INTERNET APPENDICES

A. Additional tables and figures for Section

Table Al: Expected realized variance

This table shows the coeflicients associated with the predictors of one-month-ahead (22 days) total
realized variance. The specifications are similar to those for realized semivariances in Table The
specification in column (1) assumes that the realized variance follow a Martingale (Ei(rviy1m) = rvt).
For the specifications in columns (2) to (5), we estimate the following regression setting: Fy(rvi41) =
& + 4G¢. We consider the following predictors in matrix G: the total realized variance calculated over
the last month (rv;_1pm,); realized variance calculated using either the last five days (rvy_szq.) or the
last day of the month (rv;_14,); and the option-implied variance (ivy41m). We report, in parentheses,

kK *k

heteroskedasticity and autocorrelation consistent (HAC) standard deviations with 44 lags. , **, and
* represent significance at the 1%, 5%, and 10% confidence levels. The adjusted R?s are reported at the

end of the table.

(1) (2) (3) (4) (5)

Constant 0 TORRE T PQRHE G 96FKK 4 15FHF
- (1.28)  (1.28)  (1.10)  (1.56)
TVt—1m,t 1 0.64%**  0.64%** (.27%** 0.12
- 0.08)  (0.08)  (0.10)  (0.09)
TV 544 0.32%* 0.29*
(0.16)  (0.17)
TV 144 0.09%**  0.06**
(0.02)  (0.02)
% 1o 1m 0.21%
(0.12)
Adj. R? 0.270 0.406 0.406 0.466 0.474
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Table A2: Correlations

This table reports correlations among the monthly U.S. downside and upside variance premiums (DVP
and UVP, respectively) across various measures. Models are reported in Table 1] Panel A (Panel B)
reports correlations of DVP (UVP) estimates across measures. The sample runs from April 1991 to
December 2019.

O @ © @ 0 O @ © @ 0
A. Correlations across models; DVP B. Correlations across models; UVP
(1) 1 (1) 1
(2) 0.87 1 (2) 0.80 1
(3) 0.87 0.99 1 (3) 0.77 0.94 1.00
(4) 0.77 0.97 097 1 (4) 077 0.90 0.88 1
(5) 0.74 097 096 099 1 (5) 077 074 075 095 1

Table A3: Country-level exposure and predictability patterns, time-varying exposure

This table shows the results for the following regression setting:

H_lri,tJrn =y + (b? + ng,mEEzfl + ng,HFE§71>UpEt+1

+(bg+ng,mEEti—l +bg‘E,nFEZ—1)Upgt+1 + € ttrs

where EE? and FE* are our proxies for economic and financial exposure, respectively; they are described
in Table These variables are available at an annual frequency, and they are converted to monthly

frequency using a step function. ***, **/ and * represent significance at the 1%, 5%, and 10% confidence
levels.
bg ng K bIQE’ K bg b%E,K bIU:'E K R2

k=1 0.004 0.023 -0.039 2.050***  -0.092 0.158 0.836
(0.153) (0.018) (0.026) (0.488) (0.080) (0.158)

k=2 0.197* 0.021* -0.035* 0.876*%*  -0.115**  (0.188* 0.570
(0.112) (0.012) (0.018) (0.383) (0.057) (0.099)

k=3 0.205%* 0.019* -0.023 1.101%**  -0.085 0.097 0.995
(0.096) (0.010) (0.015) (0.340) (0.054) (0.091)

k=4 0.218%F  (.019** -0.024* 1.363***  -0.088* 0.080 1.677
(0.083) (0.009) (0.013) (0.338) (0.050) (0.089)

k=5 0.260%** 0.017**  -0.023** 0.977%%F  -0.067* 0.069 1.659
(0.073) (0.007) (0.010) (0.242) (0.038) (0.060)

k=6 0.297%% (0.017FF -0.024*** 0.599***  -0.065**  0.071* 1.789
(0.070) (0.006) (0.009) (0.204) (0.031) (0.043)

k=T 0.288%FF (0.017*** -0.025%** 0.285 -0.060* 0.087* 1.709
(0.068) (0.006) (0.008) (0.189) (0.032) (0.045)

k=38  0.237%*% (0.017%FF -0.025%** 0.220 -0.058*  0.095%*  1.361
(0.070) (0.006) (0.007) (0.186) (0.033) (0.041)

k=9  0.217%  0.016%** -0.025*** -0.049 -0.044 0.083**  1.189
(0.066) (0.006) (0.007) (0.191) (0.035) (0.041)

k=10 0.193*** 0.017%%* -0.026%** -0.125 -0.042 0.086**  1.079
(0.063) (0.005) (0.006) (0.194) (0.031) (0.038)

k=11 0.188%%F (0.017*** _0.026*** -0.184 -0.040 0.084**  1.158
(0.057) (0.004) (0.006) (0.190) (0.027) (0.035)

k=12 0.181%%F 0.017*** -0.026*** -0.179 -0.045%  0.093%%*  1.214
(0.052) (0.004) (0.005) (0.172) (0.024) (0.032)
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Table A4: Country-level exposure and predictability patterns, alternative financial expo-
sure proxies

This table shows the results for the following regression setting:

fflri,m =an+ (b + ng,nEEi + bIQE,nFEi)UPEtH

+ (b + 0% p EE" + bhp FEYODY, 1 + €t

where EE' and FE' are the time-series averages of our proxies for economic and financial
exposure, respectively. We consider three alternative proxyes for financial exposure: the ratio
of international bank claims to GDP (source: BIS, in panel A), the capital market restriction
index in Fernandez et al. (2016) (panel B), and the equity market domestic investment share
(source: IMF, coordinated portfolio investment survey, in panel C). ***/ ** and * represent
significance at the 1%, 5%, and 10% confidence levels.

Panel A. International bank claims

bHD ng K ng,n blfﬁ] b%E K b%E,/{ R2
k=1 -0.039 0.009 -0.001 2.143%F% 0.208 -0.135 0.834
(0.150)  (0.047)  (0.025) (0.446)  (0.207)  (0.113)

k=2 0.148 0.022 -0.008 1.170%%%  0.041 -0.060 0.524

(0.110)  (0.033)  (0.017) (0.372)  (0.157)  (0.084)

k=3  0.170*  0.027  -0.010 1.272%%% 0037  -0.012  0.975
(0.093)  (0.027)  (0.015) (0.342)  (0.143)  (0.078)

k=4  0.180%*  0.027  -0.010 1.501%%%  -0.056  -0.005  1.637
(0.080)  (0.023) (0.013) (0.342)  (0.137)  (0.076)

k=5 022000 0027  -0.011 1.135%%%  .0.060  0.004  1.616
(0.070)  (0.019)  (0.011) (0.250)  (0.101)  (0.056)

k=6 0.255%%% 0.020%  -0.012 0.771%%*  -0.089  0.023  1.707
(0.067)  (0.016)  (0.009) (0.205)  (0.070)  (0.039)

k=T 0.245%%% (.028%%  -0.012 0.482%*  -0.091  0.030  1.583
(0.065)  (0.014)  (0.008) (0.196)  (0.061)  (0.032)

k=8 0.196%%* 0.025%*  -0.010 0.424**  -0.072  0.020  1.208
(0.066)  (0.014)  (0.007) (0.199)  (0.057)  (0.029)

k=9 0.179%%% 0.023*  -0.010 0.134  -0.068  0.025  1.019
(0.063)  (0.013)  (0.007) (0.210)  (0.058)  (0.029)

k=10 0.156%%* 0.021*  -0.009 0.063  -0.060  0.021  0.873
(0.060)  (0.012)  (0.006) (0.208)  (0.056)  (0.029)

k=11 0.149%%% 0.021*  -0.008 0.003  -0.063  0.024  0.920
(0.055)  (0.011)  (0.006) (0.203)  (0.054)  (0.028)

k=12 0.144%%% 0.020%%  -0.008 0.015  -0.055  0.018  0.949
(0.051)  (0.010)  (0.006) (0.187)  (0.049)  (0.026)
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Table A4: Country-level exposure and predictability patterns, alternative financial expo-
sure proxies, continued

Panel B. Capital restrictions

b? ng K b?E,H bllij b%E K ng,H R2

k=1 -0.068 0.008 0.033 1.846***  -0.015 0.436 0.794
(0.163)  (0.016)  (0.104) (0.536)  (0.068)  (0.427)

K=2 0.114 0.010 0.051 1.051%** -0.056 0.125 0.488
(0.119)  (0.011)  (0.069) (0.432)  (0.054)  (0.314)

k=3 0.152 0.010 0.035 1.009***  -0.052 0.301 0.967
(0.098)  (0.009)  (0.054) (0.366)  (0.043)  (0.274)

k=4 0.156* 0.009 0.047 1.303***  -0.058 0.214 1.637
(0.084)  (0.007)  (0.046) (0.368)  (0.036)  (0.263)

K=25 0.188%** 0.008 0.061 1.069***  -0.050* 0.023 1.617
(0.073)  (0.005)  (0.038) (0.271)  (0.028)  (0.175)

k=6 0.225%  0.008 0.059* 0.696™**  -0.046**  0.015 1.727
(0.069)  (0.005)  (0.033) (0.224)  (0.023)  (0.133)

k=T 0.218%* 0.008 0.055%* 0.395* -0.037 0.038 1.616
(0.067)  (0.005)  (0.031) (0.209)  (0.023)  (0.119)

K =28 0.168** 0.007 0.054* 0.381°* -0.034 -0.012 1.242
(0.069)  (0.005)  (0.030) (0.212)  (0.025)  (0.116)

k=9 0.151%* 0.007 0.052* 0.073 -0.023 0.011 1.065
(0.066)  (0.005)  (0.027) (0.225)  (0.026)  (0.117)

k=10  0.125% 0.006 0.054** 0.008 -0.021 0.006 0.933
(0.064)  (0.004)  (0.026) (0.234)  (0.024)  (0.120)

k=11 0.119%*  0.007*  0.055** -0.036 -0.019 -0.021 0.994
(0.059)  (0.004)  (0.023) (0.232)  (0.021)  (0.115)

k=12 0.114** 0.007** 0.053*** -0.031 -0.021 -0.003 1.023
(0.054)  (0.003)  (0.020) (0.212)  (0.018)  (0.099)

Appendix Page 4



Table A4: Country-level exposure and predictability patterns, alternative financial expo-
sure proxies, continued

Panel C. Domestic investment share

bKD ng K ng,fi bg b%E K b%E,H R2

k=1 -0.029 0.008 -0.019 2.913** -0.013 -1.000 0.788
(0.263)  (0.016)  (0.257) (1.225)  (0.067)  (1.439)

K =2 0.210 0.009 -0.078 1.397 -0.055 -0.340 0.481
(0.183)  (0.011)  (0.174) (0.924)  (0.052)  (1.036)

k=3 0.238%* 0.010 -0.081 1.378** -0.055 -0.188 0.947
(0.143)  (0.009)  (0.134) (0.658)  (0.044)  (0.777)

k=4 0.257** 0.009 -0.087 1.714***  -0.059 -0.336 1.620
(0.125)  (0.007)  (0.115) (0.619)  (0.036)  (0.734)

k=5 0.305%  0.008 -0.096 1.212%**  -0.049* -0.170  1.599
(0.107)  (0.006)  (0.093) (0.429)  (0.028)  (0.504)

k=6 0.348%  0.008 -0.106 0.700*  -0.046**  0.010 1.709
(0.101)  (0.005)  (0.079) (0.379)  (0.023)  (0.395)

k=7 0.350%%  0.008 -0.123* 0.290 -0.039 0.181 1.606
(0.097)  (0.005)  (0.071) (0.372)  (0.024)  (0.384)

k=38 0.290%**  0.007 -0.109 0.372 -0.034 -0.001 1.231
(0.097)  (0.005)  (0.067) (0.354)  (0.025)  (0.354)

k=9 0.279%  0.007 -0.119** -0.021 -0.024 0.139 1.058
(0.091)  (0.005)  (0.060) (0.349)  (0.027)  (0.323)

k=10 0.251*%F 0.007* -0.114** -0.091 -0.022 0.141 0.918
(0.086)  (0.004)  (0.056) (0.355)  (0.025)  (0.305)

k=11 0.240%** 0.007* -0.108** -0.151 -0.020 0.136 0.973
(0.078)  (0.004)  (0.052) (0.354)  (0.022)  (0.305)

k=12 0.230%%* 0.007** -0.104** -0.142 -0.022 0.149 1.001
(0.072)  (0.003)  (0.050) (0.332)  (0.019)  (0.309)
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Figure A1l: Alternative measures of the VP and its components

The dashed lines denote the Martingale measure, or measure (1) in Tables |l and [2 The solid lines
denote the benchmark VP measures used in the main empirical results (Table [1| and Figure . The
shaded regions indicate NBER recessions.
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Panel predictive coefficient of UVP
T T T

Figure A2: The international stock return predictability of DVP and UVP

This figure shows the predictive coefficient estimates for the downside (DVP, top) and up-
side (UVP, bottom) variance premiums at horizons between one and 12 months for the main
predictability regression setting:

—1 D.. D U, U
K Titt+n = Qi + Qs + 0 0P g + b vpy g + €ttt

where 7; 441, denotes the cumulative x-month-ahead log excess returns for country i. The
dashed lines depict 90% confidence intervals given Newey-West standard errors.
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Figure A3: DVP coefficients, country-level regression

-1
2 4 6 81012

2 4 6 81012

This figure shows the predictive coefficient estimates of the downside variance premium (the
solid lines) and its 90% confidence interval given Newey-West standard errors (the dashed lines)
at the country level. The regression setting is the following:

-1 D, D U, U
K™ Tittt+r = Qi T 050D 1 + b5 UPE 1 + €t ttrs

where 7;; 4, denotes the cumulative xk-month-ahead log excess returns for country .
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Figure A4: UVP coefficients, country-level regression

This figure shows the predictive coefficient estimates of the upside variance premium (the solid
lines) and its 90% confidence interval given Newey-West standard errors (the dashed lines) at
the country level. The regression setting is the following:

-1 D, D U, U
K Tittt+r = Qi T 050D 1 + b5 UPE 1 + €t ttrs

where 7;; 14, denotes the cumulative xk-month-ahead log excess returns for country .
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Predictive coefficients of U.S. DVP Predictive coefficients of global DVP

Figure A5: The international stock return predictability of U.S. and global DVP and
UvVP

This figure shows the predictive coefficient estimates of the downside (DVP, top) and upside
(UVP, bottom) variance premiums at horizons between one and 12 months for the main pre-
dictability regression setting:

-1 D, D U, U
K Titttr = Qg + b VP41 T by, UPg 41t Eitittrs

where 7; ¢4, denotes the cumulative x-month-ahead log excess returns for country i. The
dashed lines depict 90% confidence intervals given Newey-West standard errors (SEs). The
left panels show the coefficients when vp” and vp” are the variance premium components for
the United States, while for the right panels, the variance premium components are the equal-
weighted average for the United States, Germany, France, and Switzerland. The sample runs
from April 2003 to December 2019. Appendix Page 10



B. A no-arbitrage international framework

This appendix complements Section and solves a simple no-arbitrage international framework
to motivate our empirical model. This framework, without loss of generality, consists of a characteriza-
tion of the state evolution and a pricing kernel for a U.S./global representative agent. The U.S. state
evolution process is characterized by kernel state variables, their second-moment state variables, and a
cash flow state variable (dividend growth). The dynamic state process, Y;, follows a VAR nature, and
the shocks, wy, are mutually independent centered gamma shocks that introduce heteroskedasticity and
non-Gaussianity in an affine state variable system, as follows:

Yir1 =p+AY; + Xwiqq, (B1)
w1 ~ T(QY: +e,1) — (2Y; +e),

where pu, A, 3, Q, and e are constant matrices; I' represents a gamma distribution; QY; + e denotes
a vector of shape parameters that spans second (and higher-order) moments of these shocks; and the
constant matrix © describes the relative loadings. The first moment of a gamma distribution I'(z, 1) is
x, and, therefore, T'(Q2Y: + e,1) — (2Y: + e) guarantees that the shocks w41 follow centered gamma
distributions. The loading matrix €2 can contain positive, zero, and negative coefficients; this means
that a univariate process, such as real growth, can load on multiple shocks on the economy in order to
realistically capture their left- and right-tail behaviors. The empirical assumption of asymmetric non-
Gaussian shocks allows the framework to be relatively flexible in the estimation while still keeping the
model tractable, given their exponential moment-generating functions.
Next, we assume a general linear process of the log U.S. real pricing kernel, as follows:

M1 = mo +m1Yy + maXwsyq, (B2)

where mj and mo denote the loadings on the lagged state variables and the shocks, respectively.

The U.S./global investor prices individual country dividend growth processes, which load on both
global and idiosyncratic kernel and cash flow shocks with heterogeneous degrees of global exposure. To be
specific, we assume that dividend growth processes for the United States and country ¢ are, respectively,
the following;:

Adypy =do +d1 Yy + daXwiy g, (B3)
Ady g = dy+di Yy + dySwepr + pp + g, (B4)

where d’i (d’z) indicates the loadings of country i’s dividend growth on the U.S. lagged state variable
levels (state variable shocks) and p} and ug ;. indicate, respectively, the additional country-specific

dividend growth mean and shock processes that are orthogonal to the U.S. shocks. Both dfl and dé can
be motivated to reflect global exposure that can potentially be of an economic or financial nature.

B.1. Solution: U.S. price-dividend ratio and log returns

Given the no-arbitrage condition, the U.S. price-dividend ratio can be rewritten as,

Pii1+ Dy > =
PDt = Et |:Mt+1 (Dt == ;Et exp ;mt_,_j + Adt+j 5 (B5)
where m, ; indicates the future log U.S. pricing kernel at month j and Ady4; the j-th month log dividend
growth rate. Let F}* denote the n-th term in the summation, F{* = E} [exp (Z?Zl Myt + Adtﬂ»)], and

hence F{*D; is the price of zero-coupon equity that matures in n periods. The PD; can be rewritten as
Do F
We first prove that, Vn > 1, F}* is an exactly exponential affine function of the state variables using
induction. When n = 1, Ftl = Et [exp (mt+1 + Adt+1)} = Et {exp [(mo + do) + (m1 + dl)}ft + (m2 —+ dz)Ewt_H}} =
exp (e(l) + e}Y}), where e} and e] are implicitly defined. Suppose that the (n — 1)-th term =
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exp (eg_l + e’ll_lYt), then

Ftn = Et exp thﬂ- + Adt+j
Jj=1
[ n—1
= By { exp(miy1 + Adiy1) Eiqr |exp Z Miyjr1 + Adpgjr
j=1
ey
=F; [exp(th + Adiyq) exp (68_1 + e?_lYt_H)] = exp (ef + eTYy), (B6)

where e and el are implicitly defined. Hence, the price-dividend ratio can be solved as PD; =
S Er =3 exp (e(’)‘ + e?Yt) . The log return can be solved with linear approximation as

143 exp (ef + el Viqa)
Yo exp (ef + eTYs)
S exp (ef + eTY) el er
~ Adyy1 + const. + == —Yii1 — —= 1 —
o L+ exp (e +e¥) T T e (6 + 1Y)
=&+ &Y +EXwiq. (B7)

P, D
Ti41 = 1n <t+1 + D

Pt ) == Adt+1 + In

Y:

This produces a linear return process.

B.2. Solution: International price-dividend ratio and log returns

The model takes the perspective of a U.S. investor. She prices country i’s cash flow processes in

dollars at the equilibrium. Given the common pricing kernel my 1, the price-dividend ratio of country

i is modeled as PD! = E; |:Mt+1 (%ﬁ“)} =Y E [exp (Z?:l Mty + Adiﬂ)] Using similar

induction procedures, it can be shown that

(o) o)
PDi = Z ' = Z exp | ef™ +eY™Y; + es"Y; ) (B8)
n=1 =1 v
Idiosyncratic Part

where Y;' denotes a vector of country-specific state variables. The country i log market return can be
solved and approximated as,

L+>° exp (eé’" + ei’nYt_H + ei’"l’;ﬂ_l)

S Ry

2

, P}, + D; :
i, =In (M) =Ad},, +In
t

S0 exp (e + €Y 4 V) b
) K—‘,—l -

i,
€1

S e (" + AV + YY)

~ Ad; 4 + const. +

— Y;
14370 exp (66’" +ei"Y + ez Y

Global exposure

P e s UL .
. N _ . — Y;z_i_l - X 2 B _ - — Y;z
LS e (e 4"V 4 oY) TS e (6 4 eV 4 657
Idiosyncratic
=&+ €Y, + £ 2wy q + Idiosyncratic Parts. (B9)
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In this framework, international stock returns are differentiated through cash flow capitalizations,
where country cash flow growths are assumed with different levels of exposure to various global shocks.
Intuitively, 5; is crucial in determining country i’s risk premiums. Two sources of cross-country het-
erogeneity in &% can be shown in a closed-form model solution, one through the pure cash flow growth
Ad: 41 and another through the changes in country #’s log price-dividend ratio. First, we explicitly as-
sume that country i’s cash flow growth loads on global shocks through d,. Second, when global economic
uncertainty increases, country 4’s future dividend growth (i.e., modeled as dj) is expected to decrease,
driving down the current stock price. A bad global economic or risk aversion shock could also induce
different intertemporal substitution or precautionary savings effects for different countries due to varying
exposure of dividend growth to global shocks (i.e., modeled as d3), changing the interest rates and hence
the total return demanded in an individual country. Therefore, both dj and d can enter country i’s
price-dividend ratio, and both can motivate heterogeneity of &5 in r{ ;.

B.3. Solution: Variance risk premium

We derive U.S. one-period conditional stock return variances under the physical and risk-neutral
expectations. First, the U.S. one-period physical conditional return variance can be easily obtained,
given that wey1 ~T(QY: + e,1) — (QY: + €), as

VAR (ri1) = (£23)°2 (QY; + €) (B10)

where “o” indicates element-by-element matrix multiplication.

Second, the U.S. one-period risk-neutral conditional return variance can be obtained using the
moment generating function (MGF) of gamma-distributed shocks. We start from the MGF under the
risk-neutral measure

By [exp (myq1 +vrigr)]
Ey lexp (mi1)]
= exp{Ei(mi1) + vE(req1) + [—(m2 + v€2)E — In (1 — (m2 + v£2)X)] (QY; + €)}
[ exp{Ei(mi1) + [-m2X — In (1 - m2X)] (2Y; + e)}
= exp{VvEi(rip1) + [-v€E+[-In(1 — (M2 +v€2)X) +1In(1 —m23)]] (QY: +€)}.

mgftQ(TtH; v) =

The first-order moment is the first-order derivative at v = 0,

Q .
OMIIET) 120y, 30) o { Bulresn) + [(ma + v&2) B0 €250 (1~ (ma + v&2))" ] (% +€))

omgfe(r 7
E9 ) = gfta(ytJrl )|V:0

= Ey(re1) + {mZE 0&2X¥ 0 (1— sz)Ofl} (QY: +e).

The second-order moment can be derived as follows:

O*mg [ (rep1;v)
ov?

=mgf2(rei1;v) * {Et(rtﬂ) + [(mz +v€2)E0&Xo0 (1~ (me + Vﬁz)z)oq} (QY: + e)}2
+mgf (repa;v) * {[(mz + v€2)T 0 (£23)7 — (1 — (m2 + v€2)T) 0 (£25)%%] o (1 — (M2 + v€2)X)

0*mgf (riz1;v)
EtQ(rtQ—O—l) = tayg = lu=0

= (B20r) + [(@2)7 0 (1 - mam) Y] (@Y 4 ).

As a result, the one-period risk-neutral conditional variance is

VAR ) = B () — (BRGE))

= [(@=)? 0 (1-mam) | (Yi + ).
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The U.S. variance risk premium, VARE (7, ,) — VAR, (i), is hence given by:

VAR (7iy) = VAR(Fiy) = {(€22)? 0 [(1 - ma®)° 7 — 1]} @Y +e),  (BID)
where “0” denotes element-by-element matrix multiplication.

This provides some economic insights. First, the dynamics of VP (and its downside and upside
components) should be driven by the shape parameters of kernel state variable shocks, here specified
as QY; + e. This is because, for these shocks, the pricing kernel has non-zero loadings (that is, mq #
0). Second, for shocks with positive mo loadings, their shape parameters (as captured in (QY:; + €))

1
1—moo

2
contribute positively to VP, given [( ) — 1} > 0. Intuitively, for instance, in a standard habit

formation model, the marginal utility loads positively on relative risk aversion, and, hence, VP in such
a framework would increase with the expected variability in risk aversion; in the long-run risk model
of |Segal, Shaliastovich, and Yaron| (2015), the kernel has a positive exposure to a bad macroeconomic
shock, and, hence, VP could also increase with bad macroeconomic uncertainty.

Note that it is not trivial to derive model-implied VP components that are consistent with the
downside and upside definitions as in our empirical section (negative and positive return realizations,
respectively, in Section because returns are endogenously determined, as shown in Equation .
Therefore, given the empirical focus of the paper, we choose to determine and separate the drivers of
downside and upside VPs entirely empirically and let the data speak, as discussed in Section Such
an empirical approach is motivated from what we learn in this appendix section: that VP should be
spanned by second moments of kernel shocks and so should its components.

B.4. Solution: Equity risk premiums

The risk-free rate is derived as

rfr = —In{E; [exp(my41)]}
= —In{Fi(mi1) + [-m2X —In (1 —m2X)] (QY: + €)}. (B12)

We then impose the no-arbitrage condition, 1 = E;[exp(my41 + r141)] and obtain the expected excess
returns. By expanding the law of one price equation, we obtain

1 = Et [exp(mt_H + Tt+1)]
= exp{Ei(mit1) + Ey(ree1) + [= (m2 + &)X —In(1 - (m2 + &2) X)] (Y +e)},

where ma, €2, X, and e are constant matrices defined above. Given the risk free rate derived above, the
U.S. equity risk premium is given by:

Bi(ress) = rf, = {€25 +In[1— (m2 + £)%] — n(1 - ma D)} (Vs + e), (B13)

which is determined by second moments of shocks that commonly drive the pricing kernel and asset
returns. Similarly, these U.S. second moments also determine the global compensation part of country
i’s one-month-ahead equity risk premium (EP; ;) in our framework, as follows:

Eri) —rf,={€&S +I[1 - (m2+&)Z] —In(1 - m2X)} (QY; + e)
The Global Compensation Part
+ Idiosyncratic Parts. (B14)

The Gaussian approximation of the US return equation above is — (maX 0£&33) (QY: 4+ €), or
—Covy(riy1, my41); similarly, for other countries, the global part captures —Covt(riﬂ,mtﬂ). The
total country equity risk premiums can also be driven by a pure local risk compensation component,
which, however, is not the focus of the paper and in theory should be unpredictable by common/U.S.
predictors, and, hence, is abbreviated above without loss of generality.

In summary, this framework suggests two important implications for our research objective. First,
both the dynamics of VP and the global part of international EPs should be driven by the second moments
of kernel shocks. Second, this commonality implies various stock return predictability channels, which
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together relate to the observed international predictive coefficients.

C. Additional empirical evidence for Sections|3.2 and

C.1. Dynamic processes

We present precise processes to estimate the equation system . The economic growth state
variable is assumed to follow a reduced-form dynamic process that captures time-varying expected growth
and asymmetric/skewed and heteroskedastic shocks to be potentially consistent with recent work (see,
e.g., |Adrian, Boyarchenko, and Giannone| (2019)):

i1 =0+ po.o(0: — 0) + po,op(0pe — Op) + po.on (00 — On) + S 0pwop.t+1 — 60,0nWon 141 (C15)

where the conditional mean is subject to an AR(1) term capturing persistence as well as changes in
expected good and bad economic uncertainties capturing the GARCH-in-mean intuition. As in [Bekaert,
Engstrom, and Xu| (2022), the disturbance of the log economic growth is decomposed into two indepen-
dent centered gamma shocks, as follows:

Wop,t+1 = L'(Ops, 1) — Opy,
Won,t+1 = L'(0ng, 1) — Ony,

where wap t4+1 (Won,t+1) governs the right-tail (left-tail) dynamics of the growth distribution with shape
parameter Op; (6n;) determining the conditional higher moments of the growth disturbance shock. For
example, given the moment generating function (MGF) of independent gamma shocks, the conditional
variance of 6,11 is (50 op Op: + (59 on0n: and the conditional unscaled skewness is 257 op Op; — 259 on0ne. In-
creases in Op; (Ony) 1mply higher (lower) conditional skewness while increasing conditional variance, and,
hence, Op; (0n;), can be interpreted as the “good” (“bad”) uncertainty state variable. This disturbance
structure is one of the non-Gaussian shock assumptions that the literature has explored to realistically
model macro or financial state variable processes (see, e.g., [Eraker and Shaliastovich| (2008]); [Fulop, Li,
and Yu| (2015); Segal, Shaliastovich, and Yaron| (2015)); [De Groot| (2015)); Bekaert and Engstrom! (2017));
and Xu (2021)). The dynamics of the good and bad economic uncertainty state variables follow AR(1)
processes:

Opey1 = Op + pop(0p, — Op) + dopwop,is1, (C16)
Ong 1 = On + pen(ent - %) + Tonwon,t+1- (C].?)

We define a macroeconomic state variable vector, Yimqge,t = [Qt Op: Hnt] /, and its unconditional mean
Yiac = [9 Op Hn] . The risk aversion state variable, q;, evolves over time with a state-dependent
conditional mean and a disturbance that is exposed to fundamental economic shocks. The residual is
then separated into two independent gamma shocks, wqp t+1 and wg 41, potentially capturing distinct
behaviors of the right-tail (high risk aversion) and left-tail (low risk aversion) preference shocks:

Gt+1 =G+ Pq.q(@t — Q) + pg.gn(ahe — qh) + pg,mac (Ymac,t — Ymac)
+ 0g,0pWop,t+1 + 0q,0nWon,t+1 + 0q,qhWah,t+1 — Oq,qiWql,t4+15
Wah,t+1 = [(gh¢, 1) — qhy,
wat,i+1 = T(gl, 1) = gl,
qhiy1 = qh + pgn(qhe — qh) + ognwan 141 (C18)

The conditional mean of risk aversion evolves with the macro variables (both level and volatility), an
AR(1) term, and a high risk aversion state variable gh; that captures the fluctuation of the right-tail risk
aversion shock. Given that risk aversion heteroskedasticity is likely driven by its right-tail movements
when risk aversion is high, we shut down heteroskedasticity coming from the left-tail movements when
risk aversion is low to keep the model relatively simple. Note that our risk aversion dynamics are different
from those in the literature. First, |[Bekaert, Engstrom, and Xu (2022) also assume a pure risk aversion
shock that is orthogonal to consumption (fundamental) shocks; they assume its shape parameter is the
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same as risk aversion, whereas we elicit a new state variable gh; that does not equal ¢; (but should
very likely positively correlate with ¢; empirically, as we do find later). Second, the most acknowledged
time-varying risk aversion model is [Campbell and Cochrane| (1999)), which assumes that risk aversion is

purely driven by changes in real fundamentals. Finally, we set Yg ¢ = [qt qht]/, and Y, = [q q7z]l

C.2. Estimation results

The estimation of the three state variable system is conducted sequentially given the overlaying
shocks. First, the economic growth and uncertainty state variables are estimated using a monthly
sample from 1947/02 to 2019/12 and the Approximate Maximum Likelihood (AML) methodology in
Bates| (2006). Then, the risk aversion measure uses the ¢; series from Bekaert, Engstrom, and Xu/ (2022]),
covering from 1986,/06 to 2019/12, and is first projected on known macro variables; the disturbance is
estimated following [Bates| (2006). Below are the estimation results (*** (**, *): 1% (5%, 10%) test):

A. Estimation Results of 6, 0p;, On,

0y 0 P06, £6,6p P6,6m d6,6p 06,0n
Coeff.  0.0023*** 0.3799*%**  4.02E-05 -0.0001 0.0001*** 0.0028***
SE (0.0003)  (0.0313)  (0.0002)  (0.0012)  (2.81E-5)  (0.0003)
Opi:  Op Pop d6p
Coeff. 500 (fix) 0.9979%**  (.3739***
SE (0.0171)  (0.0173)
ent : % Pon 69p
Coeff.  10.3362%*%*  0.9525%**  2.2996***
SE  (2.0747)  (0.0096)  (0.1907)
B. Estimation Results of ¢, gh;
q: q Pq.q Pq.qh Pq,6 Pq,0p Pq,0m
Coeff.  0.3266*** 0.7124*%**  -0.0006 -3.1851**%*  0.0008** 0.0011
SE  (0.0102)  (0.0355)  (0.0004)  (0.9238)  (0.0003) (0.0009)
dq,0p Og,0m dq,qn dq,q1 ql
Coeff.  0.0004 0.0185*%**  1.0767***  0.0906***  786.6892***
SE  (0.0003)  (0.0034)  (0.0645)  (0.0001)  (102.74)
qhy: qh Pqh dgh
Coeff. 0.872%** 0.5677F**  1.0767***
SE  (0.0670)  (0.0307)  (0.0645)

We next compare the closeness between average conditional moments (mean, variance) and em-
pirical unconditional moments of 6,11 and ¢q;11. Moment matching is expected because of the highly
specified model assumptions; given that our paper is not about selecting the most efficient dynamic pro-
cess but obtaining realistic estimates of state variables, we do not expand the model comparison exercise
and follow existing evidence and frameworks in the literature.

0111 qt+1
Data Model Data Model
Mean 0.0023*** 0.0025 0.3023***  0.3049
(0.0003) (0.0084)
Variance 7.33E-05%**  6.11E-05 0.0091*** 0.0094
(7.73E-06) (0.0018)

The figures below depict the dynamics of state variables in the macro and risk aversion, respec-
tively:

(1) From top to bottom: Economic growth (gray) and its conditional mean (red); good macro
uncertainty state variable 8p;; bad macro uncertainty state variable n;; total conditional volatility.
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(2) From top to bottom: Risk aversion state variable ¢; from Bekaert, Engstrom, and Xu| (2022)) (gray)
and its conditional mean (red); high risk aversion state variable gh;; total conditional volatility.
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C.3. Variance decomposition of international equity risk premi-
ums: A cross-country view

This figure complements Figure (B) with a cross-country view and Figure |§| with a variance
decomposition perspective. This plot shows the variance decomposition (in %) of the model-implied
international equity risk premiums at various horizons coming from different sources of state variables;
by construction, at each horizon, the sum of the three numbers adds to 100%. The results are calibrated
using low/high economic and financial exposure, with low (high) being below the 33th (above the 67th)
percentile value of the 22 countries; see construction and data details in Table [
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