the log-level of real GDP.
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Table D.2 SUMMARY STATISTICS FOR THE COUNTRY REALIZED VOLATILITY LEVEL

ARG AUS AUT BEL BRA CAN CHL CHN FIN FRA DEU

Obs 74 74 74 74 74 74 74 74 74 74 74
Mean 4.67 4.65 4.62 4.61 4.67 4.61 4.68 4.86 4.61 4.60 4.60
Max 5.12 4.93 4.79 4.76 5.00 4.81 5.07 5.89 4.84 4.74 4.73
Min 4.42 4.30 4.40 4.40 4.39 4.32 4.23 3.99 4.29 4.43 4.47
St. Dev. 0.19 0.19 0.12 0.11 0.17 0.16 0.23 0.57 0.16 0.10 0.07
Auto Corr. 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
ADF 0.64 -2.97 -1.26 -1.42 0.57 -1.96 -1.03 2.76 -1.63 -1.55 -0.90
ADF(p) 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

IND IDN ITA JPN KOR MYS MEX NLD NZL NOR PER

Obs 74 74 74 74 74 74 74 74 74 74 74
Mean 4.74 4.74 4.60 4.63 4.67 4.66 4.60 4.59 4.92 4.54 4.72
Max 5.39 5.17 4.69 4.72 5.04 5.08 4.81 4.75 5.11 4.70 5.22
Min 4.16 4.37 4.46 4.55 4.19 4.15 4.31 4.36 4.63 4.23 4.24
St. Dev. 0.36 0.21 0.07 0.05 0.24 0.25 0.15 0.12 0.14 0.13 0.25
Auto Corr. 1.00 1.00 0.99 0.98 1.00 1.00 0.99 1.00 1.00 1.00 1.00
ADF 1.84 0.39 -2.12 -1.41 -1.14 -0.93 -0.52 -1.78 -1.76 -3.09 1.05
ADF(p) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00

PHL SGP ZAF ESP SWE CHE THA TUR GBR USA

Obs 74 74 74 74 74 74 74 74 74 74
Mean 4.70 4.65 4.68 4.62 4.62 4.62 4.73 4.66 4.62 4.61
Max 5.11 5.18 4.98 4.83 4.84 4.79 5.05 5.07 4.80 4.77
Min 4.33 4.06 4.39 4.37 4.36 4.48 4.37 4.27 4.37 4.33
St. Dev. 0.23 0.30 0.18 0.15 0.14 0.10 0.19 0.22 0.13 0.14
Auto Corr. 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99 1.00 1.00
ADF 0.52 -0.16 -0.11 -1.63 -0.86 -0.03 -0.67 -0.72 -1.97 -1.80
ADF(p) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NOTE. Summary statistics of the level of volatility.
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Table D.3 AVERAGE PAIRWISE CORRELATIONS OF VOLATILITY AND GROWTH INNOVA-
TIONS (CONDITIONAL ON f ONLY)

Panel A: Volatility Innovations

Pair. Corr. Pair. Corr. Pair. Corr.
Argentina 0.57 India 0.43 Philippines 0.50
Australia 0.64 Indonesia 0.47 Singapore 0.57
Austria 0.59 Italy 0.56 South Africa 0.64
Belgium 0.53 Japan 0.52 Spain 0.61
Brazil 0.40 Korea 0.51 Sweden 0.62
Canada 0.64 Malaysia 0.33 Switzerland 0.59
Chile 0.54 Mexico 0.59 Thailand 0.40
China 0.50 Netherlands 0.60 Turkey 0.40
Finland 0.24 New Zealand 0.52 United Kingdom 0.63
France 0.63 Norway 0.66 United States 0.63
Germany 0.58 Peru 0.53

Panel B: Growth Innovations

Pair. Corr. Pair. Corr. Pair. Corr.
Argentina 0.00 India -0.10 Philippines 0.01
Australia 0.00 Indonesia 0.00 Singapore 0.05
Austria 0.04 Italy 0.09 South Africa 0.07
Belgium 0.08 Japan -0.04 Spain 0.05
Brazil 0.06 Korea 0.09 Sweden 0.10
Canada 0.04 Malaysia 0.04 Switzerland 0.00
Chile 0.03 Mexico 0.05 Thailand 0.10
China -0.19 Netherlands 0.07 Turkey 0.02
Finland 0.02 New Zealand 0.08 United Kingdom 0.03
France 0.09 Norway 0.05 United States -0.01
Germany 0.06 Peru 0.05

NOTE. Volatility innovations (u) are the OLS residuals of equation (38) without explicit conditioning on
g. Growth innovations (¢) are the OLS residuals of equation (39) as specified above. The average pairwise
correlation across countries is 0.54 and 0.03 for the volatility innovations and the growth innovations

respectively. The statistics are the same as in Figure 6.
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Table D.4 AVERAGE PAIRWISE CORRELATIONS OF VOLATILITY INNOVATIONS (CONDI-
TIONAL BOTH ON f AND §)

Pair. Corr. Pair. Corr. Pair. Corr.
Argentina 0.05 India -0.11 Philippines -0.01
Australia 0.06 Indonesia -0.03 Singapore 0.01
Austria 0.08 Italy 0.09 South Africa 0.07
Belgium 0.07 Japan 0.01 Spain 0.08
Brazil 0.02 Korea 0.03 Sweden 0.09
Canada 0.02 Malaysia -0.04 Switzerland 0.10
Chile 0.02 Mexico 0.03 Thailand -0.06
China -0.21 Netherlands 0.09 Turkey 0.05
Finland -0.03 New Zealand 0.06 United Kingdom 0.09
France 0.12 Norway 0.11 United States 0.03
Germany 0.05 Peru 0.04

NOTE. Volatility innovations (7)) are the residuals of equation (38). The average pairwise correlation across

countries is 0.03. The statistics for the volatility innovations are the same as in Figure 7.
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Figure D.2 GDP GROWTH FORECAST ERROR VARIANCE DECOMPOSITIONS
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NOTE. Other represents the variance share of all other country specific shocks in the model. Forecast error variance decompositions computed as in Appendix B.
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