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1. Introduction

Idiosyncratic return variances represent the uncertainty in stock returns that cannot be
explained by systematic risk factors. Apart from their obvious importance in finance for risk
management and asset allocation decisions, there has been a resurgence of interest in the dynamics
and economic effects of idiosyncratic variances in economics as well. For example, Bartram,
Brown, and Stulz (2012) and Brown and Kapadia (2007) link idiosyncratic volatility to financial
development over time and across countries. A rapidly growing macroeconomic literature, such as
Bloom (2009) and Christiano, Motto, and Rostagno (2014), studies the effect of uncertainty shocks
on real economic activity and business cycles, and document that heightened uncertainty can entail
economic slowdowns through delayed firm investments, or increased precautionary savings by
households.

While macroeconomists often employ stock market data to measure uncertainty, they take
various short-cuts by using aggregate market volatility or measures of cross-sectional dispersion
(see e.g. Bloom (2009)). However, the economic models call for a measure of idiosyncratic
variance, reflecting non-systematic volatility, and, better still, a measure of firm-specific
productivity or output uncertainty. The focus of this article is to analyze the dynamics,
determinants, and commonality of idiosyncratic return and cash flow variances in 23 developed
markets using firm-level stock return and cash flow data. As our key empirical finding, we
document an important global component in the country- and firm-level uncertainty measures for
returns. Furthermore, we propose a dynamic pricing model to identify the economic sources behind
the global commonality of idiosyncratic return variances, finding idiosyncratic cash flow variances

to be the most important determinant.



We start by documenting strong commonality in country idiosyncratic return variances
across 23 developed markets. For the G7 countries, for example, the average correlation of country
idiosyncratic return variances is 66.6%, which is even higher than the average correlation of
country level market returns for the same set of countries of 58.6%. Given that idiosyncratic
variances by definition reflect “non-systematic” variation, the evidence of commonality in
idiosyncratic variances itself is surprising. Computing the global idiosyncratic variance as the
value-weighted average of country idiosyncratic return variances, it explains, on average, more
than 50% of the country idiosyncratic variances.

Next, we find that within each country, firm-level idiosyncratic return variances also
exhibit strong commonality, thereby extending Duarte, Kamara, Siegel, and Sun (2014) and
Herskovic, Kelly, Lustig, and Van Nieuwerbugh (2016), who identify a common factor in the
idiosyncratic volatility of individual U.S. firms. In addition, we show that the global idiosyncratic
variance has substantial explanatory power for firm idiosyncratic variances beyond that of the
country idiosyncratic return variance.

Given the importance of the global idiosyncratic variance in capturing commonality in
country and firm level idiosyncratic variances, we propose and estimate a pricing model to
interpret the empirical dynamics of this global uncertainty measure. Our model is in the tradition
of dynamic valuation models such as Ang and Liu (2004) and Bakshi and Chen (2005), featuring
stochastic discount rates and cash flow growth rates, but incorporates stochastic volatility in their
data generating processes. To be specific, the model features six state variables: the aggregate
discount rate and its conditional variance, the aggregate cash flow growth and its conditional
variance, a measure of growth opportunities, and the global idiosyncratic cash flow variance.

These six variables span both systematic and idiosyncratic return risk at the global level.



We use return on equity (ROE) as the key cash flow variable, and propose a new
methodology to compute a firm’s idiosyncratic cash flows and its variance. We compute the
country and global idiosyncratic cash flow variances as the value-weighted average of firm
idiosyncratic cash flow variances in the country or the global market, respectively. We show
separately that there is also an important common global component in both country- and firm-
level idiosyncratic cash flow variances in all 23 countries, represented by the global idiosyncratic
cash flow variance measure.

The six state variables together explain a substantial part of the time-series variation of
aggregate idiosyncratic variances, with a linear model delivering an adjusted R?s of 59.5%. The
global idiosyncratic cash flow variance by itself explains 26.5% of the variation in global
idiosyncratic return variances, which is the most important determinant among all state variables.
The discount rate also explains a non-trivial fraction of the variation in aggregate idiosyncratic
return variances. We use the conditional market variance to empirically help span discount rate
and aggregate cash flow uncertainty in the model. Confirming results for the U.S. in Bekaert,
Hodrick, and Zhang (2012) and Bartram, Brown, and Stulz (2017), this variable also accounts for
a substantial fraction of the variation in the global idiosyncratic return variance.

Finally, we examine the cyclical properties of the global idiosyncratic return and cash flow
variances. We find them to be predominantly but not always countercyclical. In particular, the
global idiosyncratic variances are negatively correlated with GDP growth, which indicates
counter-cyclicality, before 1997 and after 2005; while they are positively correlated during the

internet bubble period of 1997 to 2005, indicating cyclicality.! The statistical evidence for overall

! This is consistent with the empirical results in Dew-Becker and Giglio (2021) regarding a measure of cross-sectional
uncertainty constructed from stock options on individual firms, which also peaks during the dot com boom and the
Great Financial Crisis but was mostly acyclical.
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countercyclicality at the global level is strong for cash flow but weaker for return variances. At the
country level, there is more uniform evidence in favor of countercyclicality. The finding of
counter-cyclicality is inconsistent with the models in Cao, Simin, and Zhao (2008) and Pastor and
Veronesi (2003, 2006), which imply that idiosyncratic volatility is procyclical. However, it echoes
the recent macro literature suggesting a negative link between uncertainty and future economic
activity.

Our work relates to a large literature attempting to explain the dynamics of idiosyncratic
return variances. In terms of empirical studies, Guo and Savickas (2008) and Bekaert, Hodrick,
and Zhang (2012) investigate the time-series dynamics of international aggregate idiosyncratic
variances, but neither study examines their commonality in the global market. Theoretical research
on idiosyncratic variances includes Cao, Simin, and Zhao (2008) and Pastor and Veronesi (2003,
2006). The former proposes a simple model in which idiosyncratic volatility is related to the
growth options available to managers and the authors argue that aggregate idiosyncratic volatility
is related to the level and variance of these growth options. Our growth opportunity findings
confirm the Cao, Simin, and Zhao (2008) results for the U.S., but our growth opportunity measure
is constructed differently and we verify that it indeed predicts future earnings growth. Alternatively,
Pastor and Veronesi (2003, 2006) formulate asset pricing models with learning in which
uncertainty about a firm’s profitability increases idiosyncratic uncertainty and risk, suggesting a
large role for cash flow uncertainty in explaining idiosyncratic return variances as do we.

In comparison with the previous literature, our main contribution is twofold. First, we
empirically establish the existence of an important global common component of country- and
firm-level idiosyncratic return variances. Second, we propose a pricing model to interpret the time

variation in this global return common component, and find that it is intuitively connected to
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variation in global cash flows. Thus, any theoretical explanation of the dynamics of idiosyncratic
return variances must account for an important global component in both idiosyncratic return
variances and cash flow variances.

The paper is organized as follows. We introduce the data in Section 2. Section 3 establishes
the commonality of idiosyncratic return variances. A pricing model is proposed to explain the
dynamics of the global commonality in idiosyncratic return variances in Section 4. Section 5
presents model estimation results and examines whether the model can explain the global
commonality in idiosyncratic return variances. We investigate the cyclicality of idiosyncratic

return and cash flow variances in Section 6. Section 7 concludes.

2. Data
2.1 Sample

Our sample covers 23 MSCI developed markets during a sample period from January 1980
to December 2017. For U.S. firms, we obtain return data from CRSP and accounting data from
Compustat. For non-U.S. firms, we obtain returns and market values in USD from Datastream and
accounting data from Worldscope.? We apply the following filters to the data: 1) We remove firm-
quarters with market capitalization below USD 5 million at the quarter end?; 2) We remove firm-
quarters with negative total assets at the quarter end; 3) We remove firm-days with daily returns
lower than -100% or higher than 200%, and if the return on date ¢ is greater than 100% (lower than

-50%) and the return on day #+/ is lower than -50% (greater than 100%), then both days are

2 The data coverage starts later for Finland (1987), Israel (1992), New Zealand (1986), Portugal (1988), Spain (1986),
and Sweden (1982).

3 While this screen retains some micro-cap firms, the median market capitalization of international firms tends to be
smaller than that of firms in the U.S. (see Table 1). Because our results are based on value-weighted measures, the
inclusion of relatively small firms does not significantly affect our results.
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eliminated, in a similar spirit to the filters proposed by Ince and Porter (2006) for monthly returns;
4) We remove firm-quarter ROEs with non-positive book value of common equity or ROEs below
-100%, following Vuolteenaho (2002); 5) We winsorize firm-quarter book-to-market (B/M) ratios
and ROEs by country, at the 1% and 99% levels.

Summary statistics for our sample firms are reported in the first two columns of Table 1.
For each developed market, we present the time-series average of the number of publicly listed
firms, and the time-series average of the cross-sectional medians of market capitalization from the
firm-quarter panel. Japan, the U.K., and the U.S. have the largest number of firms, with each
having over 1,000 publicly listed firms, whereas four countries including Austria, Ireland, New
Zealand, and Portugal have fewer than 100 public firms. The average median firm market
capitalizations range between $98 million (Denmark) and $544 million (Spain).
2.2 Defining Idiosyncratic Return Variances

To compute firm-level idiosyncratic return variances, we need to remove systematic risk
from stock returns. Bekaert, Hodrick, and Zhang (2009) examine different asset pricing models
and find that the best performing model for describing comovements among international asset
returns is the world-local Fama-French (1996) factor model, which includes market, size, and
value factors from global and local capital markets. Therefore, we estimate the following
specification using daily returns in excess of the risk-free rate, exret, for each firm i within each
quarter q:

exrety = ajq + Biy " WMKT, + By *MPWSMB, + By "™ WHML,
+Bla " MKT, + B;"° SMB; + B{""HML, + uy, t € q. (1)

The variables WMKT/MKT, WSMB/SMB, and WHML/HML are the global/country level market,

size, and value factors, respectively. For each country, we calculate MKT as the value-weighted
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return of all firms in the country. To obtain SMB, we sort all firms in each country into three size
groups at the end of each June of year y. The country size factor, SMB, for July of year y to June
of y+1 is computed as the value-weighted return difference between firms in size group 1 (smallest
1/3 firms) and size group 3 (largest 1/3 firms). Similarly, the country value factor, HML, for July
of year y to June of year y+/ is computed as the value-weighted return difference between firms
in B/M group 3 (1/3 firms with the highest BM ratios) and B/M group 1 (1/3 firms with the lowest
BM ratios), where B/M is calculated using the book equity for the last fiscal year end in year y-/
and market value at the end of December of year y-1. The global variables WMKT, WSMB, and
WHML are computed as the value-weighted averages of the country level factors. This model
setup allows for time-varying exposures to global and local factors, potentially reflecting changes
in the degree of financial integration over time. After estimating equation (1) for each firm each
quarter, we obtain the time series of firm-specific residuals, u;;. We calculate the idiosyncratic
return variance, IVRET;,, as the variance of the residual term in equation (1), u;¢, for firm i in each
quarter q:

IVRET, = ﬁzteq uZ, 2)
where T is the number of days in the quarter. All return variance measures are annualized by
multiplying by 250, and we delete the top 1% observations in each country to mitigate the potential
effect of outliers.

We report the time-series average of the cross-sectional medians of IVRET in each country
in Table 1, Column III. Across all countries, the average median of IVRET is 0.078. By country,
the highest value is observed for Canada at 0.145, and lowest for Belgium and Switzerland at 0.043.

The U.S. median is at 0.135, which is relatively high, compared to other countries.



Goyal and Santa-Clara (2003) find that the U.S. aggregate idiosyncratic return variance,
calculated as the cross-sectional average of firm-level idiosyncratic return variances, serves as an
important state variable, because it predicts the return on the U.S. market. We define country-level
idiosyncratic variance, IVRETS, for country C in quarter g, as the value-weighted average of the
firm-level IVRET;, within the country. The time-series averages of the country idiosyncratic
variance measures are reported in the last column of Table 1. Across 23 developed markets, the
average country IVRET is 0.050; the country IVRETs range between 0.028 (Switzerland) and
0.072 (Japan). The U.S. IVRET is 0.069, which is the second highest value.

Figure 1, Panel A plots the IVRET time series for Germany, Japan, the U.K., and the U.S.
There is substantial time variation in country IVRETs with two noticeable peaks around 2001 and
2008, suggesting high IVRETSs are more likely to happen around recessions. The plot also presents
some preliminary evidence that country IVRETSs tend to move together over time.

Finally, we compute a global idiosyncratic variance measure, IVRETS, as the value-
weighted average of country level IVRE ch. In Figure 1, Panel B, we present the time-series pattern
for global IVRET, together with NBER recession indicators. There are again two peaks around the
recessions in 2001 and 2008, but note that the variable is already elevated during the dot com boom
and peaks before the 2001 recession. Global IVRET has a mean of 0.063, and a standard deviation

of 0.036.

3. Commonality in Idiosyncratic Return Variances
In this section, we examine the commonality in idiosyncratic return variances in 23
developed markets. Section 3.1 documents that country idiosyncratic return variances exhibit

commonality, and how the global idiosyncratic return variance helps capture it. Section 3.2
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examines the common component in firm-level idiosyncratic return variances within each of the
developed markets.
3.1 Commonality in Country Idiosyncratic Return Variances

To measure potential commonality among country IVRETSs, we calculate the pairwise
correlations of each country’s IVRET with the IVRET of each of the other countries, and report
the average. For comparison, we also compute the average pairwise correlations for market returns
of these countries. Both are reported in Table 2, Columns I and II, respectively.

Across all countries, the average pairwise correlation of idiosyncratic variances is 0.633,
slightly higher than the average pairwise correlation of returns at 0.583. The idiosyncratic variance
correlations are on average higher than return correlations in 21 countries, and lower in only two
countries. In the case of the U.S., the average correlation with other country’s IVRET is 0.661,
while the average correlation with other country’s market portfolio returns is 0.606. Thus,
comovement among country idiosyncratic variances and the U.S. idiosyncratic variance is of the
same order of magnitude as comovements among country returns and the U.S. return. Given that
the return residuals themselves are uncorrelated with the local and global return factors, it is
surprising to see such high cross-country correlations in their second moments. One simplistic
explanation for the strong explanatory power of the global idiosyncratic variance is that the
existing factor models used to remove systematic components from returns are missing an
internationally correlated risk factor which features conditional heteroskedasticity. However, the
results are robust to alternative models to remove systematic risks, and after removing the common
risk factors, the residual returns themselves show no correlation across countries. On average, the

pairwise correlation is only 0.037.



Can this surprising comovement in country idiosyncratic variances across countries be
captured by the global idiosyncratic variance? To answer this question, for each country C, we
project its idiosyncratic return variance, IVRETS, on the global counterpart, IVRETY , as follows:

IVRETf = ac + BcIVRETS + €. 3)

We report the B coefficients and R?s for these regressions in Columns III-V of Table 2,
Panel A. All country level idiosyncratic variances load positively on the global measure, with
coefficients ranging between 0.169 and 1.266, with the average coefficient being 0.626. All
coefficient t-statistics (except Austria’s and Israel’s) are highly significant. The average adjusted
R? for individual country regressions is 0.548, indicating that the global idiosyncratic variance
accounts for a large part of each country’s IVRET. The B, and R? results imply that the global
IVRET is an important factor explaining the commonality of country IVRETs.

As another test of the global IVRET’s ability to capture the comovement of country
IVRETs, the pairwise correlations of eg should be substantially lower than the pairwise
correlations of country IVRETs. In Column VI, we present the pairwise correlations of the residual
eg. While the original correlations of IVRETs are on average 0.633, the average correlation of
these residuals across all countries falls to 0.229.

A popular approach to find commonality among time-series is principal component (PC
henceforth) analysis. Because not all countries have data covering 36 years, we divide the sample
period into three equal non-overlapping periods (1982-1993, 1994-2005, and 2006-2017) and
perform the PC analysis for each subperiod. Panel B of Table 2 shows the time-series average of
the explained variation for the first 5 principal components of the country IVRETs. The first PC,
the most important driver of commonality, explains 70.1% of the cross-country variation of

idiosyncratic return variances, indicating they exhibit a factor structure. The global IVRET has a
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correlation of 0.929 with the first PC, which also indicates that the global IVRET captures a large
part of the commonality of country IVRETs. It also has a 0.204 correlation with the third PC, but
that PC only explains 5.6% of country IVRET variation.
3.2 Commonality in Firm-Level Idiosyncratic Return Variances

Our strong evidence of commonality in country idiosyncratic variances can potentially
shed new light on recent intriguing results regarding commonality among firm idiosyncratic return
variances. Using U.S. data, Duarte et al. (2014) and Herskovic et al. (2016) identify an important
common factor in firm-level idiosyncratic return volatilities. Our results suggest a global factor
may be partially responsible for this commonality.

A necessary condition for this to be true is that the pattern documented in Duarte et al.
(2014) and Herskovic et al. (2016) is present in most other countries. To find out, we first conduct
a principal component analysis using all firm-level IVRETs within each country in each 12-year
subperiod. We report the summary statistics of the within-country PC analysis in Table 3, Panel
A. In Column I, we present the time-series average of the percentage of overall variance explained
by the first PC within each country over the three subperiods. For the U.S., the first PC explains
33.2% of the variation across firm-specific IVRETs. Duarte et al. (2014) use the log of monthly
idiosyncratic volatility and find that the first common component explains a third of the variation,
which is comparable to our results. Herskovic et al. (2016) regress annual idiosyncratic volatility
on the equally weighted average (likely highly correlated with the first PC), finding an R? of 0.35.
For all 23 countries, this number varies between 26.3% for France and 61.3% for Ireland, and the
average across countries is 38.7%. Thus the factor structure documented in Duarte et al. (2014)

and Herskovic et al. (2016) is not unique to the U.S. but widespread across developed markets.
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It is natural to ask what is behind the commonality among firm idiosyncratic return
variances, documented by the PC analysis. Is this commonality also driven by the global
idiosyncratic variance? To answer this question, for each firm i in country C, we project the firm-

level idiosyncratic variance, IVRET;,, onto both country and global idiosyncratic variances as

follows:
IVRET;, = af + B{ IVRET{ + B{ IVRETS + ¢f,i € C . (4)
For comparison, we also run regressions using only IVRE ch as the independent variable.

For the latter regression, we report the median adjusted R? across all firms within each
country in Table 3, Columns II. The average median adjusted R? across countries is 0.135, when
we only use the country idiosyncratic variance, which just reflects the within-country commonality
already showing up in the PC analysis. We show the median adjusted R? of the regression (4) in
Column III. The addition of the global idiosyncratic variance increases the R? to 0.185 on average.
Clearly, the commonality of idiosyncratic variances at the firm level, within the country, is driven
by both global and country idiosyncratic variances, with the former increasing the explanatory
power by about 50% relative to the country idiosyncratic variance.

Given the within-country commonality evidence, it is natural to ask whether there is
commonality in firm idiosyncratic return variances across countries? To examine this issue, we
estimate principal components for all firms across countries in our sample. Summary statistics on
the PC analysis are reported in Table 3, Panel B. The first PC explains about 25.3% of the variation
in firm IVRETsS across countries. The first three PCs added together explain 41% of the variation
of firm IVRETs. Clearly, there is substantial global comovement among firm-level IVRETs. To
verify whether this commonality can be captured by the global idiosyncratic variance, we compute

the correlations between the PCs and global IVRET. The correlation between the first PC, the most
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important commonality variable, and the global IVRET is 0.705; and the global IVRET is also
nontrivially correlated with the second PC. This confirms that the global IVRET captures the
commonality among firm level IVRETs.

To summarize this section, we document strong commonality in country-level
idiosyncratic return variances and in firm-level idiosyncratic return variances within and across
countries. We provide new evidence that the global idiosyncratic return variance is an important
determinant of these commonalities. This fact naturally steers us towards a global pricing model

to explain the determinants of the global idiosyncratic return variance.

4. A Pricing Model for Explaining Commonality in Idiosyncratic Return Variances

In this section, we sketch a dynamic pricing model to help interpret the dynamics of the
global idiosyncratic return variance. The model is designed to be simple and tractable, and connect
the global idiosyncratic return variance to aggregate and firm-specific variability of earnings
growth, time-varying expected earnings growth, and time-varying discount rates, in the tradition
of dynamic stock valuation models such as Ang and Liu (2004), Bakshi and Chen (2005), and
Bekaert and Harvey (2000). Relative to extant dynamic valuation models, both the discount rate
and cash flow process are more elaborate to accommodate time-varying volatility. The model
further includes a growth opportunity variable distinct from other cash flow growth variables, as
in Cao, Simin, and Zhao (2008).

We do make the simplifying assumption that firms operate in an integrated world economy.
While a hybrid model with both local and global factors may be preferred, our previous results in
Section 3 suggest that the global factor tends to be dominant and explains a large portion of

aggregate idiosyncratic return variances in all 23 countries. We therefore focus our attention on
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explaining variation in this global idiosyncratic return variance. In addition, instead of calibrating
the model fully and solving for price earnings ratios and endogenous returns, we only use the
model implication that the dynamics of global idiosyncratic return variances depend on all state
variables and employ a regression framework to estimate the relation.

We describe the global aggregate environment in Section 4.1, model dynamics at the firm
level in Section 4.2, and discuss the model implications in Section 4.3. The technical details and
more extensive motivation are provided in the Appendix. Readers not interested in the technical
details of the model can skip to Section 4.3.

4.1 The Aggregate Environment

The global economy features an aggregate discount rate (ADR), a discount rate variance
variable (ADRYV), an aggregate growth opportunity (AGO), an aggregate earnings or cash flow
process (AE), as well as aggregate uncertainty about earnings or cash flow shocks measured by
their volatility (AEV). We use “A” to denote aggregate variables and “F” to denote firm level
variables. The model consists of standard dynamic processes for discount rates and cash flows,
while incorporating time-varying volatilities. One can view the model as a dynamic version of the
Gordon growth model, thus there is no explicit pricing kernel.

We start with the discount rate, ADR. The time variation in ADR is driven partially by
aggregate cash flow uncertainty, AEV, and partially by pure discount rate shocks, €4pr, which can
be attributable to changes in sentiment, or economically motivated changes in aggregate risk
aversion (see Bekaert, Engstrom, and Xu (2021) for more discussion)). The conditional mean of
the discount rate features an autoregressive term, but also depends on AEV. The discount rate’s
conditional variability depends on both aggregate cash flow uncertainty and discount rate specific

volatility, ADRV"
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ADR; = papg + paprADR:_1 + $apr apvAEV:_1

+0aprADRV:_1€apRt + OapraEv AEVi_1€aEV t- (5)
All shocks (€’s) in the model follow independent N (0,1) distributions.

The discount rate specific uncertainty, ADRV, follows a simple autoregressive square root process:

ADRV; = tapry + paprvADRV_1 + 04pry+/ ADRV_1€4pRY t- (6)

The aggregate cash flow uncertainty, AEV, follows a square root process as well. The conditional
mean of aggregate cash flow uncertainty has an autoregressive component, but also depends on a

growth opportunity state variable, AGO, as suggested by Cao, Simin, and Zhao (2008)*:

AEV: = pagy + papvAEVi_1 + PacoAGCO:_1 + 045y~ AEV 1845y ¢ (7)

The growth opportunity variable, AGO, is modeled as a first order autoregressive process:
AGO: = pagoAGO_1 + 0x60€a60,t- (8)
Of course, growth options should, by definition, increase earnings growth in the future when they
are realized, and thus, growth options should affect expected earnings growth. We first define
aggregate earnings growth, AEG, as follows:
At

E.
AEGt = l'flﬁt_1 (9)

where EA is total earnings. Then we model the conditional mean of aggregate earnings growth,
AEG, as driven by AGO and the one-period lagged aggregate ROE, AROFE, measured as net income
divided by book equity. This assumption follows a long tradition in the accounting literature

(Nissim and Ziv, 2001). In this study, we choose ROE as the key cash flow variable, because

4 They rely on the standard intuition that a firm’s equity is a call option on the firm’s assets, giving a firm’s manager
an incentive to increase the variance of the firm. The manager can do so by selecting investments with the most non-
systematic risk from the opportunity set. That is, while assets in place generate a particular conditional variance of
future cash flows, the arrival of a growth option adds to the uncertainty of the future cash flows, thus increasing the
conditional variability of the firm’s future cash flows. We assume such a mechanism at the aggregate level.
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earnings growth rates can be quite noisy, especially at firm level. In the earnings growth model,

ROE naturally captures the profitability of assets in place:

AEG; = papc + Parc,aroe AROE 1 + @46 46046011

+04kG €a86,t T Oapc,aEvy AEVi—1€agy ¢ (10)

Note that the time-variation in earnings variance is driven by AEV but there is also a homoskedastic
shock.

The conditional mean of AROE depends on its own past, the aggregate discount rate, and

the growth opportunity variable. Moreover, its conditional variance depends on cash flow

uncertainty:

AROE; = laror + ParoEAROE(_1 + $aroe,aprADR:—1 + GaroE,460AG0:—1

+0aroE€AROEt T OaroE,AEVY AEVi_1€4EV 1 (11)
Note that AEV spans time variation in the conditional variance of both AEG and AROE and thus
captures time variation in aggregate cash flow uncertainty.
Altogether, there are five state variables in total that we collect in the state vector X; =
[ADRt, ADRV, AGO;, AROE;, AEV:]"
4.2 Modeling Firms
Firms differ from one another because they have different sensitivities to the aggregate
state variables we introduced, and also face idiosyncratic uncertainty about their cash flows with
time-varying volatility FV;, which follows a square root process:
FVie = (1= i + piFVie—s + 003/ FVie_1€pv it (12)
Given the aggregate pricing environment, a firm is characterized by three main “systematic”
exposures: its discount rate exposure, its cash flow exposure, and its aggregate volatility exposure.

Specifically, for firm 7, the firm discount rate, FDR;, follows:
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FDR;; = (1 — B)rs + B;ADR,, (13)

which is a version of the conditional CAPM, assuming a constant interest rate.
Furthermore, the firm-specific earnings growth rate, FEG;, follows:

FEGy = ViAEGy + [ FVit_1€FEG it (14)
By modelling the cash flow exposure this way, the y coefficient captures both exposures to the
cash flow level variable and cash flow variability, AEV. Therefore, a firm is characterized by just
two “systematic” exposures: discount rate exposure, 5, and cash flow exposure, y. Because firm-
specific cash flow uncertainty varies through time, it affects the firm’s valuation ratios and firm-
specific return volatility. It would be trivial to allow additional exposures, but this simple model
suffices to generate meaningful dynamics for aggregate idiosyncratic earnings variability.
4.3 Model Solution and Implications

In the Appendix, we show that, given normally distributed shocks, a firm’s price earnings

ratio is the infinite sum of exponentiated affine functions of the state variables, that is, the five
aggregate state variables, and idiosyncratic cash flow variability. Return expressions then follow
straightforwardly. In our model, an increase in idiosyncratic cash flow variability increases prices.
This is analogous to Pastor and Veronesi (2003, 2006)’s result that the market to book ratio of a
firm is increasing in idiosyncratic uncertainty because of the convex relation between future
payoffs and variability. However, our model also features time-varying aggregate uncertainty; an
increase in aggregate uncertainty may directly increase discount rates and therefore decrease prices.
With both effects present, the model is potentially consistent with the simultaneous occurrence of
high levels of idiosyncratic variability and high prices in, for example, the Tech boom of the 1990s,

together with the elevated levels of systematic and idiosyncratic variability in, for instance, the
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2008 financial crisis (see also Figure 2). We address the cyclicality of idiosyncratic return
variances in Section 6.

Consider the price earnings ratio for a portfolio with unit exposure to ADR and AEG and
no idiosyncratic cash flow shocks. This portfolio consequently contains only systematic risk and
can be viewed as a benchmark global “market” portfolio. Because of the non-linearities in the
model, this portfolio’s return and all its moments are a function of all state variables. We can then
approximate the gross return for this portfolio as a linear function of the state variables. Conditional
on this linearization, the conditional variance of this market portfolio is a function of any state
variable that has a time-varying conditional variance. In this model, aggregate cash flow and
discount rate uncertainty are therefore the only variables that matter. Exploiting this fact, we use
the conditional market variance together with the conditional variance of cash flows as empirical
proxies spanning these two types of uncertainty in the model. For an individual firm, the variability
of firm-specific earnings growth is an additional variable driving its return variability, conditional
on a similar linearization.

If we control for all systematic sources of return variability perfectly, the time variation in
the conditional idiosyncratic return variability would primarily be a function of idiosyncratic cash
flow variability. However, standard models to compute idiosyncratic variability, such as our Fama-
French model, are unlikely to adjust for all systematic sources of returns, consistent with the model.
Moreover, absent the linearization, computing the conditional variance of returns involves taking

the conditional variance of an infinite sum of exponentials of a linear function of the state variables;
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thus, all state variables should matter.’> This implies that the total volatility and idiosyncratic
volatility for every firm depend on all the state variables introduced here.

The pricing model thus suggests that the following variables span the aggregate
idiosyncratic return variance: the aggregate discount rate, the conditional market variance,
aggregate growth opportunities, the aggregate return on equity, the conditional variance of
aggregate cash flows, and, importantly, the aggregate idiosyncratic cash flow variance. Our
empirical approach then links the aggregate idiosyncratic return variance to the empirical proxies

for these variables in a regression framework.

5. Explaining the Global Commonality in Idiosyncratic Return Variances

In this section, we describe the construction of each state variable in Section 4 and use
them to explain the global commonality in idiosyncratic return variances. Section 5.1 focuses on
the aggregate idiosyncratic cash flow variance, since it is potentially the most fundamental source
of comovement across idiosyncratic return variances. Section 5.2 describes the construction of the
other state variables. Finally, Section 5.3 reports the explanatory power of the various state
variables.
5.1 Aggregate Idiosyncratic Cash Flow Variance

Idiosyncratic cash flow variability is a natural determinant of idiosyncratic return
variability. While there has been some research linking the time variation of U.S. aggregate

idiosyncratic return variances to cash flow variances (see Wei and Zhang (2006), Bekaert, Hodrick,

5 Veronesi (1999) and Pastor and Veronesi (2006) suggest that in a learning story, the dependence of endogenous
variables on state variables may be different in good times and bad times. Such a channel to generate business cycle
dependence is missing in our model.
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and Zhang (2012), Herskovic et al. (2016), and Bartram, Brown, and Stulz (2017)), there has been
virtually no research on this link in an international context.® In this section, we first propose a
method to calculate the idiosyncratic cash flow variance. Then, we examine the commonality in
idiosyncratic cash flow variances, following a parallel structure to Section 3, in which we
document strong commonalities of idiosyncratic return variances across countries.

5.1.1 Defining Idiosyncratic Variances of Cash Flows

There is no well-accepted methodology to compute idiosyncratic variances of cash flow
variables. Irvine and Pontiff (2009) use a pooled AR(3) model for firms’ earnings per share to
create earnings innovations, and then use the cross-sectional variance of these innovations as a
fundamental idiosyncratic risk variable. Zhang (2010) and Bekaert, Hodrick, and Zhang (2012)
use the value-weighted firm-level time series variance of return on equity computed using the last
12 quarters of data, and the cross-sectional variance of return on equity. Bartram, Brown, and Stulz
(2017) use the squares of the change in various measures of cash flows for firm i minus the value
weighted cash flow change across all firms. These approaches either fail to control for systematic
exposure or make other strong implicit assumptions, such as unit betas with respect to simple
aggregate benchmarks.

We propose a new methodology using ROE as our cash flow variable as in Vuolteenaho
(2002). The ROE is defined as earnings divided by last period’s book equity. For the U.S. sample,
we obtain quarterly “Net Income” (NIQ) and the “Book Value of Common Equity” (CEQQ) from
the Compustat quarterly file. To mitigate potential seasonality in our quarterly ROE data, we
compute an annualized ROE as the trailing 4-quarter net income divided by common equity at the

beginning of the period. Thus, for firm i at quarter ¢, annualized ROE is computed as follows:

6 Bekaert, Hodrick, and Zhang (2012)’s last section provides some preliminary analysis for the G7 countries.
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_ Z?=q_3 Net Income;;

ROE (15)

{4 ™ common Equity; 4y’
For firms outside of the U.S., we compute ROE by dividing “Net Income” (WC01651 or DWNP)
by the “Book Value of Common Equity” (WC03501 or DWSE). Notice that the coverage of non-
U.S. firms’ accounting data can be sporadic at the beginning of the sample, with only annual data
of the accounting variables being available. Nevertheless, because our data only covers 38 years,
we choose to use the quarterly frequency for our ROE time series data. When the quarterly data
are available, we compute ROE for non-U.S. firms as in equation (15). When only annual data are
available, we transform the annual data to quarterly data by computing ROE for firm i at quarter
q in year y as follows:

q q
ZNet Income;,,+ (1—Z)Net Income;, 4

ROE, = (16)

Common Equity;,—,
That is, we approximate quarterly observations of net income, using annual net income, as a
weighted average of the annual net income from the previous year, y-1, and the current year y.’
To compute idiosyncratic cash flow shocks, we construct a linear factor model that mimics
the approach in Bekaert, Hodrick, and Zhang (2009) to explain comovements of international stock
returns. The model combines local and global Fama and French (1993) factors, that is, factors
capturing the market, size, and value dimensions, for firm-level ROE’s. Similar to the construction
of return factors in Section 2.2, we construct the country ROE market factor as the value-weighted
ROE of all firms in the country. The size ROE factor is the difference between value-weighted

ROE:s of the smallest 1/3 of firms and largest 1/3 of firms. The value ROE factor is the difference

7 For robustness, we also compute all ROE measures using only annual data. In addition, we consider an alternative
transformation by computing quarterly observations of annual ROE as weighted average of the annual ROE from the
current and previous years: ROE; = q/4*ROE; ;+(4-q)/4*ROE; .. The results are generally similar to what we report
in the main text and are available upon request.
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between the value-weighted ROEs of the 1/3 of firms with the highest B/Ms and the 1/3 of firms
with the lowest B/Ms. Global ROE factors are value-weighted country-level ROE factors.®

We use these ROE factors to estimate a factor model for firm-specific ROE’s using both
the country and global factors. Given the low frequency nature of the accounting data, we estimate
the following panel model within each country:

ROE;, = (aq; + a;size; gy + azBM; 1) + (b + bysize; 41 + b,BM; ;1 )WMKTROE
+(co + cy5ize; g + c;BM; 41 )WSMBEOE + (d, + dysize; _y + dyBM; 4 )WHMLEOE
+(eo + e1size;q_1 + €,BM; o1 )MKTEOE + (fo + fisize; g—1 + f2BM; q_1)SMBESE

+(go + g15izeq—1 + g2BM; g1 )HMLEOF + uflF, (17)
where size; ;_; and BM; ,_; are the log size and the book-to-market ratio for firm i from the
previous quarter g-/, and each country ROE factor is orthogonalized with respect to the global
counterpart. We allow for time and cross firm variation in the factor loadings, with the factor
loadings being linear functions of firm’s own size and book-to-market ratio. With only quarterly
observations on ROE, the panel specification substantially increases statistical power. We also
include firm fixed effects to take into account constant firm-level differences in ROE. This new
methodology to compute idiosyncratic variances of cash flow variables does not make the strong

assumptions implicit in the existing methodologies.

8 The summary statistics for the country and global ROE factors can be found in the Online Appendix Table OA1,
Panel A. The ROE market factors are on average positive for all countries, ranging between 7.57% (Japan) and 18.97%
(U.S.). Interestingly, the country size factors are all negative on average, ranging between -20.11% (U.S.) and -4.40%
(Austria), indicating small firms have lower ROE’s than large firms. The value factors are also all negative ranging
between -23.28% (U.K.) and -6.21% (Japan). On average, value firms have lower ROEs than growth firms.
 We report the parameter estimates for the panel regression in the Online Appendix Table OA1, Panel B.
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The key deliverable of the model is the idiosyncratic cash flow residual, ur°f. Because we
only observe one residual for each firm in each quarter, we employ a kernel method to estimate
the idiosyncratic ROE variance over 20 quarters, as follows:

IVROE;y = 421 wie (uf?®)?, (18)
where the kernel is Gaussian with a bandwidth of 4 quarters:

*

Wk *
-, and wy =

1
Wy = oot— ——e
k The_10 W 4xv2m

2, (19)

That is, the kernel estimate for quarter ¢ puts the most weight on quarter ¢’s squared residual (the
weight is 0.101), but it also uses “nearby” squared residuals up to 10 quarters before and after the
current quarter, with the lowest weight being 0.004. Lacking higher frequency data, the kernel
method exploits slower moving ROE dynamics and the persistence of variances, to provide an
adequate variance estimate, centered around the current squared residual.'? To mitigate the effect
of outliers, we delete the top 1% observations in each country.

Summary statistics for IVROE are reported in Panel A of Table 4, Columns I and II. For
each country, we report the time-series averages of the cross-sectional medians of firm-specific
IVROE in Column I. The median IVROE is the highest for Norway at 0.019 and lowest for Japan
at 0.002. For the U.S., the median IVROE is 0.007. As shown in Column II, the average country
IVROE ranges between 0.005 (Singapore) and 0.025 (Israel), and the U.S. IVROE is 0.018 on
average, putting it approximately at the 75" percentile of all countries. Figure 2, Panel A presents
time series of country IVROEs for Germany, Japan, the U.K., and the U.S., respectively. Both the

U.K. and the U.S. feature elevated IVROEs around 2001, 2008, and 2017, while the IVROE of

10 Alternatively, we can define a spot measure of IVROE for each quarter g as the squared residual, (uﬁfE 2 Our

results are qualitatively similar using this measure. We employ the kernel measure because it is a more adequate
estimate for variance and better captures the slow-moving dynamics of ROEs.
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Germany is highest in 2003, which is about the mid-point of Germany’s recession then. The
IVROE of Japan exhibits significantly less time variation compared to the IVROE of other
countries.

Finally, we compute the global IVROE, IVROE¢, as the value-weighted average of
country level IVROE in quarter ¢g. The global IVROE has a mean of 0.013 and a standard deviation
of 0.004. The time-series plot for global IVROE is presented in Figure 2, Panel B. The global
IVROE peaks around 2000 and in the global financial crisis in 2008, similar to the global IVRET
measure, except that the global IVROE also shows a recent peak in 2017.

We also consider seven alternative models to estimate IVROE. First, we estimate the panel
model using three versions of a 20-quarter estimation: rolling windows, either using the last
squared residual of the rolling window or the actual variance of the 20-quarter period, and seven
non-overlapping samples of 20 quarters, where we use the squared residuals. Second, we also
consider an alternative more parsimonious model, which we estimate for each firm i in each
country C (we require at least 15 observations):

ROE;; = a; + bWMKTERE + ¢;MKTEI® + uf’® (20)
This model is estimated using the four approaches used for the panel model (full sample, two
rolling windows approaches, non-overlapping 20 quarter samples).

For all these models, we verify that the residuals do not feature substantive common
components by tabulating properties of the cross-country residual correlations (see Online
Appendix Table OA2). The rolling window methodologies, whatever model is used, deliver mostly
uncorrelated residuals (the average correlation is below 0.1), whereas the full sample

methodologies leave more positive correlations, which can be on average close to 0.2. While we
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show the results for the full sample panel model, we derive all ensuing results for all eight models
and they prove remarkably robust. We therefore retain the full sample panel model.
5.1.2 Commonality in Country and Firm Idiosyncratic ROE Variances

The evidence presented in Section 3.1 and 3.2 indicates that country and firm idiosyncratic
return variances share important commonalities, and the global IVRET captures this commonality
to a large extent. Do country and firm idiosyncratic ROE variances show the same pattern? To
examine this question, we first report the average pairwise correlation coefficients for each
country’s IVROE in Panel A of Table 4, Column III. The cross-country average of pairwise
correlations of country IVROEs is 0.138, and the average pairwise correlation between the U.S.
and other country’s IVROE is 0.115. In comparison with the correlations of IVRET, while the
correlations of IVROE are positive overall, they are substantially lower than those associated with
idiosyncratic return variances. Our panel full sample methodology to estimate IVROE delivers a
very conservative estimate of the comovement, as the alternative methodologies all deliver higher
average correlations, varying between 0.169 and 0.235.

Can the commonality in IVROE be captured by the global IVROE? To answer this question,

we estimate the following time-series regression by country:

IVROES = afOF + BROEIVROES + £5°%F . 1)
The loadings on the global IVROE, BROE reported in Column IV of Table 4, are positive in 18
out of 23 countries, and are statistically significant in most cases. The R? in Column VI is on

average 0.203, varying between 0.461 and 0.796 for the largest countries (U.S., U.K., and Japan).

C,ROE

Column VII further presents the pairwise correlations of the residuals &,

, which are on average

0.057, much lower compared to the pairwise correlations of country IVROE of 0.138. That is, the

global IVROE variance is clearly important for explaining country level IVROE. In comparison
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with the results in Table 2, the explanatory power of global IVROE for country IVROE is weaker
than that of global IVRET for country IVRET.

In addition to the regression approach, we also adopt a principal component analysis
approach and show an alternative perspective for commonality of country IVROEs. In Table 4,
Panel B, the first PC of country IVROE explains 62.5% of the cross-sectional variation in country
IVROEs, and the second PC explains around 17%. The global IVROE is 0.608 correlated with the
first and 0.530 correlated with the second PC.

Section 3.2 provides evidence for firm-level commonality in IVRETSs both within country
and across countries. Can this commonality be attributable to the commonality in firm-level
IVROESs? In Table 4, Panel C, we first report summary statistics regarding the commonality in
firm-level IVROEs within each country. of the results.!! In Column I, we present the time-series
average of the percentage of overall variance explained by the first PC within each country over
the three subperiods. On average, the first PC explains 54.8% of the variation in firm IVROEs. For
firms in each country, we estimate the regression of firm [IVROE on country IVROE and report
the median adjusted R? from the regression in Column II. The average median adjusted R? across
countries is 0.141. We then additionally include global IVROE in the regression and show the
median adjusted R? in Column III. The addition of global idiosyncratic variance increases the
adjusted R? to 0.376 on average, which more than doubles the explanatory power for firm IVROE.
These results indicate that the global IVROE captures a large part of commonality in firm-level
IVROE:s. Panel D of Table 4 further examines the commonality in firm IVROESs across countries,
using PC analysis. The first (second) PC explains 38.3% (28.4%) of the variation in firm IVROEs

in all countries. With relatively high variations explained by both first and second PCs, both PCs

' The country-by-country results are reported in the Online Appendix Table OA3.
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are important for describing the commonality of firm IVROEs. The global IVROE is strongly
correlated with the first PC with a correlation of 0.410, and even more strongly correlated with the
second PC, with a correlation of 0.725.

The evidence altogether suggests that similar to idiosyncratic return variances,
idiosyncratic cash flow variances also exhibit a surprisingly important global component.
5.2 Other State Variables

In this subsection, we briefly outline the measurement of the other state variables at the
quarterly frequency. All the data are obtained from Datastream. Further details can be found in the
Appendix.

We begin with the conditional variance of global market returns, ACV. In the model, this
variance is spanned by discount rate and cash flow uncertainty so that we can equivalently employ
this aggregate market return uncertainty and cash flow uncertainty as the two state variables. That
is, ADRYV is replaced by ACV. Bekaert, Hodrick, and Zhang (2012) find an estimate of aggregate
return uncertainty to be significantly linked to aggregate idiosyncratic uncertainty in the U.S., a
result recently confirmed by Bartram, Brown, and Stulz (2017). Inspired by Corsi (2009) and
Bekaert and Hoerova (2014), we estimate ACV as the fitted value of the regression below:

RV, = a+bVIX2_; + cRV,L, + dRV;™;, + eRVy’; + v, (22)

where the quarterly realized variance of daily global market returns in quarter g, Rl/;]q, is projected
on the squared VIX index, and the quarterly, monthly, and weekly realized variances of daily
returns at the end of the previous quarter.

The second state variable is the global discount rate ADR, which is the conditional expected
global market gross return. Therefore, we compute 4DR as the fitted value from the following

regression specification:
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In(1+ RETy) = a + bACV,_4 + cADY,_, + d(VIX2_, — ACV,_4) + ug, (23)
where RET], is the return on the Datastream World Market Index over quarters (q-3, q), ACV is the

conditional market variance, ADY is the global dividend yield. The last independent variable is the
variance premium measured by the difference between the squared VIX index and the conditional
market variance, which was first shown to predict equity returns in Bollerslev, Tauchen, and Zhou
(2009). Under the null of the CAPM, the aggregate conditional variance should capture time
variation in risk premiums, but the variable has proven to be a weak predictor of future stock
returns. By including the highly persistent dividend yield, likely the most popular predictor of
stock returns, and the much less persistent variance risk premium, the specification potentially
embeds both a persistent and more rapidly mean-reverting component in expected stock returns
(see also Martin (2017) and Bekaert and Hoerova (2014)).

The three remaining state variables characterize cash flow growth dynamics. Given our
focus on ROE as the cash flow concept, we focus on global ROE, which is computed as net income
(NI) divided by lagged book value (BV) of the Datastream World Market Index. Then we compute
AROE as the natural logarithm of (1+ global ROE).

Our fourth state variable is the conditional aggregate variance of the cash flows, AEV. To
obtain the time series of this conditional variance, we estimate the following GARCH-in-Mean
specification:

AROE; = a+ bAROE,_, + cAEY;_, + dACV,_4 + eADR;_, + V44 tuy, (24)
Vs = Eq_q[u2] = exp(a + Bln(uZ_,) + YAEY,_4 + pACV,_4 + 9ADR,_,), (25)
with AEY, representing the global earnings yield. The parameters are estimated by maximum
likelihood and are presented in the Appendix. The fitted value of 1 is the conditional variance of

cash flows, AEV.
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In the model, the cash flow equation for earnings growth and ROE features the last,
unobserved state variable, AGO. However, under the null of the model, the earnings yield is an
exact function of all the state variables, including AROE, ADR, and the conditional variance
variables. The growth opportunity variable should represent the part of the earnings yield that is
unrelated to discount rates, cash flows and their variances, and by definition increase expected
earnings growth and also the variability of the firm’s future cash flows. Using the model’s
implication for the earnings yield, we then obtain AGO as the residual from the following
regression:

AEY; = a + bAROE, + cACV; + dADR, + eAEV; — AGO,. (26)
For AGO to be a valid growth opportunity variable, it should predict earnings growth. In each
quarter, we calculate EBIT growth for the Datastream Total Market Index as the growth rate of
trailing 4-quarter EBIT over the same quarter of the previous year. A projection of this annual
earnings growth rate at t+k on AGOy yields statistically significant coefficients on AGO; (at the
10% level or better) for k =4 through 6. The predictive power is strongest for earnings growth one
year ahead (k = 4) with a coefficient (t-statistic) of 7.655 (2.85) and an adjusted R? of 0.178. We
report the regression results in Online Appendix Table OA4, Panel A.
5.3 Explaining the Global Component in Idiosyncratic Return Variances

Table 5, Panel A reports the summary statistics and correlations for the global IVRET and
all the state variables. In terms of mean and standard deviation, the discount rate is on average
7.93%, with a 5.98% volatility. The latter is quite high, consistent with recent work by Martin
(2017) and Bekaert, Engstrom, and Xu (2019). In comparison, the AROE has a higher mean at

11.34%, and a lower volatility of 2.13%, which is consistent with the smooth nature of cash flow

29



variables. Note that the mean of the growth opportunity variable is zero (as it represents a residual
from a regression).

We first link the state variables to global IVRET by presenting correlations. The correlation
between global IVRET and global IVROE is 0.451, suggesting that global IVROE can indeed
explain a substantial part of the variation in global IVRET, consistent with our pricing model.
Additionally, global IVRET is significantly correlated (at the 10% level) with all the other state
variables except AEV. The correlation between global IVRET and the discount rate is negative,
which is surprising because it is typically surmised that discount rates are countercyclical (see e.g.
Campbell and Cochrane, 1999). We verified that the negative correlation with idiosyncratic
variables is mostly driven by the extreme low discount rate period occurring during the Tech Boom,
which coincided with very elevated idiosyncratic variances.

To further investigate what explains the global component of the idiosyncratic return
variances, we first project it on each of the six state variables suggested by the model one by one,
then we include all the state variables together in the final regression. From Table 5, Panel B, five
out of the six state variables have significant coefficients (at the 10% level) in univariate
regressions I to VI, which is consistent with the correlation results above. Global IVROE has a
positive and highly significant coefficient, and by itself produces an adjusted R? of 0.265. High
discount rates are associated with low IVRET. The coefficient is -0.286 with a t-statistic of -5.57,
and the adjusted R? is 0.203. Meanwhile, better growth opportunities are also associated with high
IVRET, with a coefficient of 0.762 (t=1.95), and an adjusted R? of 0.023. This result is consistent
with the finding in Cao, Simin, and Zhao (2008) and Bekaert, Hodrick, and Zhang (2012) that the

market to book ratio is significantly correlated with the aggregate idiosyncratic return variance,
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which they interpret as a growth opportunity effect. Our result is stronger in that we use a price
variable cleansed of discount rate effects and shown to predict future earnings growth. !2

In regression VII, when all the state variables are included, the adjusted R? is 0.595, and
all state variables are statistically significant except AEV. We report a covariance decomposition
for regression VII in the last column. That is, for each state variable X, we report the estimate of
cov(¥y, B}Xt,l-) Jvar(¥;), where ¥, is the fitted value of the regression and f3, is the regression
coefficient for state variable i. This decomposition adds to 100% across the different explanatory
variables. Three state variables contribute meaningfully to variation in idiosyncratic variances,
global IVROE (accounting for 33.97% of the explained variation), the conditional market variance
(accounting for 23.74%), and the discount rate (accounting for 31.25%). Our results are robust to
our seven alternative methods to estimate IVROE. The coefficient on global IVROE is always
significant, and the variation explained by global IVROE based on the covariance decomposition
is 30.7% when averaged across the seven alternative methods.

While the R? is high, it does not fully reflect the explanatory power of these state variables.
Because of the non-linearity in the pricing model, higher order functions of the state variables are
likely to matter as well. When we partially accommodate these non-linearities, by running a
regression of IVRET on the levels, squares and cross-products of the state variables, the adjusted
R? increases to 0.834.'3 Hence, our state variables almost perfectly fit the time-series variation in

global idiosyncratic variances.

12 To verify the robustness of our results to an alternative growth opportunity variable, we recalculate our results using
the market to book ratio for the Datastream World Market Index, and report the results in Online Appendix Table
OAA4, Panel B and Panel C. We find the M/B ratio to be a significant determinant of the global IVRET variable, but it
fails to predict future earnings growth, so that it is not clear it really captures growth opportunities.
13 The regression results are reported in the Online Appendix Table OAS.
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Overall, our results suggest that the time-series variation of the global idiosyncratic return
variance is most substantially related to the global idiosyncratic cash flow variance, the conditional

market variance and aggregate discount rate variation.

6. Cyclicality of Idiosyncratic Variances

The models of Cao, Simin and Zhao (2008) and Pastor and Veronesi (2003, 2006) suggest
that the idiosyncratic variances are procyclical, meaning they are high in good economic times,
but low during recessions. The macro literature, on the other hand, proposes that high uncertainty
predicts future economic slowdowns. '* Additionally, the time-series plots of idiosyncratic
variances in Figures 1 and 2 seem to suggest that they tend to increase in recessions. In this section,
we formally examine the cyclicality of idiosyncratic variances in our global sample.

To measure business cycles, we focus on NBER business cycle dates and GDP growth.
NBER expansion is a dummy variable that is one during an NBER-dated expansion and zero
during an NBER-dated recession. For global GDP growth, we obtain seasonally adjusted nominal
GDP and GDP deflator data aggregated over all OECD countries from the OECD. We first
compute real GDP by deflating nominal GDP by the GDP deflator. Next, we calculate the
annualized growth rate of real GDP in quarter ¢ as follows:

3 G
_ Xk=0GDPg_i
=57 G

Li=4 GDPg_ i

AGDPS —1. (27)

To establish cyclicality, we compute the correlations between our global IVRET and
IVROE measures and both business cycle indicators, at different leads and lags up to one year.

Positive correlations indicate cyclicality, and negative correlations indicate counter-cyclicality. In

14 Kozeniauskas, Orlik, and Veldkamp (2018) examine the relation between various types of uncertainty, including
uncertainty based on firm-specific data. Aggregate idiosyncratic variances are a good proxy for this micro uncertainty.
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addition, we also connect global IVRET and IVROE to future and current GDP growth, following

Campbell, Lettau, Malkiel, and Xu (2001):
AGDPS,, = afPP + BiPPIVRETIVRETS + prPP4PP AGDRE + BPP MK MKTE + €, 444, (28)
AGDPE = a§PP + BPPVRETIVRETS + pyPP PP AGDPE , + B PP M T MKTE , + e34.  (29)

where MK TqG is the global market return using the Datastream Total Market Index. A positive

BEPPIVRET implies that global IVRET is procyclical with respect to the global business cycle; a

negative coefficient suggests counter-cyclicality. The second specification examines the
contemporaneous relationship; the first specification verifies whether IVRET predicts further GDP
growth. Similar specifications are applied to global IVROE.
6.1 Cyclicality of IVRET

We first report the correlation between global IVRET and NBER expansion at leads and
lags up to a year in the first column of Table 6, Panel A. We find that all correlations between
global IVRET and NBER expansion are negative, mostly statistically significant, implying that
global IVRET exhibits counter-cyclicality with respect to the U.S. cycle. When we use GDP
growth as business cycle indicator, the pattern is slightly different from that using NBER dates.
The correlations monotonically decrease from the top to the bottom: global IVRET is positively
correlated with lag 4-quarter GDP growth, with a coefficient of 0.254; then it gradually decreases
to 0.128 at lag 1; the contemporaneous relation is 0.048 (statistically insignificant); the correlation
slowly turns negative to -0.050 for one-quarter ahead GDP growth; eventually, the correlation
becomes significantly negative at -0.237 for 4-quarter ahead GDP growth. The negative
correlations with future GDP growth confirm several recent macro papers, such as Bloom (2009)

and Jurado, Ludvigson, and Ng (2015), which have suggested that “uncertainty” is negatively
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linked to future economic activity. But we also observe positive correlations for lagged GDP
growth, inconsistent with counter-cyclical behavior for IVRET.

We report the regression results in Panel B of Table 6. In the first regression, we find that
when used to predict future GDP growth, global IVRET has a coefficient of -0.061, with an
insignificant t-stat of -1.18. In regression II, when used to explain contemporaneous GDP growth,
global IVRET has a coefficient of -0.023 with a t-stat of -0.41. Thus, while the negative
coefficients indicate counter-cyclicality, we find no statistical evidence in favor of counter-
cyclicality of IVRET at the global level.

6.2 Cyclicality of IVROE

In the remaining columns in Table 6, Panel A, we report analogous results for global
IVROE. All correlation coefficients are negative for both business cycle indicators, indicating
strong counter-cyclicality. We observe stronger counter-cyclicality for global IVROE than for
IVRET, especially when we use the GDP growth measure.

We also estimate equations (28) and (29) for IVROE, and the estimation results are
reported in Panel B of Table 6. Recall that a negative coefficient indicates counter-cyclicality and
vice versa. In regression III (IV), the coefficient of IVROE is -0.462 (-0.415) with a t-statistic of -
2.10 (-1.72), indicating strong counter-cyclicality. The strong counter-cyclicality of IVROE is
interesting, because IVROE matches well with uncertainty concepts in the macroeconomic
literature. For example, the “risk shock™ in Christiano, Motto, and Rostagno (2014) measures
uncertainty about the productivity of a firm’s capital investment, which is more closely related
with the IVROE concept than, with say, return variances or aggregate GDP uncertainty. We are
not aware of anyone in the macroeconomic literature measuring uncertainty shocks using a cash

flow concept such as ROE.
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While for global idiosyncratic variances, countercyclicality is only statistically present for
cash flows, but not for returns, the country-by-country evidence is more uniform. In Table 6, Panel
C, we report the summary statistics of correlations between country IVRET (IVROE) and country
GDP growth.!> We observe a clear pattern of counter-cyclicality with respect to future GDP
growth: for example, out of the 23 countries, 22 (18) show negative correlations between IVRET
(IVROE) and lead 4-quarter GDP growth, and 17 (13) of these correlation coefficients are
statistically significant. In the case of the U.S. (reported in the Online Appendix Table OA6),
IVRET is negatively correlated with future GDP growth up to one year, and the correlations are
especially significant when using lead 3-quarter or 4-quarter GDP growth. For U.S. IVROE, all
lead and lag correlations with GDP growth up to a year are negative, and the correlations with
contemporaneous and future GDP growth are all statistically significant.

Is the counter-cyclicality result for IVRET and IVROE consistent with previous model
predictions? In Herskovic et al. (2016), the time-series variation in idiosyncratic return variances
in the U.S. is shown to be relatively highly correlated to the dispersion of individual income growth
and the cross-sectional dispersion of sectoral employment growth. This motivates an incomplete
market’s model in which idiosyncratic cash flow risk is directly linked to the dispersion in
individual consumption growth. Our evidence confirms that both cash flow and return
idiosyncratic variances are countercyclical, which is also the case for the income variables
explored by Herskovic et al. (2016). Unfortunately, it seems somewhat difficult to reconcile the
international evidence we uncover with their model. For this to work, an international component
of the idiosyncratic uninsurable consumption risk of households must be a main driver of the global

component in idiosyncratic return and cash flow variances, while one of the most enduring puzzles

15 The country-by-country results are reported in the Online Appendix Table OA6.
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in international economics is that the correlation of consumption growth across countries is quite
low and difficult to explain (see e.g. Backus and Smith (1993)).
6.3 Robustness Checks

In our analysis above, we use NBER recession dates and GDP growth rates to measure
cyclicality. As robustness checks, we compute cyclicality using two alternative cyclicality
measures. Our first alternative measure is the output gap, computed as the difference between the
quarterly GDP level and a quadratic trend, estimated over the full sample. Our second alternative
measure uses Hodrick-Prescott (1997) filtered GDP levels (HPGDP henceforth), where the
smoothing parameter is set to 1600. These measures are positively correlated with GDP growth
rates, but with correlations below 0.50. From Panel D of Table 6, the results with alternative cycle
measures are mostly consistent with those in Panel A and B, in the sense that IVRET and IVROE
are mostly counter-cyclical, but statistical significance is lacking.

One possible explanation for the lack of statistical significance over the full sample is that
the cyclicality of IVROE and IVRET varies over time. After all, Cao, Simin, and Zhao (2008) and
Pastor and Veronesi (2006) suggest that [IVRET may be procyclical. To better understand whether
this is the case, we compute rolling-window correlations between global idiosyncratic variances
and GDP growth rates. That is, in each quarter q, we calculate the correlation over the quarters (qg-
19, q) between the global idiosyncratic variance with global GDP growth at quarter . We plot the
rolling correlations for IVROE and IVRET in Figure 3, Panels A and B, respectively. For IVRET,
more than 60% of the correlations are negative, but they become positive around the internet
bubble period between 1995 and 2005, and turn slightly positive again after 2015. For IVROE,
more than 59% of the correlations are negative, except for a short period between 1997 and 2005,

and after 2015.
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Overall, we conclude that countercyclicality is a dominant feature of the data when using
GDP growth rates to measure cyclicality, but there are time periods during which IVRET and

IVROE are procyclical.

7. Conclusion

This article first shows that aggregate idiosyncratic return variances at the country level are
highly correlated, often as highly correlated as are actual returns. The global idiosyncratic return
variance explains a substantial fraction of country level idiosyncratic return variances. We then
find a large common component in firm-specific idiosyncratic return variances, with the global
idiosyncratic variance adding substantive explanatory power beyond the country-specific
idiosyncratic return variance.

To embark on an initial understanding of the empirical dynamics of idiosyncratic variances,
we develop a pricing model with stochastic discount rates, stochastic expected earnings growth
and growth options, and time-varying cash flow variability. In the model, volatility dynamics are
affected by the following key state variables: the aggregate discount rate, the aggregate conditional
market variance (which we decompose into aggregate cash flow variability and pure discount rate
variability), expected cash flow growth, idiosyncratic earnings variance, and a growth opportunity
variable that we extract from the aggregate earnings yield. Importantly, this latter variable is shown
to predict earnings growth and thus its positive link with idiosyncratic return variances is consistent
with the mechanism described in Cao, Simin, and Zhao (2008). While we could in principle price
each firm in the world, we use the model to shed light on the global component in idiosyncratic
return variances linking its time series variation to the global idiosyncratic cash flow variance and

other global state variables.
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The most important state variable to explain the variation in global idiosyncratic return
variances is the global idiosyncratic cash flow variance, where the idiosyncratic cash flow variance
is calculated in a novel way using the residuals from a factor model with time-varying factor
loadings. The idiosyncratic cash flow variance exhibits similar but somewhat weaker international
commonality as does the idiosyncratic return variance. In addition to the global idiosyncratic cash
flow variance, the global discount rate and the conditional market variance help explain a
substantial fraction of the variation in idiosyncratic return variances. If we include all state
variables together, with only linear terms, the model explains more than 59% of the variation in
idiosyncratic return variances.

Our results may prove useful input for a rapidly growing macroeconomics literature linking
economic and financial uncertainty (shocks) to economic activity (see Bloom (2009); Christiano,
Motto, and Rostagno (2014); and Jurado, Ludvigson, and Ng (2015)). While most of the literature
resorts to aggregate return uncertainty variables, the economic concepts are more appropriately
linked to cash flow uncertainty or ROE uncertainty. ROE volatility may also be a proxy for the
volatility of investment shocks, which Justiniano and Primiceri (2008) argue played an important
role in the Great Moderation and reflect shocks to the return on capital or the marginal efficiency
of the investment technology in a DSGE model. Our work shows that the global idiosyncratic ROE

variance is strongly counter-cyclical.
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Appendix

This appendix describes the setup of our model and the estimation results for the state
variables.
1. Model Setup

The model is formulated at the “global” level, and consists of dynamic processes for
discount rates and cash flows. The model is essentially a dynamic version of the Gordon growth
model; there is no explicit pricing kernel.

The conditional mean of the aggregate discount rate (ADR) features an autoregressive term
but also loads on aggregate cash flow uncertainty (AEV), both in the conditional mean and the
conditional variance:

ADR; = papr + paprADR:_1 + daprasvAEV:_1

+0aprADRV:_1€apRt + OapraEv AEVi_1€aEV t- (A.1)
Discount rate specific uncertainty (ADRV) follows a simple autoregressive process:
ADRVy = papry + PaprvADRV_1 + 0aprv/ ADRV_1€4pRy ¢- (A.2)
The aggregate cash flow uncertainty follows a square root process. The conditional mean
of AEV has an autoregressive component, and also depends on a growth opportunity state variable,

AGO, as suggested by Cao, Simin, and Zhao (2008):

AEV: = papy + PapvAEVi_1 + GacoAGO:_1 + Oppy AEVi_1 €45y (A.3)

The growth opportunity variable, AGO, is modeled simply as a first order autoregressive
process:
AGO; = pagoAGO,_1 + Gpc0€a60,t- (A.4)
Aggregate earnings growth (AEG) is defined as follows:

EA;

AEG, = In— (A.5)

t—1
where EA is total earnings.
We model the conditional mean of aggregate earnings growth as driven by AGO and the

past return on equity, AROE:
AEG: = tagpe + Parc,aroeAROE: 1 + $apc 4604601

+04E6 €46t T Onc,aEvV AEVi_184py ¢ (A.6)
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where AROE follows:
AROE: = paror + ParoeAROE_1 + Garor,aprRADR:—1 + $aroe,460AGO;

+0aror€aros, + Oaros,arvy AEVe—1€agy e (A7)
While the fundamental cash flow variable is at first glance earnings growth, the time
variation in its conditional mean is spanned by AROE (to reflect the growth in earnings of assets
in place) and the unobserved growth opportunity variable, AGO. The AROE process depends on
the AGO variable as well, and then we let it also depend on both past roe and the discount rate. It
is natural to expect firms with high ROE’s relative to their costs of capital to grow and expand
future earnings. However, ROE may also be expected to be mean reverting for a variety of reasons
(abnormal values being caused by temporary factors; high ROEs should invite competition etc.),
see Nissim and Ziv (2001) for some evidence. This could lead to negative ¢4 aror coefficient.
Importantly, the time variation in the volatility of both earnings growth and ROE is spanned by
aggregate uncertainty, AEV, which is the sole variable representing aggregate cash flow variability.
This global pricing model is fully characterized by the state variable vector X; = [ADR;,
ADRVy, AGO:, AROE;, AEV,]". All shocks (&’s) are assumed N (0, 1).
In general, we assume that earnings are positive and are all paid out. Imagine the “global
market” claim to all earnings; EAtyj,j=0,1,..,00.
By definition of the discount rate:
P, = E;[exp(—ADR.)(Piy1 + EAryy)] (A.8)

Or, to allow for a stationary representation,

PE, = - = E {exp(—~ADR,)[exp(AEGy11) + exp(AEGe41)PEr1]}  (A9)

EAy
So,
PE, = E {32, exp[X}_;(—ADR¢4i—1 + AEG)]} (A.10)
Thus, the PE solution is of the following form:
PE, = %2, ¢ j, (A.11)
where
qtj = Ei{exp[ ]i=1(_ADRt+i—1 + AEG:.)]} (A.12)
First note:

qe1 = eXp(ADR; + piapc + $agc.aros AROE, + 0.504z¢ + AGO; + 0.505¢ apyAEV,) (A.13)
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The general form of the solution will be:
q¢j = exp(4j + BjADR; + C;AGO; + D;AEV; + F;AROE, + G;ADRV;) (A.14)
The expressions for the various coefficients are easily found by induction, and follow
difference equations, which can be filled in recursively.
Using q¢n+1 = E¢[exp (—ADR; + AEG;11) q¢+1,] and properties of the log-normal

distribution, we find:

1
Apny1 = Mape + > 0456 + An + By hapr + Dy tiagy + Fy Baroe + Gn Hapry (A.15)
Bny1 = —1+ By papr + F, $aror.apr (A.16)
2 foEG

Chy1 = 1+ Gy pago + C -t Dy, $aco + Fr barok.aco (A.17)

UjEG,AEV 2 O-/%DR,AEV
Dpiq = Y + Bn(¢ADR,AEV + O4EG,AEV UADR,AEV) + By —

O_AZEV

2
+D, (PAEV + O4gpv UAEG,AEV) + Dp > + F,04R0E,AEV OAEG,AEV

+Bn D 0apr,aev Oaev + B Fn Oapraev Oarog,aev + Dn By Oagy Oarog,aey (A-18)

Fus1 = Parc.aroe + Fr paror + Ff @ (A.19)

Gni1 = %BT%O-/%DR + %G%U/%DRV + BnGnOaprOapry = %(BnO-ADR + GnOupry)® (A.20)

Here, Zo=0, for Z=A, B, C, D, F, G. The main intuition is mostly quite clear. For example,

the B, coefficients measure discount rate effects and are clearly negative with the persistence of

the discount rate playing a large role in determining the total pricing effect. Note that the discount

rate volatility effect on prices is positive, which is a pure Jensen’s inequality effect. Analogously,

the effect of AGO on prices should be positive. There are potentially countervailing effects if Dy

and F, are negative. The sign of F; depends on how ROE affects earnings (which may have negative
effects).

The coefficient of D, is difficult to sign.

2
First, D; = % > 0. This may be counter-intuitive: uncertainty increases prices, but it

is similar to the uncertainty term stressed by Pastor-Veronesi (PV). However, our model is more
complex here.

First, because the 6’s are positive, there are several additional “Jensen’s inequality terms”
that strengthen the “PV” effect. It is not clear that o4z apy and gpg 4gy Will be “small”, so these
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terms may be important. They will be counteracted by the positive effect of volatility and the
discount rate, which unambiguously cause uncertainty to decrease prices, as B; < 0, $apg apy >
0,and C; > 0. They are difficult to sign as they depend on the sign of Dj and Fj and how they
interact.
We conclude that if our prior is that uncertainty decreases prices, cash flow uncertainty
should substantially increase discount rates (¢p4pr gy positive and large).
Modeling Firms
It is straightforward to use the model to explore pricing at the firm level, although we do
not fully explore this in this article. We specify a simple firm-specific discount rate and earnings
growth rate process:
In particular, for firm 7, the firm discount rate follows:
FDR;; = (1 — )1y + B;ADR, (A.21)
This is a version of the conditional CAPM, assuming a constant interest rate. The firm-
specific earnings growth rate follows:
FEGi = viAEGe + | FEVi¢_1€pgq,ic (A.22)
Therefore, a firm is characterized by just two “systematic” exposures: discount rate
exposure, 3, and cash flow exposure, y. The cash flow exposure captures both exposures to cash
flow level and cash flow variability, AEV, because firm-specific cash flow uncertainty is varying
through time, and it affects the firm’s valuation ratios and firm-specific return volatility. For this
model, only one additional state variable would be priced for each firm, namely firm-specific
earnings volatility. The aggregate market portfolio and its return and return volatility are thus

exposed to aggregate frim-specific earnings variability.

2. Estimation of State Variables

We estimate five state variables: the conditional market variance (ACV), the aggregate
discount rate (ADR), the aggregate ROE (AROE), the conditional aggregate variance of the cash
flows (AEV), and the growth opportunity variable (AGO). The sample period is from 1986 to 2017

and the regressions are estimated at the quarterly frequency.
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2.1 Conditional Market Variance (ACV)

We first define the quarterly realized variance, Rqu, as the average of squared daily returns
of the World Market Index from Datastream in quarter g. Suppose week w is the last week in
quarter ¢, and month m is the last month in quarter g. Then our benchmark model for the quarterly
conditional variance is specified as follows:

RV = a+bVIXZ_; + cRV | + dRV]", + eRVy., + v, (A.23)

The quarterly realized variance, Rl/;]q, is projected on the weekly, monthly and quarterly
realized variances of daily returns, and the square of CBOE S&P 500 Volatility Index (we use the
square of CBOE S&P 100 Volatility Index before 1990, and we scaled the index level by 100) at
the end of the previous quarter. All return variances are annualized by multiplying by 250.

The regression results are as follows, with the first row presenting the coefficients and the

second row the t-statistics.

a b c d e Adj. R?
0.010 -0.042 0.272 -0.202 0.446 0.593
4.03 -0.56 2.95 -1.10 7.61

We use the fitted value of the regression as our measure of ACV. The insignificant
coefficient on the VIX is surprising from the perspective of models that use monthly realized
variances (see e.g. Bekaert and Hoerova, 2014). However, there is strong correlation between some
of the dependent variables and a regression with only the past VIX and past quarterly realized
variance does yield a positive and significant coefficient on the VIX.

2.2 Aggregate Discount Rate (ADR)

We compute ADR as the fitted value from the following predictive regression for annual
returns:

In(1+ RETy) = a + bACV,_y + cADY,_, + d(VIXZ_, — ACV,_y) +u;  (A24)
where RET is the return on the Datastream World Market Index over quarters (g-3, q), ACV is
the conditional market variance, and ADY is the dividend yield of the Datastream World Market
Index.

The regression results are as follows, with the first row presenting the coefficients and the

second row the t-statistics.
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a b c d Adj. R?
-0.201 0.487 11.831 0.256 0.094
-2.56 0.60 3.18 0.57

The dividend yield appears to be the most important predictor at this frequency. We
construct ADR as the fitted value of the regression above.
2.3 Aggregate ROE (AROE)

We focus on global ROE, which is computed as net income (NI) divided by the lagged
book value (BV) of the World Market Index from Datastream. 4ROE is the natural logarithm of
1+ROE.

2.4 Conditional Aggregate Variance of Cash Flows (ACV)

To obtain the time-series of this conditional variance, we estimate the following GARCH-
in-Mean system using Maximum Likelihood:

AROE; = a+ bAROE,_, + cAEY;_, + dACV,_4 + eADR;_, + fVq_4 t 14 (A.25)
where  ug ~ N(0,V,_s), Vyy = Eq_4[u2] = expla + Bin(ui_,) + YAEY,_4 + pACV,_, +
@ADR,_,] with AEY, representing the earnings yield on the World Market Index. The parameters
are estimated using the Maximum Likelihood method. The fitted value of V; is the conditional
variance of cash flows.

To obtain parameter starting values for the Maximum Likelihood routine, we proceed as
follows:

1) Estimate AROE; = a + bAROE;_, + cAEY;_, + dACV,_4, + eADR;_, + ug;
2) Obtain the residual u from the OLS regression above and then regress ln(ué) =a+
ﬁln(u§_4) + YAEY,_4+pACVq_4 + pADR,_, + €, to obtain the starting values for a, 3,

Y> P> O;

3) use the starting values obtained in 2) and calculate Vq: = expla + ﬁln(u§_4) +
YAEY,_4 + pACV,;_4 + 9ADR,_,], then run AROE; = a + bAROE,_, + cAEY,_, +
dACV,_4 + eADR,_, + qu—_: + u, to obtain the starting value of a, b, ¢, d, e, .

The estimation results are as follows, with the first row presenting the coefficients and the

second row t-statistics. '

16 We tried several different starting values but this estimation proved to yield the global maximum.
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a b c d e f

0.040 0.532 -0.250 0.150 0.109 87.298
40.23 57.90 -14.50 6.97 14.48 13.71
a B v p 0} log likelihood
-7.495 0.137 16.452 -16.443 -5.555 418.846
-119.07 20.70 14.46 -5.26 -8.53

2.5 Growth Opportunity (AGO)

We obtain AGO using the following regression:

AEY; = a + bAROE, + cACV; + dADR, + eAEV, — AGO, (A.26)

As defined above, the growth opportunity is the negative of the residual of the projection
of global earnings yield on the four state variables. That is, the growth opportunity variable
represents the part of the earnings yield that is unrelated to discount rates, cash flows and their
variances, and we define it such that it is negatively correlated with the earnings yield.

The regression results are as follows, with the first row presenting the coefficients and the

second row the t-statistics.

a b c d e Adj. R?
0.028 0.141 0.276 0.066 4.496 0.379
5.74 3.74 6.89 4.79 0.48

Both the conditional market variance and the discount rate yield highly significant positive
coefficients; higher expected returns decrease earnings yields. The ROE effect can be explained

by mean reversion in ROE, which may imply it negatively affects earnings growth.
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Table 1. Summary Statistics

This table presents the summary statistics for the firms in each developed market. Column I presents the
time-series average of the number of firms in each year. Column II presents the time-series average of the
cross-sectional median of MV in US$ millions at quarter end. Column III presents the time-series average
of the cross-sectional median of firm IVRET in each quarter. For each firm in each quarter, we calculate its
IVRET as the annualized variance of the residuals from the quarterly regression of daily excess returns on
global and local Fama-French 3 factors. Columns IV presents the time-series average of country IVRET.
For each country in each quarter, we calculate its IVRET as the value-weighted average of firm-level IVRET
within the country. The first three rows summarize the average, 25th percentile, and 75th percentile of the
respective statistics across countries.

I I I v
Country/Region # of Firms MYV ($millions) Firm IVRET Country IVRET
Across Countries
Average 533 218 0.078 0.050
P25 113 154 0.056 0.043
P75 506 276 0.097 0.062
By Country
Australia 548 165 0.132 0.052
Austria 74 201 0.047 0.046
Belgium 111 206 0.043 0.035
Canada 779 140 0.145 0.066
Denmark 138 98 0.057 0.049
Finland 118 167 0.082 0.057
France 469 184 0.080 0.053
Germany 401 167 0.057 0.049
Hong Kong 506 168 0.122 0.062
Ireland 43 337 0.082 0.063
Israel 206 172 0.059 0.043
Italy 229 232 0.063 0.043
Japan 2,412 337 0.088 0.072
Netherlands 113 409 0.056 0.034
New Zealand 72 131 0.056 0.038
Norway 124 136 0.097 0.064
Portugal 54 179 0.060 0.049
Singapore 270 157 0.097 0.043
Spain 122 544 0.052 0.034
Sweden 247 154 0.086 0.053
Switzerland 237 276 0.043 0.028
UK 1,009 145 0.057 0.046
[N 3,982 308 0.135 0.069
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Table 2. Commonality in Country Idiosyncratic Return Variances (IVRET)

This table presents evidence of commonality in country idiosyncratic return variances (IVRET), calculated
as the value-weighted firm-level IVRET in each country. Panel A presents the average pairwise correlation
and the regression results. Column I (I) presents the average pairwise correlation of country IVRET (market
return). For each country, we calculate the pairwise correlations of its IVRET (market return) with the
IVRET (market return) of each of the other countries, and present the average pairwise correlation. Market
return is the market return in US$ over each quarter. Columns II1-V show the regression results of country
IVRET on global IVRET, where global IVRET is the value-weighted country IVRET of all countries. The
t-statistics are adjusted for serial correlation using Newey and West (1987) standard errors with four lags.
Column VI presents the average pairwise correlation of the residuals from this regression. The first three
rows summarize the average, 25" percentile, and 75" percentile of the respective statistics across countries.
Panel B presents the principal component analysis results. The first row the time-series average of the % of
variation in country IVRETs explained by each principal component over 1982-1993, 1994-2005, and 2006-
2017. The second row presents the time-series average of the correlation between each principal component
and the global IVRET over 1982-1993, 1994-2005, and 2006-2017.

Panel A. Average Pairwise Correlation and Regression of Country IVRET on Global IVRET

I II I v Vv VI
Country/ Pairwise Correlation Regression of Country IVRET on Global IVRET
Region IVRET Market Return  Coef. t-stat Adj. R* Residual Pairwise Correlation
Across Countries
Average 0.633 0.583 0.626 6.58 0.548 0.229
P25 0.610 0.556 0.418 2.49 0.364 0.180
P75 0.697 0.624 0.800 8.40 0.774 0.358
By Country
Australia 0.641 0.606 0.567 2.13 0.364 0.358
Austria 0.616 0.475 0.541 1.76 0.301 0.364
Belgium 0.715 0.616 0.618 2.57 0.526 0.399
Canada 0.720 0.614 0.855 6.84 0.780 0.272
Denmark 0.679 0.594 0.650 8.08 0.694 0.215
Finland 0.313 0.578 0.370 3.40 0.101 0.075
France 0.674 0.643 0.766 12.53 0.789 0.123
Germany 0.635 0.595 0.661 7.46 0.604 0.180
Hong Kong 0.561 0.462 0.660 4.43 0.396 0.198
Ireland 0.657 0.556 1.042 2.49 0.406 0.363
Israel 0.649 0.592 0.252 1.80 0.289 0.395
Italy 0.631 0.570 0.549 7.55 0.583 0.187
Japan 0.608 0.416 0.935 13.17 0.774 -0.107
Netherlands 0.740 0.671 0.633 8.40 0.804 0.340
New Zealand 0.546 0.541 0.169 2.25 0.213 0.327
Norway 0.721 0.578 0.840 5.35 0.677 0.328
Portugal 0.369 0.624 0.214 2.30 0.101 0.171
Singapore 0.610 0.481 0.558 4.38 0.493 0.200
Spain 0.688 0.646 0.381 10.32 0.689 0.201
Sweden 0.684 0.679 0.651 7.02 0.641 0.260
Switzerland 0.697 0.607 0.418 345 0.535 0.359
UK 0.736 0.659 0.800 12.37 0.886 0.285
usS 0.661 0.606 1.266 21.37 0.954 -0.238
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Panel B. Principal Component Analysis of Country IVRETSs

PC1 PC2 PC3 PC4 PC5
% Variation Explained 70.1% 8.5% 5.6% 4.3% 2.8%
Correlation with Global IVRET 0.929 0.051 0.204 0.100 0.091
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Table 3. Commonality in Firm-Level Idiosyncratic Return Variances (IVRET)

This table presents evidence of commonality in firm-level idiosyncratic return variances (IVRET). Panel A
presents the evidence for commonality within country. Column I presents the time-series average of the %
of variation explained by the 1st principal component of firm-level IVRET in each country over 1982-1993,
1994-2005, and 2006-2017. Column II presents the median adjusted R? of firm-level regressions of IVRET
on country IVRET. Column III presents the median adjusted R? of firm-level regressions of IVRET on both
global and country IVRETs. The first three rows summarize the average, 25" percentile, and 75™ percentile
of the respective statistics across countries. Panel B presents the evidence for commonality across countries.
The first row the time-series average of the % of variation in firm IVRETs explained by each principal
component in all countries over 1982-1993, 1994-2005, and 2006-2017. The second row presents the time-
series average of the correlation between each principal component and the global IVRET over 1982-1993,
1994-2005, and 2006-2017.

Panel A. Within Country
I 11 III
Country/Region % Variation Explained Median Adj. R? Median Adj. R?
by 1st PC within Country (Country) (Global and Country)
Across Countries
Average 38.7% 0.135 0.185
P25 33.2% 0.086 0.139
P75 42.0% 0.188 0.219
By Country
Australia 41.8% 0.086 0.136
Austria 39.4% 0.106 0.166
Belgium 42.0% 0.196 0.228
Canada 35.8% 0.159 0.207
Denmark 30.5% 0.071 0.113
Finland 39.5% 0.198 0.319
France 26.3% 0.105 0.139
Germany 30.9% 0.045 0.076
Hong Kong 41.2% 0.125 0.166
Ireland 61.3% 0.233 0.322
Israel 50.5% 0.139 0.189
Italy 33.3% 0.186 0.219
Japan 26.9% 0.198 0.217
Netherlands 45.8% 0.205 0.259
New Zealand 45.3% 0.086 0.144
Norway 38.0% 0.141 0.209
Portugal 39.8% 0.056 0.109
Singapore 37.3% 0.160 0.211
Spain 36.6% 0.108 0.164
Sweden 37.6% 0.188 0.229
Switzerland 43.4% 0.138 0.181
UK 33.0% 0.048 0.080
US 33.2% 0.137 0.183
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Panel B. Principal Component Analysis of Firm IVRETS across Countries

PC1 PC2 PC3 PC4 PC5
% Variation Explained 25.3% 8.9% 6.8% 5.3% 4.0%
Correlation with Global IVRET 0.705 0.342 0.083 0.098 0.085
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Table 4. Commonality in Idiosyncratic ROE Variances (IVROE)

This table presents evidence of commonality in idiosyncratic ROE variances (IVROE). IVROE is
transformed using the kernel method. Panel A presents the summary statistics of IVROE and evidence of
commonality in country IVROE. Column I presents the time-series average of cross-sectional median of
firm-level IVROE for each country. Column II presents the time-series average of country IVROE, which
is the value-weighted average of firm-level IVROE within the country. Column III presents the average
pairwise correlation of country IVROE. For each country, we calculate the pairwise correlations of its
IVROE with the IVROE of each of the other countries, and present the average pairwise correlation.
Columns IV-VI show the regression results of country IVROE on global IVROE, where global IVROE is
the value-weighted country IVROE of all countries. The t-statistics are adjusted for serial correlation using
Newey and West (1987) standard errors with four lags. Column VII presents the average pairwise correlation
of the residuals from this regression. Panel B presents the principal component analysis results for country
IVROE. The first row the time-series average of the % of variation in country IVROE explained by each
principal component over 1982-1993, 1994-2005, and 2006-2017. The second row presents the time-series
average of the correlation between each principal component and the global IVROE over 1982-1993, 1994-
2005, and 2006-2017. Panel C presents the evidence for commonality in firm IVROE within country and
summarize the average, 25" percentile, and 75 percentile of the respective statistics across countries.
Column I presents the time-series average of the % of variation explained by the 1st principal component
of firm-level IVROE in each country over 1982-1993, 1994-2005, and 2006-2017. Column II presents the
median adjusted R? of firm-level regressions of IVROE on country IVROE. Column III presents the median
adjusted R? of firm-level regressions of IVROE on both global and country IVROEs. Panel D presents the
principal component analysis results for firm IVROE. The first row the time-series average of the % of
variation in firm IVROE explained by each principal component over 1982-1993, 1994-2005, and 2006-
2017. The second row presents the time-series average of the correlation between each principal component
and the global IVROE over 1982-1993, 1994-2005, and 2006-2017.

Panel A. Commonality in Country IVROE

I I I v \Y VI Vil
Country/ Firm  Country Pairwise Regression of Country IVROE on Global IVROE
Coef. t-stat Adj.R®> Residual Pairwise Corr.

Across Countries

Average 0.007 0.012 0.138 0.347 2.56 0.203 0.057
P25 0.004 0.009 0.035 0.137  0.46 0.013 -0.036
P75 0.008 0.017 0.247 0.964 4.16 0.312 0.163
By Country

Australia 0.008 0.010 0.313 0.445 2.83 0.228 0.209
Austria 0.003 0.007 -0.067  -0.095 -0.50  0.003 -0.062
Belgium 0.005 0.009 0.219 0.137  0.58 0.001 0.195
Canada 0.009 0.014 0.303 1.181 4.16 0.547 0.161
Denmark 0.006 0.017 0.066 1.779  3.77 0.258 -0.087
Finland 0.008 0.016 -0.124  -0.602 -2.20  0.064 -0.036
France 0.004 0.008 0.035  -0.018 -0.11  -0.007 0.034
Germany 0.007 0.013 0.119 0.192  1.08 0.011 0.084
Hong Kong 0.007 0.009 0.108 0.342 1.10 0.083 0.017
Ireland 0.006 0.010 -0.035  0.268 2.29 0.042 -0.104
Israel 0.009 0.025 0.273 0.383 046  -0.001 0.214
Italy 0.005 0.009 0.098 0.232  1.51 0.069 -0.008
Japan 0.002 0.004 0.268 0.231  6.07 0.461 0.106
Netherlands 0.006 0.012 0.257 0.964 4.27 0.339 0.129
New Zealand 0.003 0.009 0.227 1.151  5.51 0.283 0.075
Norway 0.019 0.027 -0.090 -2.784 -294  0.312 0.088
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(Continued)

I I 11 v \Y VI Vil
Country/ Firm  Country Pairwise  Regression of Country IVROE on Global IVROE
Region IVROE IVROE  Corr. _ _ —
Coef. t-stat Adj.R?> Residual Pairwise Corr.
Portugal 0.006 0.010 0.216 0.264 1.20 0.013 0.171
Singapore 0.004 0.005 0.247 0.158 1.34 0.052 0.196
Spain 0.004 0.009 0.236 0.385 1.25 0.044 0.163
Sweden 0.012 0.018 0.008  -0.430 -0.97  0.022 0.075
Switzerland 0.003 0.008 0.238 0.748 3.15 0.292 0.103
UK 0.007 0.017 0.141 1.939 10.71  0.764 -0.155
uUsS 0.007 0.018 0.115 1.102 1433  0.796 -0.252
Panel B. Principal Component Analysis of Country IVROESs
PC1 PC2 PC3 PC4 PC5
% Variation Explained 62.5% 17.4% 7.6% 4.0% 2.9%
Correlation with Global IVROE 0.608 0.530 0.111 0.191 0.293
Panel C. Commonality in Firm IVROEs within Country
I I I
, % Variation Explained Median Adj. R? Median Adj. R?
Country/Region o
by Ist PC within Country (Country) (Global and Country)
Across Countries
Average 54.8% 0.141 0.376
P25 47.4% 0.117 0.281
P75 57.7% 0.160 0.473
Panel D. Commonality in Firm IVROEs across Countries
PC1 PC2 PC3 PC4 PC5
% Variation Explained 38.3% 28.4% 15.6% 9.0% 5.0%
Correlation with Global IVROE 0.410 0.725 0.269 0.244 0.076
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Table 5. Explaining the Global Idiosyncratic Returns Variance (IVRET) using State Variables
This table presents the results of using state variables to explain global idiosyncratic return variance
(IVRET). Panel A shows the summary statistics of global idiosyncratic return variance (IVRET) and state
variables and their correlations. State variables are estimated using data on the Datastream World Market
Index. ACV is the conditional variance of global returns. ADR represents the global discount rate. We
calculate ROE as the net income divided by lagged book value and AROE is the natural logarithm of 1+ROE.
AEV is the conditional aggregate variance of the cash flows. AGO is the growth opportunity measure. In
the correlation matrix, bold denotes significance at the 10% level. Panel B presents the regression results of
global IVRET on state variables. T-stats are in parentheses. The last column reports the covariance
decomposition results for regression VIIL.

Panel A. Summary Statistics and Correlations

Global Global
ACV ADR AROE AEV  AGO
IVRET IVROE
Mean 6.37% 1.39% 1.88%  7.93% 11.34% 0.02% 0.00%
Standard Deviation 3.74% 0.35% 2.12% 598% 2.13% 0.01% 0.89%
Correlation with Global IVRET 1 0.451 0405 -0.451 -0.168 0.148 0.178
Panel B. Regression of Global IVRET on State Variables
Covariance
I 11 III v A% VI Vil Decomposition
Global IVROE  5.964 4.590 33.97%
(6.60) (6.65)
ACV 0.729 0.623 23.74%
(4.91) (5.72)
ADR -0.286 -0.262 31.25%
(-5.57) (-6.91)
AROE -0.316 -0.326 5.89%
(-2.06) (-3.19)
AEV 61.951 18.951 1.09%
(1.62) (0.75)
AGO 0.762 0.603 4.06%
(1.95) (2.38)
Adj. R? 0.265 0.164 0.203 0.027 0.014 0.023 0.595 100.00%
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Table 6. Cyclicality of Idiosyncratic Variances

This table examines the cyclicality of idiosyncratic variances. Panel A reports the correlation between global
idiosyncratic variance measures with business cycle variables. NBER expansion is a dummy variable that
is one during an NBER-dated expansion and zero during an NBER-dated recession. GDP growth is the
growth rate of trailing 4-quarter global real GDP compared to the same quarter of previous year. Global real
GDP is constructed using nominal GDP and GDP deflator data for the OECD total from OECD. The
cyclicality measures are measured with a lag of j quarters relative to the idiosyncratic variance measures;
thus the correlations with positive j at the top of each panel measure the extent to which the idiosyncratic
variance measure leads the business cycle, whereas the correlations with negative j at the bottom measure
the extent to which the idiosyncratic measure lags the cycle. Panel B reports the results of regressions of
global GDP growth rate on global idiosyncratic variance, lagged global GDP growth rate, and global market
return. The t-statistics are adjusted for serial correlation using Newey and West (1987) standard errors with
four lags. Panel C presents the summary statistics of the correlation between country idiosyncratic variances
and country GDP growth rates. GDP growth is the growth rate of trailing 4-quarter real GDP compared to
the same quarter of previous year. We obtain nominal GDP and GDP deflator data for each country from
Datastream and OECD. Panel D presents the regression results using alternative business cycle variables.
Output gap is computed as the difference between the In(real GDP) and a quadratic trend, estimated over
the full sample. HPGDP is the cyclical component of In(real GDP) using Hodrick-Prescott (1997) filter,
where the smoothing parameter is set to 1600. We regress global cyclicality measure on global idiosyncratic
variance, lagged global cyclicality measure, and global market return. The t-statistics are adjusted for serial
correlation using Newey and West (1987) standard errors with four lags.

Panel A. Correlation between Global Idiosyncratic Variances and Business Cycle Variables

I I I v

Cycle Variable NBER Expansion GDP Growth NBER Expansion GDP Growth

IV Variable Global IVRET Global IVRET Global IVROE Global IVROE
Variance Lead
OfT. p-value Corr. p-value Corr. p-value Corr. p-value
(Quarters)

+4 -0.073 0.40 0.254 0.00 -0.014 0.87 -0.137 0.10
+3 -0.185 0.03 0.223 0.01 -0.034 0.69 -0.167 0.05
+2 -0.211 0.01 0.186 0.03 -0.049 0.57 -0.200 0.02
+1 -0.272 0.00 0.128 0.13 -0.071 0.40 -0.235 0.00
0 -0.330 0.00 0.048 0.57 -0.084 0.32 -0.271 0.00
-1 -0.356 0.00 -0.050 0.56 -0.150 0.08 -0.309 0.00
-2 -0.345 0.00 -0.150 0.07 -0.218 0.01 -0.345 0.00
3 -0.214 0.01 -0.220 0.01 -0.250 0.00 -0.378 0.00
-4 -0.193 0.02 -0.237 0.00 -0.273 0.00 -0.407 0.00

Panel B. Predicting and Explaining GDP Growth

I II I v
GDP(q+4) GDP(q) GDP(q+4) GDP(q)

Dep. Var. Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat
IVRET, -0.061 -1.18 -0.023 -0.41
IVROE, -0.462 -2.10 -0.415 -1.72
Lag GDP Growth  0.378 3.11 0.388 2.76 0.749 9.34 0.768 8.90
Lag Mkt Ret 0.055 2.64 0.063 242 0.015 2.61 0.017 2.76
Adj. R? 0.284 0.265 0.716 0.711
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Panel C. Correlation between Country Idiosyncratic Variances and Country GDP Growth Rates

I I 11 v \Y VI vl vl  IX
+4 +3 +2 +1 0 -1 -2 -3 -4
IVRET
Number of Negative Correlations
5 6 7 9 13 19 20 22 22
Number of Negative Correlations Significant at 10% Level
2 3 3 3 8 11 15 18 17
IVROE
Number of Negative Correlations
9 10 12 12 13 16 18 19 18
Number of Negative Correlations Significant at 10% Level
5 5 6 6 8 9 10 11 13
Panel D. Alternative Business Cycle Variables
I I 11 v
Output Gap (q+4)  Output Gap (q+4) HPGDP (q+4) HPGDP (q+4)
Dep. Var. Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat
IVRET, -0.080 -1.07 -0.067 -1.12
IVROE, 0.231 0.88 -0.093 -0.61
Lag GDP Growth ~ 0.787 6.91 0.866 9.80 0.419 2.61 0.686 5.56
Lag Mkt Ret 0.029 1.71 0.017 1.85 0.015 1.21 0.008 1.62
Adj. R? 0.561 0.740 0.184 0.430
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Figure 1. Time-Series Plot of Country and Global Idiosyncratic Return Variances (IVRET)
This figure presents the time-series plots of country and global idiosyncratic return variances (IVRET).
Panel A shows the time-series plots of country IVRET for Germany, Japan, the U.K., and the U.S., which
is value-weighted firm-level IVRET within each country. Panel B shows the time-series plot of global
IVRET, which is value-weighted country IVRET. The shaded areas represent NBER recession periods.

Panel A. Country IVRET

0.30
0.25
0.20
0.15

0.10

e T

".'.“\.}..."'a"\%)‘;r TR

0.00 -
198203 198703 199203 199703 200203 200703 201203 201703

0.05

NBER recession ====- Germany = = =Japan -ceceeeeee U.K.

Panel B. Global IVRET

0.25

0.2

0.15

0.1

0.05

0
198203 198703 199203 199703 200203 200703 201203 201703

NBER recession

Global IVRET

59



Figure 2. Time-Series Plot of Country and Global Idiosyncratic ROE Variances IVROE)
This figure presents the time-series plots of country and global idiosyncratic ROE variances (IVROE).
IVROE is transformed using the kernel method. Panel A shows the time-series plots of country IVROE for
Germany, Japan, the U.K., and the U.S., which is value-weighted firm-level IVROE within each country.
Panel B shows the time-series plot of global IVROE, which is value-weighted country IVROE. The shaded
areas represent NBER recession periods.
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Figure 3. Cyclicality of Global Idiosyncratic Variances

This figure presents the time-series plots of the rolling-window correlation between global idiosyncratic
variances and GDP growth rates. In each quarter q, calculate the correlation over the quarters (q-19, q)
between global idiosyncratic variance with contemporaneous global GDP growth. GDP growth is the
growth rate of trailing 4-quarter real GDP compared to the same quarter of previous year. Global real GDP
is constructed using nominal GDP and GDP deflator data for the OECD total from OECD. Panel A shows
the time-series plots for global idiosyncratic return variance (IVRET). Panel B shows the time-series plots
for global idiosyncratic ROE variance (IVROE). The shaded areas represent NBER recession periods.
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Online Appendix

OA-I. Alternative Methods to Estimate Idiosyncratic ROE Variances (IVROE)

We consider seven alternative methods to estimate [VROE.

Methods I-11I are based on panel regressions. Specifically, for each country, we estimate the following
panel regression:

ROE;, = (ap; + aysize; q_q + azBM; 1) + (b + bysize; g1 + by BM; 41 )WMKTROE
+(co + cysize; g1 + c;BM; g1 )WSMBEOE + (dy + dysize; gy + dyBM; 41 )WHMLECE
+(eo + eysize; g_q + €,BM; o1 )MKTESE + (fo + fisize; g1 + foBM; 4_1)SMBEIE

+(g0 + g1size; g1 + ngMi_q_l)HML’é%E + uﬁIOE

where a,; represents firm fixed effects, and size; ;_; (BM;4_4) is the log size (book-to-market ratio) for
firm i from the previous quarter g-1.

We estimate the panel regression using different windows. Our baseline results in the main text are
based on regressions using the full sample period. The alternative Method I estimates the panel regression

using 20-quarter rolling window and uses the last quarter’s residual, (quOE )2, in each rolling window (g-

19, q) as IVROE for firm i in quarter ¢g. Method II uses the variance of uquE in each rolling window (q-19,
q) as IVROE for firm 7 in quarter g. Method III estimates the panel regression for each 20-quarter
nonoverlapping window (1983-1987, 1988-1992, 1993-1997, 1998-2002, 2003-2007, 2008-2012, 2013-
2017), and uses (quOE )?as IVROE for firm i in quarter q.

Methods IV-VII are based on firm-level regressions. Specifically, for each firm, we estimate the

following time-series regression:
ROE;; = a; + bWMKTROE + ¢; MKTEQF + ufor.

Similar to the panel regression approach, we estimate the firm-level regressions using different

windows. Method IV use the full sample period and IVROE for firm 7 in quarter ¢ is the squared residual

(uROE 2 ROE

iq . Methods V uses 20-quarter rolling window and uses the last quarter’s (u; )2 in each rolling

window (q-19, q) as IVROE for firm i in quarter g. Method VI uses the variance of quOE in each rolling
window (q-19, q) as IVROE for firm i in quarter g. Method VII estimates the firm-level regression for each

ROE~N2

20-quarter nonoverlapping window and uses (u;; ~)“as IVROE for firm / in quarter .
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Table OA1. Estimation of Idiosyncratic ROE Variances (IVROE)

This table presents the summary statistics of ROE factors and the results from the regressions to estimate
idiosyncratic ROE variances (IVROE). Panel A presents the summary statistics of ROE factors. For each
country at the end of each June, we sort stocks into 3 portfolios based on size or B/M ratio, i.e. Sizel, Size2,
Size3, B/M1, B/M2, B/M3. The size used to form portfolios in June of year t is market value at the end of
June of t. The B/M ratio used to form portfolios in June of year t is book equity for the fiscal year ending in
calendar year t-1, divided by market equity at the end of December of t-1. MKT_ROE is the value-weighted
ROE of all firms in the sample. SMB_ROE is the difference between value-weighted ROE of firms in Sizel
(smallest) and value-weighted ROE of firms in Size3 (largest). HML ROE is the difference between value-
weighted ROE of firms in B/M3 (highest) and value-weighted ROE of firms in B/M1 (lowest). Global ROE
factors are value-weighted country-level ROE factors (including countries when they have data available).
All statistics are in percent. Panel B presents the coefficients and t-statistics from the following firm-quarter
panel regression estimated country by country: ROEiq = (a0 + a1Xsizeigq1 + a2XBMjg.1) + [bo+ biXsizeiq.1 +
bzXBMi,q.l]XWMKTROEq + [co+ ciXsizeig-1 + C2XBM;¢1]XWSMB_ROE+ [do+ diXsizeig.1 + d2XBMjg.1] X
WHML_ROEq+ [eo+ e1Xsizeig.1 T €2XBMiq.1]XMKT_ ROEq+ [fo+ fiXsizej .1 + 2XBMiq.1]XSMB_ROEq+
[go + giXsizeig1 + 2XBMiq]XHML ROE, + uiq where MKT ROE, SMB_ROE and HML ROE are
orthogonalized to the global factors. Standard errors are clustered by both firm and quarter. The columns
P25, Median and P75 shows the 25th percentile, median and 75th percentile of the statistics across all
countries.

Panel A. Summary Statistics of ROE Factors

Country/ MKT_ROE SMB_ROE HML ROE
Region Mean (%)  Std Dev (%) Mean (%) Std Dev (%) Mean (%)  Std Dev (%)
Australia 13.71 4.39 -15.85 15.15 -10.29 7.81
Austria 10.12 4.61 -4.40 5.22 -6.37 8.23
Belgium 14.33 4.83 -6.40 6.53 -7.64 6.96
Canada 11.37 4.52 -14.24 11.59 -9.65 7.25
Denmark 18.58 9.35 -13.31 12.40 -15.64 15.89
Finland 16.94 11.06 -10.40 10.54 -16.14 12.88
France 12.92 3.59 -7.42 3.63 -10.71 4.79
Germany 12.28 3.95 -9.20 6.65 -7.98 6.91
Hong Kong 18.12 4.63 -14.05 8.01 -15.27 5.58
Ireland 14.73 6.94 -9.22 9.44 -13.15 10.59
Israel 14.58 5.94 -9.15 7.91 -11.34 8.69
Italy 10.75 4.50 -9.74 5.68 -11.62 6.38
Japan 7.57 3.54 -4.46 2.51 -6.21 3.77
Netherlands 17.74 5.59 -9.94 6.91 -16.55 7.61
New Zealand 15.37 7.36 -11.92 7.91 -18.42 12.35
Norway 14.89 7.90 -11.90 10.76 -14.93 15.57
Portugal 15.16 4.47 -11.46 5.60 -13.88 8.59
Singapore 13.98 3.37 -12.12 4.54 -10.30 4.22
Spain 16.34 5.53 -12.95 9.19 -14.95 7.66
Sweden 18.11 543 -13.88 8.72 -10.67 9.48
Switzerland 13.65 491 -8.49 5.68 -6.30 5.67
UK 18.68 3.37 -14.02 9.06 -23.28 8.70
[N 18.97 3.14 -20.11 5.67 -19.19 545
Global 15.53 2.83 -14.51 5.36 -14.74 4.16
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Panel B. Regression Results

P25 Median P75 U.S.

Variable Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat
Size -0.005 -0.38 0.010 0.78 0.029 3.13 0.017 4.84
BM -0.045 -3.50 -0.019 -1.55 -0.002 -0.54 -0.138 -8.94
WMKT -0.117 -0.24 0.410 0.70 1.370 3.35 0.399 2.43
SizexWMKT -0.024 -0.44 0.051 0.58 0.107 2.38 0.051 2.42
BMXWMKT -0.238 -2.07 -0.048 -0.68 0.003 0.09 -0.192 -1.96
WSMB 0.171 0.59 0.930 2.15 1.845 4.15 0.977 4.75
SizexWSMB -0.136 -1.88 -0.059 -0.94 0.054 0.87 -0.048 -1.88
BMXWSMB -0.307 -3.38 -0.052 -1.94 0.019 0.10 -0.513 -4.18
WHML -0.573 -1.55 -0.215 -0.80 0.187 0.49 -0.238 -1.27
SizexWHML -0.035 -0.49 0.015 0.36 0.070 1.17 0.070 3.23
BMXWHML 0.002 0.35 0.045 1.15 0.232 1.65 0.263 2.15
MKT -0.013 -0.03 0.428 1.41 1.097 3.12 -0.227 -0.84
SizexMKT -0.018 -0.53 0.033 0.51 0.083 1.43 0.000 0.00
BMXMKT -0.163 -2.37 -0.028 -0.80 0.015 0.68 0.116 0.71
SMB 0.559 2.52 0.883 4.40 1.181 5.40 0.061 0.35
SizexSMB -0.139 -4.66 -0.096 -3.04  -0.063 -2.04 -0.025 -1.17
BMXSMB -0.119 -2.95 -0.048 -1.12 -0.006 -0.49 0.167 1.72
HML -0.221 -1.64 -0.032 -0.23 0.006 0.03 -0.326 -1.84
SizexHML 0.011 0.64 0.017 0.92 0.035 1.66 0.035 1.66
BMxXHML 0.002 0.48 0.024 1.06 0.043 1.51 -0.432 -3.62
Overall R? 0.421 0.456 0.518 0.514
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Table OA2. Cross-Country Correlations of ROE Residuals

This table presents the average cross-country correlations of ROE residuals. Columns I-1II present the results
using the panel model. Specifically, for each country, we estimate ROE;q= (ao; + aiXsizeiq1+ a2XBMiq.1) +
[bot biXsizei g1 + baXBMi g1 [XWMKTROE +{¢o+ ¢1Xsizei g1 + ©2XBMi g1 [XWSMB_ROE+[do+ di Xsizei g1+
d>XBMig-1] X WHML ROE+ [eo + e1Xsizeiq1 + €2XBM;q.1]XMKT ROE(+ [fo+ fiXsizeiq.1 + £LXBMig.1]
XSMB _ROEq+ [go+ giXsizeiq.1 + 22XBMiq.1]XHML_ROE  + uiq. Columns IV-VI present the results using
the firm regression model. Specifically, for each firm, we estimate ROE;; = a + b*WSMB_ROE, +
c*MKT ROEq+ uiq. We estimate the models using different windows and obtain the residuals u;4, and
calculate the country-level value-weighted ROE residual as the value-weighted u; 4 within each country. For
each country, we report the average pairwise correlation of ROE residuals with the other countries. Column
I (IV) reports the results using full sample. Column II (V) reports the results using 20-quarter rolling
windows. Column III (VI) reports the results using seven non-overlapping samples of 20 quarters (1983-
1987,1988-1992,1993-1997,1998-2002,2003-2007,2008-2012,2013-2017).

Panel Model Firm Regression

I I 1 v v VI
Country/ Full Rolling  Non-Overlapping Full Rolling  Non-Overlapping
Region Sample  Window Window Sample  Window Window
Across Countries
Average 0.181 0.030 0.065 0.160 0.092 0.200
P25 0.133 -0.012 0.022 0.119 0.033 0.108
P75 0.257 0.073 0.109 0.211 0.145 0.272
By Country
Australia 0.227 0.076 0.138 0.237 0.168 0.288
Austria -0.038 0.028 0.086 0.041 0.040 0.059
Belgium 0.237 -0.012 0.089 0.207 0.029 0.164
Canada 0.232 0.049 0.019 0.254 0.087 0.263
Denmark -0.051 0.005 -0.003 0.077 0.113 0.125
Finland 0.013 0.055 0.109 -0.030 0.086 0.083
France 0.363 0.082 0.142 0.185 0.095 0.204
Germany 0.224 0.035 0.073 0.194 0.154 0.251
Hong Kong 0.257 0.056 0.071 0.020 -0.068 0.016
Ireland 0.165 0.095 0.066 0.154 0.082 0.272
Israel 0.023 -0.015 -0.009 0.240 0.126 0.326
Italy 0.297 -0.019 0.076 0.180 0.189 0.231
Japan 0.230 -0.011 0.049 0.163 0.118 0.301
Netherlands 0.146 -0.061 0.024 0.182 0.063 0.191
New Zealand 0.083 -0.010 0.012 0.020 -0.028 0.039
Norway 0.306 -0.016 0.058 0.201 0.032 0.264
Portugal 0.181 0.129 0.143 0.211 0.112 0.334
Singapore 0.280 0.011 0.074 0.119 0.033 0.108
Spain 0.150 0.073 0.116 0.242 0.137 0.056
Sweden 0.233 0.096 0.118 0.283 0.145 0.242
Switzerland 0.133 -0.070 -0.012 0.132 0.028 0.216
UK 0.269 0.043 0.042 0.176 0.166 0.301
[N 0.209 0.059 0.022 0.201 0.200 0.264
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Table OA3. Commonality in Firm-Level Idiosyncratic ROE Variances (IVROE)

This table presents evidence of commonality in firm-level idiosyncratic ROE variances (IVROE). Column
I presents the time-series average of the % of variation explained by the 1st principal component of firm-
level IVROE in each country over 1982-1993, 1994-2005, and 2006-2017. Column II presents the median
adjusted R? of firm-level regressions of IVROE on country IVROE. Column III presents the median adjusted
R? of firm-level regressions of IVROE on both global and country IVROEs.

I 11 III
Country/Region % Variation Explained Median Adj. R? Median Adj. R?
by 1st PC within Country (Country) (Global and Country)
Australia 57.7% 0.230 0.539
Austria 57.0% 0.059 0.256
Belgium 51.7% 0.122 0.346
Canada 42.0% 0.132 0.426
Denmark 47.4% 0.087 0.278
Finland 55.5% 0.125 0.338
France 44.0% 0.151 0.409
Germany 49.0% 0.149 0.481
Hong Kong 56.8% 0.087 0.308
Ireland 71.7% 0.046 0.209
Israel 66.6% 0.215 0.490
Italy 57.5% 0.127 0.281
Japan 40.0% 0.117 0.267
Netherlands 52.7% 0.142 0.356
New Zealand 79.0% 0.226 0.583
Norway 55.1% 0.201 0.473
Portugal 65.4% 0.160 0.340
Singapore 55.1% 0.160 0.412
Spain 59.2% 0.137 0.329
Sweden 55.8% 0.147 0.416
Switzerland 57.4% 0.100 0.270
UK 43.3% 0.156 0.361
uUsS 40.2% 0.172 0.480
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Table OA4. Validity of Growth Opportunity Variable (AGO)

This table presents evidence for the validity of growth opportunity variable (AGO) and the regression results
using alternative AGO extracted from the market to book ratio (M/B) of Datastream Total Market Index.
Panel A presents the regression results of future EBIT growth on AGO. In each quarter, we calculate EBIT
of the Datastream Total Market Index as the trailing 4-quarter EBIT. EBIT growth is the growth rate of
EBIT over the same quarter of the previous year. AGO is the growth opportunity variable extracted from
aggregate earnings yield. The t-statistics are adjusted for serial correlation using Newey and West (1987)
standard errors with 10 lags and are shown in parentheses. Panel B presents the regression results of future
EBIT growth on the alternative AGO measure extracted from M/B. M/B is calculated as (market value of
equity+book value of total assets—book value of total equity)/book value of total assets. AGO is the residual
from a regression of M/B on ACV, ADR, AROE, and AEV. The t-statistics are adjusted for serial correlation
using Newey and West (1987) standard errors with 10 lags and are shown in parentheses. Panel C presents
the results from regressions of global IVRET on the alternative AGO measure and other state variables.

Panel A. Predictability of Future EBIT Growth using AGO

EBIT EBIT EBIT EBIT EBIT

Growthy4 Growthy:s Growthy:s Growth; Growthys
Coefficient 7.655 7.478 5.616 3.193 0.465
t-stat (2.85) (2.83) (2.71) (1.85) (0.23)
Adj.R? 0.178 0.170 0.092 0.024 -0.008

Panel B. Predictability of Future EBIT Growth using Alternative AGO

EBIT EBIT EBIT EBIT EBIT

Growthy4 Growthgs Growthys Growthe; Growthgs
Coefficient 0.269 0.162 0.038 -0.090 -0.186
t-stat (1.48) (0.93) (0.24) (-0.58) (-1.13)
Adj.R? 0.050 0.012 -0.008 -0.002 0.019

Panel C. Regression of Global IVRET on Alternative AGO and Other State Variables

I Il 1

Global IVROE 5.964 6.066
(6.60) (10.43)

ACV 0.606
(6.84)

ADR -0.247
(-8.00)

AROE -0.331
(-3.97)

AEV 23.719
(1.15)

AGO 0.058 0.094
(2.79) (8.11)

Adj. R? 0.265 0.055 0.732
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Table OAS. Explaining the Global Idiosyncratic Returns Variance (IVRET) using State Variables
This table presents the results of using the levels, squares and cross-products of state variables to explain
global idiosyncratic return variance (IVRET). State variables are estimated using data on the Datastream
World Market Index. ACV is the conditional variance of global returns. ADR represents the global discount
rate. We calculate ROE as the net income divided by lagged book value and AROE is the natural logarithm
of 1+ROE. AEV is the conditional aggregate variance of the cash flows. AGO is the growth opportunity
measure.

Coefficient t-stat

Global IVROE 12.933 2.92

ACV 3.320 2.73

ADR 0.711 3.52

AROE 0.176 0.31

AEV -130.723 -0.97

AGO -1.942 -1.97

ACV? 4.938 4.69

ADR? 0.601 2.85

AROE? 0.393 0.18

AEV? 118740.220 1.26

AGO? 61.423 5.16

Global IVROEXACV -232.974 -2.82

Global IVROEXADR -76.610 -6.47

Global IVROEXAROE -43.188 -1.15

Global IVROEXAEV 7398.805 0.86

Global IVROEXAGO 176.554 2.81
Adj. R? 0.834
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Table OA6. Cyclicality of Country Idiosyncratic Variances

This table presents the correlation between country idiosyncratic variances and country GDP growth rates.
GDP growth is the growth rate of trailing 4-quarter real GDP compared to the same quarter of previous year.
We obtain nominal GDP and GDP deflator data for each country from Datastream and OECD. The GDP
growth rates are measured with a lag of j quarters relative to the idiosyncratic variance measures; thus the
correlations with positive j measure the extent to which the idiosyncratic variance measure leads the business
cycle, whereas the correlations with negative j measure the extent to which the idiosyncratic measure lags
the cycle. Negative correlations that are statistically significant at 10% level or lower are indicated in bold.
Panel A presents the results for country idiosyncratic return variance (IVRET). Panel B presents the results
for country idiosyncratic ROE variance (IVROE). Both IVROE and GDP growth rates are transformed using
the kernel method.

Panel A. Country IVRET

Country/ I II I v \'% VI Vil Vil IX

Region +4 +3 +2 +1 0 -1 -2 -3 -4
Australia 0.138 0.105 0.077 0.048 0.012 -0.021 -0.066 -0.110 -0.138
Austria 0.202 0.173 0.122 0.041  -0.079 -0.234 -0.373 -0.448 -0.440
Belgium 0.300  0.254 0.195 0.107 -0.013 -0.148 -0.269 -0.316 -0.262
Canada 0.173 0.157 0.119 0.076  0.035 -0.015 -0.065 -0.114 -0.123
Denmark 0.104  0.068 0.019 -0.052 -0.173 -0.274 -0.368 -0.435 -0.425
Finland -0.122  -0.160 -0.204 -0.263 -0.329 -0.394 -0.450 -0.476 -0.458
France 0.388 0.369 0.338 0.295 0.242 0.174 0.110  0.069  0.063
Germany 0.176  0.162 0.122 0.059  -0.021 -0.131 -0.230 -0.294 -0.321
Hong Kong -0.182 -0.140 -0.115 -0.126 -0.182 -0.266 -0.329 -0.382 -0.391
Ireland -0.082  -0.128 -0.184 -0.245 -0.319 -0.382 -0.425 -0.444 -0.429
Israel 0279  0.284 0.247 0.167 0.043  -0.098 -0.195 -0.245 -0.235
Italy 0.152 0.113 0.077 0.044  -0.015 -0.089 -0.146 -0.166 -0.130
Japan 0.014  -0.005 -0.031 -0.069 -0.114 -0.157 -0.176 -0.170 -0.139

Netherlands 0397  0.353 0.297 0.226  0.131 0.007 -0.111 -0.206 -0.259
New Zealand -0.254 -0.291 -0.358 -0.419 -0.467 -0.494 -0478 -0.415 -0.315

Norway 0.118  0.068 -0.005 -0.092 -0.166 -0.236 -0.305 -0.331 -0.326
Portugal 0.383 0364 0315 0.245 0.157  0.071 0.010 -0.017 -0.013
Singapore -0.011  -0.030 -0.059 -0.106 -0.150 -0.221 -0.264 -0.263 -0.226
Spain 0364  0.335 0.293 0.245 0.177  0.094  0.013 -0.052 -0.078
Sweden 0.127  0.073 0.009 -0.070 -0.177 -0.275 -0.346 -0.380 -0.347
Switzerland 0300 0266  0.223 0.155 0.051 -0.092 -0.244 -0.365 -0.396
UK 0.122  0.121 0.105 0.068  0.003 -0.068 -0.133 -0.173 -0.163
uUsS 0.243 0212  0.177  0.123 0.057 -0.012 -0.089 -0.144 -0.153
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Panel B. Country IVROE

Country/ I II I v \'% VI VIl Vil IX

Region +4 +3 +2 +1 0 -1 -2 -3 -4
Australia 0.065 0.027 -0.010 -0.048 -0.086 -0.125 -0.166 -0.208 -0.249
Austria -0.057 -0.061 -0.066 -0.070 -0.071 -0.068 -0.064 -0.057 -0.052
Belgium 0.044  0.005 -0.040 -0.090 -0.145 -0.202 -0.258 -0.309 -0.351
Canada 0.266  0.241 0.208 0.168 0.122 0.069 0.013  -0.044 -0.097
Denmark -0.199 -0.188 -0.183 -0.179 -0.177 -0.177 -0.176 -0.175 -0.173
Finland -0.563 -0.538 -0.515 -0.496 -0.479 -0.465 -0.453 -0.441 -0.427
France 0420  0.404 0.384 0.361 0.335 0.308 0.279  0.251 0.225
Germany 0.018 -0.005 -0.036 -0.074 -0.120 -0.173 -0.229 -0.285 -0.335
Hong Kong 0.011 0.016 0.017 0.012 0.001 -0.015 -0.035 -0.056 -0.075
Ireland 0.296  0.283 0.268 0.257  0.254 0.262 0.282 0.313 0.353
Israel 0.248 0.207 0.161 0.111 0.060 0.023 -0.015 -0.050 -0.078
Italy -0.106  -0.104 -0.098 -0.088 -0.075 -0.060 -0.043 -0.023  0.000
Japan -0.730 -0.724 -0.717 -0.708 -0.698 -0.685 -0.670 -0.652 -0.634

Netherlands 0.375 0312  0.243 0.168  0.089  0.007 -0.075 -0.156 -0.232
New Zealand 0.400  0.378 0.358 0342 0327 0312 0294 0274  0.249

Norway 0.135 0.092  0.051 0.013 -0.020 -0.048 -0.071 -0.087 -0.098
Portugal -0.224  -0.272 -0.324 -0.381 -0.443 -0.508 -0.575 -0.640 -0.698
Singapore 0.127  0.115 0.091 0.056 0.014 -0.032 -0.076 -0.114 -0.143
Spain -0.088 -0.137 -0.184 -0.229 -0.272 -0.313 -0.351 -0.387 -0.418
Sweden -0.164 -0.274 -0.384 -0.489 -0.586 -0.670 -0.738 -0.787 -0.816
Switzerland 0.195 0.195 0.191 0.183 0.172 0.157  0.139  0.116  0.089
UK 0.180  0.141 0.097  0.050 0.003 -0.044 -0.087 -0.127 -0.161
uUsS -0.023  -0.055 -0.089 -0.124 -0.161 -0.197 -0.230 -0.259 -0.280
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