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KEY FINDINGS

m Geopolitical risk is not priced in the mean; it is priced in the tails of asset return
distributions. Traditional risk measures may, therefore, underestimate the financial
consequences of geopolitical shocks during periods of market stress.

m Tail geopolitical risk exposure (TGRE) and tail geopolitical risk contribution (TGRC) provide
distinct information about geopolitical vulnerability and risk transmission. Markets that
are most vulnerable to geopolitical shocks are not necessarily the same markets that
amplify systemic geopolitical stress.

m Understanding tail geopolitical risk can improve portfolio monitoring, asset allocation,
stress testing, scenario analysis, enterprise risk management, and financial stability
oversight, strengthening institutional preparedness for low-probability, high-impact
geopolitical shocks.

ABSTRACT

Geopolitical risk is an important source of uncertainty for investors, financial institutions, and
policymakers. However, conventional approaches provide limited insight into how geopolitical
shocks affect portfolios during periods of market stress. This article develops a unified
framework for measuring geopolitical tail risk by combining information from widely used
uncertainty and geopolitical indicators into a consolidated geopolitical risk factor. Using daily
returns for 44 national equity markets and 11 US equity sectors, the authors construct mea-
sures of tail geopolitical risk exposure (TGRE) and tail geopolitical risk contribution (TGRC).
TGRE measures vulnerability to geopolitical tail events, while TGRC measures contribution to
the transmission of geopolitical stress throughout the financial system.The results show that
geopolitical risk is not priced in the mean; it is priced in the tails of asset return distributions.
Markets with greater TGRE experience larger losses during periods of geopolitical stress, while
markets with greaterTGRC play a larger role in amplifying systemwide risk. Evidence from the
Russia-Ukraine conflict and the October 7, 2023, attacks in Israel supports the economic
relevance of the proposed measures. The framework provides a practical tool for portfolio
construction, stress testing, geopolitical scenario analysis, and financial stability oversight.

Military conflicts, strategic trade restrictions, sanctions regimes, geopolitical
fragmentation, and intensifying competition among major powers increasingly
influence asset prices, portfolio risk, institutional resilience, and financial stability.
Recent work emphasizes that rising geopolitical fragmentation is reshaping global
financial linkages, cross-border capital flows, and the transmission of shocks
across markets (Aiyar et al. 2023; IMF 2023). A growing body of research further

G eopolitical risk has reemerged as a central driver of global financial instability.
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shows that macrosystemic risks tend to manifest primarily through rare but severe
outcomes rather than through marginal effects on expected returns (Barro 2006).
In this environment, portfolio managers face growing challenges in assessing
downside risk, chief risk officers must evaluate institutional vulnerabilities under
conditions of heightened uncertainty, and regulators and policymakers are paying
greater attention to how geopolitical shocks propagate through the financial system.
As geopolitical fragmentation accelerates, the key challenge is no longer simply
measuring geopolitical uncertainty but understanding how geopolitical shocks
translate into financial losses, portfolio vulnerability, and systemic risk.

The economic importance of this challenge is becoming increasingly evident.
Recent academic and practitioner research shows that geopolitical shocks can
generate substantial losses across asset classes, alter diversification benefits, and
produce persistent macrofinancial effects through energy markets, inflation dynamics,
and broader economic channels (Engle and Campos-Martins 2020; Katiyar and Gupta
2026). Institutional investors now recognize that geopolitical events are no longer
isolated disturbances but potential drivers of portfolio performance, risk management
outcomes, and financial stability considerations.

A central difficulty is that the most important financial consequences of
geopolitical risk often remain hidden during normal market conditions. Traditional
approaches to measuring geopolitical risk, frequently based on media-frequency
indicators or broad uncertainty measures, provide useful information about the level
of uncertainty but offer limited guidance regarding portfolio vulnerability, downside
risk, or systemic transmission. Yet recent episodes, from the global financial crisis
(GFC) and the COVID-19 pandemic to the Russia—Ukraine war and the October 7,
2023, attacks in Israel, demonstrate that the most consequential effects of geopo-
litical stress emerge when markets become fragile, correlations rise abruptly, liquidity
conditions deteriorate, and losses accumulate across institutions and jurisdictions.
This perspective is consistent with evidence showing that major macroeconomic
shocks reshape financial risk through abrupt and nonlinear channels rather than
through smooth average effects (Bekaert et al. 2020).

This distinction between average and tail effects is central to our analysis. As we
show empirically, commonly used measures of geopolitical risk are not systematically
priced in the cross section of equity returns under normal market conditions. However,
this apparent absence of pricing masks substantial nonlinear effects that emerge
when geopolitical risk becomes elevated. Put differently, geopolitical risk is not
priced in the mean; it is priced in the tail. Similar patterns have been documented
for other emerging macrosystemic risks, such as climate change, whose financial
consequences are often concentrated in adverse states of the world (Giglio et al.
2021). More broadly, systemic-risk frameworks emphasize that exposures become
most relevant precisely when the aggregate system is under stress (Acharya et al.
2017). From a financial market perspective, geopolitical risk should, therefore, be
viewed primarily as a tail phenomenon.

This article develops a unified framework for measuring and monitoring geopolitical
tail risk across financial markets. Specifically, we construct a consolidated geopolitical
risk factor by aggregating information from widely used measures of geopolitical and
policy uncertainty and then use that factor to quantify two distinct dimensions of risk:
tail geopolitical risk exposure (TGRE) and tail geopolitical risk contribution (TGRC).
TGRE measures the extent to which countries or sectors become vulnerable when
geopolitical conditions deteriorate. TGRC measures the extent to which countries or
sectors amplify and transmit geopolitical stress within the broader financial system.
This distinction between exposure and contribution is well established in the
systemic-risk literature (e.g., Adrian and Brunnermeier 2016) and is particularly import-
ant because markets that are highly vulnerable to geopolitical shocks are not neces-
sarily the same markets that transmit those shocks to others. Consistent with this
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framework, exposure identifies vulnerability to geopolitical stress, while contribution
identifies systemic importance during periods of market disruption.

The measurement of geopolitical and policy-related uncertainty has received
considerable attention in the literature. Baker et al. (2016) introduce the Economic
Policy Uncertainty (EPU) Index, a text-based measure designed to capture uncertainty
surrounding fiscal, monetary, and regulatory policy. Similarly, Caldara and lacovi-
ello (2022) develop the Geopolitical Risk (GPR) Index, which isolates geopolitical
tensions using news-based indicators related to wars, terrorist activity, and diplomatic
conflicts. These measures have become standard tools in both academic research
and policy analysis. Despite their usefulness, they differ substantially in scope,
construction, and economic interpretation. Moreover, their correlations with market-
based volatility measures such as the CBOE VIX Index are moderate at best and vary
significantly across market regimes. This fragmentation mirrors broader findings in
the political uncertainty literature, which highlight the nonlinear and state-dependent
nature of risk pricing (e.g., Pastor and Veronesi 2012, 2013; Kelly et al. 2016).
As a result, no single indicator provides a sufficiently comprehensive representation
of market-relevant geopolitical risk, particularly during periods of stress.

To address this issue, we consolidate information from multiple uncertainty
measures using principal component analysis (PCA), a widely used statistical technique
for extracting common information from a set of correlated variables (Jolliffe 2002).
In simple terms, PCA is a statistical dimension-reduction technique that extracts the
common signal shared across multiple related indicators while filtering out idiosyncratic
noise. In the present context, PCA allows us to combine information from the EPU,
GPR, and VIX indexes into a single measure that captures the common component of
geopolitical and uncertainty-related risk. Rather than relying on any individual index,
the resulting factor isolates the risk signal most relevant to financial markets.

Recent work has begun to bridge the gap between macro-level uncertainty
measures and financial markets. Engle and Campos-Martins (2020) show that
geopolitical forces influence global volatility spillovers, linking geopolitical risk to
asset-pricing dynamics and portfolio allocation decisions. Similarly, Lotfi et al. (2025)
show that political risk constitutes a distinct source of portfolio risk and that explic-
itly hedging political risk can improve the performance of internationally diversified
portfolios. More broadly, the systemic-risk and tail-risk literatures emphasize that
economically significant risks often materialize through extreme outcomes rather
than average market behavior (Kelly and Jiang 2014; Acharya et al. 2017), while
financial frictions and limits to intermediation can amplify these risks during periods
of market stress (Duffie et al. 2023). Together, these insights motivate the need for
a unified framework that both consolidates geopolitical risk measures and captures
their impact on downside market outcomes.

The consolidated factor serves as the foundation of our empirical framework.
We combine it with a tail-risk methodology derived from the broader systemic-risk
literature. Specifically, we build on the concepts of CoVaR (Adrian and Brunnermeier
2016) and CoMargin (Cruz-Lopez et al. 2017) to measure how geopolitical tail events
affect financial markets and how financial markets contribute to the transmission of
geopolitical stress. While CoVaR focuses on risk spillovers associated with extreme
losses, CoMargin extends this perspective to collateral, funding, liquidity, and other
systemic-risk channels. We adapt these ideas to the geopolitical domain by develop-
ing measures of tail geopolitical risk exposure and tail geopolitical risk contribution
across countries and sectors.

The empirical analysis uses daily exchange-traded fund (ETF) returns across 44
national equity markets and 11 US equity sectors from 2000 through 2024. The use of
ETFs ensures that the analysis remains transparent, investable, and directly applicable
to practical decision-making. As a result, the proposed measures can be incorporated
into portfolio monitoring, strategic asset allocation, risk budgeting, stress testing,
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and geopolitical scenario design. For institutional investors, the framework provides
a practical tool for identifying concentrations of geopolitical vulnerability. For chief
risk officers and senior executives, it provides a systematic approach for evaluating
institutional resilience and risk oversight. For regulators and policymakers, it provides
additional insight into how geopolitical shocks may propagate across markets and
contribute to broader systemic vulnerabilities.

This article makes three principal contributions. First, it develops a consolidated
geopolitical risk factor that addresses fragmentation across existing geopolitical and
uncertainty indicators and provides a unified measure of market-relevant geopolitical
risk. Second, it extends the systemic tail-risk literature by introducing measures
of tail geopolitical risk exposure and contribution that explicitly focus on extreme
downside outcomes rather than average effects. Third, it provides comprehensive
evidence across countries and sectors, documenting substantial differences in
both vulnerability and systemic importance that are largely absent from traditional
approaches based on volatility or average-return sensitivity.

Finally, we evaluate the practical relevance of the framework through two major
geopolitical events: the Russia—Ukraine conflict and the October 7, 2023, attacks in
Israel. The results show that ex ante estimates of tail geopolitical risk exposure help
explain realized losses following these events, providing evidence that a tail-based
approach contains economically meaningful information about future vulnerability.
Taken together, the findings suggest that investors, risk managers, senior executives,
regulators, and policymakers who focus exclusively on average-return behavior are likely
to underestimate the true financial consequences of geopolitical risk. A consolidated,
tail-focused approach provides a more informative framework for understanding,
monitoring, and managing geopolitical risk in an increasingly fragmented world.

DATA

This section describes the geopolitical risk measures and financial market data
used in the empirical analysis. Particular emphasis is placed on transparency, cover-
age, and investability, ensuring that the results can be interpreted and implemented
by practitioners as well as evaluated by academic readers.

Geopolitical and Uncertainty Measures

The construction of the consolidated geopolitical risk factor relies on three widely
used measures that capture distinct but complementary dimensions of uncertainty and
risk. First, we use the Geopolitical Risk (GPR) Index of Caldara and lacoviello (2022),
which is based on the frequency of newspaper articles associated with geopolitical
tensions, wars, terrorist activity, and diplomatic conflicts. Data for the GPR Index were
obtained from www.matteoiacoviello.com/gpr.htm. Second, we include the Economic
Policy Uncertainty (EPU) Index of Baker et al. (2016), which captures uncertainty
related to fiscal, monetary, and regulatory policy. Data for the EPU Index were obtained
from www.policyuncertainty.com/index.html. Third, we incorporate the CBOE VIX Index
as a market-based measure of aggregate uncertainty implied by equity option prices.
We obtain data for the VIX Index from CBOE Global Markets accessed through the
Wharton Research Data Services (WRDS) website. Exhibit 1 shows summary statistics
for risk and uncertainty measures. All series are observed at the daily frequency and
standardized prior to aggregation through principal component analysis, as described
in the Methodology section.

The availability of these measures determines the effective sample, which
spans January 2000 to December 2024. To study potential regime dependence, the
analysis also considers subsamples corresponding to major economic and geopolitical
episodes, including the global financial crisis and the COVID-19 period.
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EXHIBIT 1

Summary Statistics for Risk and Uncertainty Measures

Variable N Start Date End Date Mean Median Std. Dev. Min Max P1 P5 P95 P99
EPU 6,307 01-03-2000 12-31-2024 111.40 90.20 81.70 3.30 1026.40 18.30 30.30 259.40 434.70
EPU (% change) 6,306 01-04-2000 12-31-2024 0.11 -0.06 0.85 -0.96 22.08 -0.77 -0.62 1.28 2.84
GPRD 6,307 01-03-2000 12-31-2024 115.50 103.40 65.50 9.50 871.00 34.80 49.40 207.40 356.70
GPRD (% change) 6,306 01-04-2000 12-31-2024 0.21 0.06 0.77 -0.95 16.66 -0.59 -0.43 1.27 2.45
VIX 6,307 01-03-2000 12-31-2024 19.90 17.80 8.50 9.10 82.70 10.00 11.30 34.60 53.50
VIX (% change) 6,306 01-04-2000 12-31-2024 0.00 -0.01 0.07 -0.30 1.16 -0.15 -0.10 0.12 0.24
PC1 6,307 01-03-2000 12-31-2024 0.00 -0.28 1.22 -1.79 9.18 -1.48 -1.28 2.28 4.76
PC2 6,307 01-03-2000 12-31-2024 0.00 -0.12 0.99 -2.93 10.05 -1.72 -1.19 1.40 3.49
PC3 6,307 01-03-2000 12-31-2024 0.00 0.00 0.74 -4.20 8.46 -1.94 -1.11 1.15 2.12

NOTES: This exhibit reports summary statistics for the uncertainty and geopolitical risk measures used in the analysis. EPU denotes
the Economic Policy Uncertainty Index of Baker et al. (2016), GPRD denotes the Geopolitical Risk Index of Caldara and lacoviello
(2022), and VIX denotes the CBOE Volatility Index. Percentage-change variables are computed using daily changes in the
corresponding indexes. PC1, PC2, and PC3 denote the first three principal components extracted from the covariance matrix of
EPU, GPRD, and VIX (in levels). Columns P1, P5, P95, and P99 report the 1st, 5th, 95th, and 99th percentiles of each distribution,
respectively. All series are measured at the daily frequency over the sample period January 1, 2000 to December 31, 2024.

Data sources and variable definitions are described in the Data section.

Country-Level Equity Market Data

To assess tail geopolitical risk exposures and contributions across national mar-
kets, we use daily total return data for exchange-traded funds (ETFs) that track
major country-level equity indexes. These data were obtained from the Center for
Research in Security Prices (CRSP) accessed through the WRDS website. Exhibit 2
provides summary statistics for country-level ETF daily returns. The sample includes
44 countries, covering both advanced and emerging market economies across North
America, Europe, Asia-Pacific, Latin America, and the Middle East. ETFs are chosen to
ensure investability, transparency, and consistency in return measurement. Moreovetr,
the use of ETFs also enhances the practical relevance of the analysis because these
instruments are widely used by institutional investors for country allocation, portfolio
construction, risk management, and stress-testing exercises.

Returns are measured in US dollars, reflecting the perspective of a globally
diversified investor. Using ETF returns rather than headline equity indexes mitigates
issues related to data comparability, foreign exchange conversions, and noninvestable
benchmarks. The resulting cross section encompasses a wide range of geopolitical
exposures, institutional settings, and market structures. The broad geographic
coverage also allows the analysis to identify concentrations of geopolitical vulnerability
across regions and markets, providing insights relevant to portfolio managers,
chief risk officers, and financial stability practitioners.

US Sector-Level Equity Data

In addition to national markets, we examine sector-level exposure to geopolitical
tail risk within the United States. Sectoral analysis is conducted using daily total
returns on the 11 S&P 500 sector SPDR ETFs. These sectors capture the full spec-
trum of the US economy, including cyclical industries with global supply-chain exposure
and more defensive sectors with domestic orientation, such as utilities, consumer
staples, and health care. Exhibit 3 shows the summary statistics for ETF daily returns
for various sectors. As was the case before, data were obtained from the Center for
Research in Security Prices (CRSP) accessed through the WRDS website.
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EXHIBIT 2

Summary Statistics for Country-Level ETF Daily Returns

Ticker Country N Start Date End Date Mean Median  Std. Dev. Min Max P1 P5 P95 P99
AUS Australia 6,304 01042000 12312024 0.0004 0.0008 0.0094 -0.0933 0.0659 -0.0267 -0.0146 0.0135 0.0239
AUT Austria 6,196 01032000 12302024 0.0003 0.0008 0.0120 -0.1240 0.1145 -0.0359 -0.0177 0.0166 0.0306
BEL Belgium 6,386 01032000 12312024 0.0003 0.0005 0.0114 -0.1263 0.0856 -0.0323 -0.0178 0.0170 0.0303
BRA Brazil 6,134 01032000 12302024 0.0006 0.0008 0.0139 -0.1359 0.1151 -0.0358 -0.0210 0.0206 0.0354
EWC Canada 6,289 01032000 12312024 0.0004 0.0008 0.0141 -0.1332 0.1286 -0.0409 -0.0214 0.0208 0.0361
CHL Chile 5,625 02-282002 12302024 0.0004 0.0005 0.0087 -0.0976 0.1157 -0.0231 -0.0122 0.0127 0.0216
CHN China 6,055 01042000 12312024 0.0003 0.0005 0.0151 -0.0928 0.0986 -0.0480 -0.0229 0.0237 0.0405
coL Colombia 4,940 07-01-2004 12302024 0.0005 0.0007 0.0115 -0.1099 0.1274 -0.0320 -0.0170 0.0172 0.0298
DNK Denmark 6,223 01032000 12302024 0.0005 0.0009 0.0115 -0.1120 0.0842 -0.0313 -0.0179 0.0181 0.0288
EGX_30 Egypt 6,103 01022000 12-31-2024 0.0007 0.0008 0.0163 -0.1647 0.2016 -0.0450 -0.0254 0.0255 0.0442
FIN Finland 6,277 01032000 12302024 0.0002 0.0006 0.0168 -0.1692 0.1673 -0.0477 -0.0262 0.0249 0.0486
FRA France 6,372 01032000 12312024 0.0003 0.0007 0.0122 -0.1140 0.1016 -0.0341 -0.0189 0.0180 0.0319
DEU Germany 6,332 01032000 12302024 0.0002 0.0007 0.0118 -0.1095 0.0948 -0.0334 -0.0189 0.0179 0.0295
GRC Greece 5,826 07-022001 12-31-2024 0.0000 0.0006 0.0173 -0.1855 0.1460 -0.0522 -0.0271 0.0243 0.0471
HKG Hong Kong 6,092 01032000 12312024 0.0003 0.0006 0.0138 -0.1012 0.1142 -0.0391 -0.0210 0.0211 0.0378
HUN Hungary 6,236 01042000 12302024 0.0004 0.0005 0.0145 -0.1212 0.1433 -0.0384 -0.0217 0.0221 0.0391
IND India 6,193 01032000 12-31-2024 0.0006 0.0016 0.0135 -0.1188 0.1589 -0.0411 -0.0207 0.0192 0.0339
IDN Indonesia 6,072 01042000 12302024 0.0005 0.0010 0.0132 -0.1217 0.1080 -0.0392 -0.0201 0.0196 0.0339
IRL Ireland 6,335 01042000 1231-2024 0.0003 0.0008 0.0139 -0.1305 0.1065 -0.0407 -0.0214 0.0202 0.0371
EIS Israel 4,929 01032000 12312024 0.0003 0.0002 0.0136 -0.1217 0.1745 -0.0402 -0.0200 0.0198 0.0353
ITA Italy 6,325 01032000 12302024 0.0002 0.0007 0.0131 -0.1646 0.1053 -0.0388 -0.0206 0.0199 0.0327
JPN Japan 6,114 01042000 12302024 0.0002 0.0006 0.0129 -0.1184 0.1328 -0.0348 -0.0198 0.0192 0.0308
MYS Malaysia 6,139 01032000 12312024 0.0003 0.0004 0.0077 -0.0863 0.0631 -0.0221 -0.0112 0.0115 0.0213
MEX Mexico 6,214 01032000 12312024 0.0005 0.0006 0.0113 -0.0708 0.1062 -0.0329 -0.0168 0.0170 0.0321
NLD Netherlands 6,393 01032000 12312024 0.0003 0.0007 0.0130 -0.1000 0.1021 -0.0367 -0.0207 0.0197 0.0330
NZL New Zealand 6,169 01052000 12-31-2024 0.0003 0.0006 0.0069 -0.0813 0.0663 -0.0181 -0.0102 0.0104 0.0181
NOR Norway 6,244 01032000 12302024 0.0005 0.0008 0.0130 -0.0946 0.0964 -0.0375 -0.0200 0.0196 0.0317
EPU Peru 3,008 06232009 12312024 0.0003 0.0006 0.0144 -0.1378 0.1029 -0.0379 -0.0211 0.0226 0.0371
PHL Philippines 6,118 01032000 12-27-2024 0.0003 0.0006 0.0114 -0.1193 0.1712 -0.0311 -0.0162 0.0167 0.0280
POL Poland 6,254 01032000 12302024 0.0003 0.0003 0.0127 -0.1169 0.0728 -0.0346 -0.0193 0.0203 0.0343
PRT Portugal 6,375 01032000 1231-2024 0.0001 0.0005 0.0111 -0.1023 0.1118 -0.0311 -0.0175 0.0163 0.0269
QAT Qatar 2,685 05-022014 12312024 0.0001 0.0000 0.0122 -0.1286 0.0809 -0.0307 -0.0183 0.0186 0.0307
KSA Saudi Arabia 2,337 09182015 12-31-2024 0.0004 0.0005 0.0132 -0.1708 0.1602 -0.0338 -0.0175 0.0182 0.0325
SGP Singapore 6,259 01032000 12-31-2024 0.0002 0.0005 0.0099 -0.0880 0.0669 -0.0295 -0.0147 0.0146 0.0262
ZAF South Africa 5,628 06252002 12312024 0.0006 0.0008 0.0115 -0.0892 0.0644 -0.0303 -0.0178 0.0178 0.0319
KOR South Korea 6,164 01042000 12-30-2024 0.0003 0.0008 0.0145 -0.1198 0.1196 -0.0420 -0.0226 0.0213 0.0404
ESP Spain 6,355 01032000 12-31-2024 0.0003 0.0008 0.0128 -0.1335 0.1260 -0.0347 -0.0202 0.0190 0.0326
SWE Sweden 6,263 01032000 12-30-2024 0.0004 0.0008 0.0136 -0.1119 0.0909 -0.0376 -0.0219 0.0210 0.0371
CHE Switzerland 6,256  01-04-2000 12-30-2024 0.0002 0.0006 0.0104 -0.0867 0.1070 -0.0298 -0.0159 0.0151 0.0265
TWN Taiwan 6,142 01042000 12-31-2024 0.0004 0.0007 0.0130 -0.0951 0.0651 -0.0374 -0.0213 0.0197 0.0381
THA Thailand 6,096 01042000 12-30-2024 0.0003 0.0004 0.0113 -0.1505 0.1116 -0.0315 -0.0164 0.0169 0.0311
TUR Turkey 4,739 02202006 12-31-2024 0.0010 0.0014 0.0160 -0.1017 0.1666 -0.0456 -0.0243 0.0252 0.0405
GBR UK 6,311 01042000 12-31-2024 0.0002 0.0006 0.0105 -0.0944 0.0865 -0.0313 -0.0160 0.0158 0.0278
SPY USA 6,289 01032000 12-31-2024 0.0004 0.0007 0.0122 -0.1094 0.1452 -0.0342 -0.0191 0.0173 0.0335

NOTES: This exhibit reports summary statistics for the 44 country-level ETFs used in the analysis. Returns are measured at the

daily frequency. Columns (4) and (5) report the sample period available for each ETF, while P1, P5, P95, and P99 denote the 1st, 5th,
95th, and 99th percentiles of the return distribution, respectively. Although most ETFs span the full sample period (January 1, 2000
to December 31, 2024), sample availability varies across countries because of differences in ETF inception dates. Data are obtained

from the Center for Research in Security Prices (CRSP) through the WRDS platform. Definitions and data sources are discussed

in the Data section.

Sector-level data allow us to study how geopolitical risk propagates through dif-
ferent segments of the equity market and to distinguish between exposure and con-
tribution at an economically meaningful level. This dimension is particularly relevant
for asset allocation, risk budgeting, and sector rotation strategies employed by
institutional investors.
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EXHIBIT 3
Summary Statistics for US Sector ETF Daily Returns

Ticker Sector N Start Date End Date Mean Median  Std. Dev. Min Max P1 P5 P95 P99

XLC Communication 1,644 06-20-2018 12-31-2024 0.0005 0.0011 0.0146 -0.1128 0.0899 -0.0395 -0.0223 0.0213 0.0401
XLY Discretionary 6,289 01-03-2000 12-31-2024 0.0005 0.0009 0.0143 -0.1267 0.0978 -0.0389 -0.0221 0.0216 0.0394

XLE Energy 6,289 01-03-2000 12-31-2024 0.0005 0.0007 0.0183 -0.2014 0.1647 -0.0474 -0.0279 0.0275 0.0444
XLF Financial 6,289 01-03-2000 12-31-2024 0.0004 0.0006 0.0182 -0.1667 0.1640 -0.0507 -0.0251 0.0241 0.0528
XLV Health Care 6,289 01-03-2000 12-31-2024 0.0004 0.0006 0.0112 -0.0986 0.1205 -0.0304 -0.0172 0.0166 0.0287
XLI Industrial 6,289 01-03-2000 12-31-2024 0.0004 0.0008 0.0134 -0.1134 0.1265 -0.0375 -0.0206 0.0199 0.0363
XLB Materials 6,289 01-03-2000 12-31-2024 0.0004 0.0008 0.0150 -0.1241 0.1406 -0.0415 -0.0232 0.0230 0.0403
XLRE  Real Estate 2,322 10092015 12-31-2024 0.0004 0.0009 0.0132 -0.1600 0.0878 -0.0369 -0.0185 0.0185 0.0322
XLP Staples 6,289 01-03-2000 12-31-2024 0.0003 0.0005 0.0095 -0.0940 0.0851 -0.0268 -0.0139 0.0138 0.0234
XLK Technology 6,289 01-03-2000 12-31-2024 0.0004 0.0010 0.0162 -0.1381 0.1610 -0.0459 -0.0258 0.0241 0.0457
XLU Utilities 6,289 01-03-2000 12-31-2024 0.0004 0.0009 0.0122 -0.1136 0.1279 -0.0335 -0.0181 0.0170 0.0302
SPY USA 6,289 01-03-2000 12-31-2024 0.0004 0.0007 0.0122 -0.1094 0.1452 -0.0342 -0.0191 0.0173 0.0335

NOTES: This exhibit reports summary statistics for the 11 S&P 500 Sector SPDR ETFs used in the sector-level analysis.

Returns are measured at the daily frequency. Columns (4) and (5) report the sample period available for each ETF, while P1, P5, P95,
and P99 denote the 1st, 5th, 95th, and 99th percentiles of the return distribution, respectively. Data are obtained from the Center
for Research in Security Prices (CRSP) through the WRDS platform. Additional information on the Sector SPDR ETFs is available

from State Street Global Advisors at www.ssga.com/us/en/intermediary/capabilities/equities/sector-investing /select-sector-etfs.
Definitions and data sources are discussed in the Data section.

Sample Alignment

All return series are aligned with the geopolitical risk measures at the daily
frequency. Standard data filte s are applied to ensure consistency across assets
and over time. Missing observations, which arise primarily from differences in ETF
inception dates, are handled by restricting the analysis to periods with available data
for each asset.

The next section presents the empirical results on tail geopolitical risk exposure
and contribution, beginning with country-level evidence and followed by sector-level
analysis and event-based evaluation.

METHODOLOGY

Geopolitical risk affects financial markets through nonlinear and state-dependent
channels that are not well captured by traditional mean-based or volatility-based
approaches. Our methodology addresses two central challenges. First, widely used
measures of geopolitical and policy uncertainty capture related but distinct sources
of risk and exhibit unstable dependence over time. Second, the impact of geopolitical
risk on financial markets materializes primarily in extreme states rather than in average
outcomes. This distinction motivates our empirical framework, which is designed to
capture the idea that geopolitical risk is not priced in the mean but in the tail of the
return distribution.

To address these issues, we consolidate multiple uncertainty indicators into a single
factor using principal component analysis (PCA) and embed this factor within a tail-risk
framework based on a generalization of the CoVaR measure of Adrian and Brunnermeier
(2016). This approach allows us to quantify both tail geopolitical risk exposure (TGRE)
and tail geopolitical risk contribution (TGRC) across countries and sectors.

Consolidated Geopolitical Risk Measure

LetZ, = (Z,, Z,,, ..., Z,)’ denote a K x 1 vector of standardized geopolitical and
uncertainty measures observed at time t, including the Geopolitical Risk (GPR) Index,
the economic policy uncertainty (EPU) Index, and the VIX Index.


http://www.ssga.com/us/en/intermediary/capabilities/equities/sector-investing/select-sector-etfs
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These measures differ substantially in scope and construction: the GPR Index
isolates geopolitical tensions and conflict-related news; the EPU Index reflects
domestic policy uncertainty; and the VIX captures forward-looking market perceptions
of risk. So, before constructing the factor, we examine the dependence structure
among the underlying measures.

Exhibit 4 shows that correlations among these measures are moderate and vary
substantially across market regimes. Although all three indicators capture dimensions
of uncertainty, no single measure provides a complete representation of geopolitical
risk. This motivates the construction of a consolidated factor that extracts their
common information while reducing measurement noise.

We apply PCA to the covariance matrix of Z, and define the consolidated geopo-
litical risk factor as:

GEO, = ¢,Z, 1)

where ¢, denotes the eigenvector associated with the largest eigenvalue.

PCA extracts the common component shared across the uncertainty measures
and allows the analysis to focus on the market-relevant information that is present
across all indicators.

As shown in Exhibit 5, the first principal component (PC1) explains approximately
one-half of the total variation in the underlying uncertainty measures and remains
remarkably stable across subsamples. PC1, therefore, provides a parsimonious and
economically interpretable measure of market-relevant geopolitical risk. We use PC1

EXHIBIT 4

Correlations among Geopolitical and Uncertainty Measures across Sample Periods

Levels Percentage Changes
VIX GPR EPU VIX GPR

Full Sample Period: 01-01-2000 to 12-31-2024 (N = 6,307)
EPU 1 0.453 0.091 1 -0.016 -0.036
VIX 0.453 1 0.062 -0.016 1 0.057
GPR 0.091 0.062 1 -0.036 0.057 1
Pre-GFC Period: 01-01-2000 to 12-31-2006 (N = 1,758)
EPU 1 0.487 0.512 1 -0.045 -0.030
VIX 0.487 1 0.324 -0.045 1 0.053
GPR 0.512 0.324 1 -0.030 0.053 1
GFC Period: 01-01-2007 to 12-31-2011 (N = 1,260)
EPU 1 0.477 -0.153 1 -0.062 -0.057
VIX 0.477 1 -0.135 -0.062 1 0.034
GPR -0.153 -0.135 1 -0.057 0.034 1
Post-GFC Period: 01-01-2012 to 12-31-2018 (N = 1,760)
EPU 1 0.119 -0.109 1 0.014 -0.040
VIX 0.119 1 -0.087 0.014 1 0.070
GPR -0.109 -0.087 1 -0.04 0.07 1
COVID-19 Period: 01-01-2019 to 12-31-2024 (N = 1,529)
EPU 0.55 -0.133 1 0 -0.034
VIX 1 -0.022 0 1 0.060
GPR -0.022 1 -0.034 0.06 1

NOTES: This exhibit reports pairwise correlations among the Economic Policy Uncertainty (EPU), Geopolitical Risk (GPR), and CBOE VIX
indexes. Panel A presents correlations in levels, while Panel B presents correlations in daily percentage changes. Results are reported
for the full sample period (January 1, 2000 to December 31, 2024) and four nonoverlapping subperiods corresponding to the pre-GFC,
GFC, post-GFC, and COVID-19 eras. Definitions and data sources are provided in the Data section.
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Principal Component Structure of Geopolitical and Uncertainty Measures

Loadings Importance

PC1 PC2 PC3 PC1 PC2 PC3
Full Sample Period: 01-01-2000 to 12-31-2024 (N = 6,307)
EPU 0.693 -0.124 0.710 St. Dev. 1.216 0.988 0.738
VIX 0.686 -0.189 -0.702 Prop. Var. 0.493 0.325 0.181
GPR 0.221 0.974 -0.046 Cum. Prop. Var. 0.493 0.819 1
Pre-GFC Period: 01-01-2000 to 12-31-2006 (N = 1,758)
EPU 0.623 -0.040 -0.781 St. Dev. 1.374 0.823 0.660
VIX 0.546 0.737 0.398 Prop. Var. 0.629 0.226 0.145
GPR 0.560 -0.675 0.481 Cum. Prop. Var. 0.629 0.855 1
GFC Period: 01-01-2007 to 12-31-2011 (N = 1,260)
EPU 0.667 0.223 -0.711 St. Dev. 1.246 0.962 0.723
VIX 0.660 0.266 0.702 Prop. Var. 0.517 0.309 0.174
GPR -0.346 0.938 -0.030 Cum. Prop. Var. 0.517 0.826 1
Post-GFC Period: 01-01-2012 to 12-31-2018 (N = 1,760)
EPU -0.609 -0.105 -0.786 St. Dev. 1.100 0.956 0.935
VIX -0.571 -0.630 0.526 Prop. Var. 0.404 0.305 0.292
GPR 0.550 -0.769 -0.324 Cum. Prop. Var. 0.404 0.708 1
COVID-19 Period: 01-01-2019 to 12-31-2024 (N = 1,529)
EPU 0.704 -0.034 -0.710 St. Dev. 1.253 0.995 0.663
VIX 0.685 -0.234 0.690 Prop. Var. 0.524 0.330 0.146
GPR -0.190 -0.972 -0.141 Cum. Prop. Var. 0.523 0.854 1

NOTES: This exhibit summarizes the principal component analysis (PCA) of the Economic Policy Uncertainty (EPU), Geopolitical Risk
(GPR), and CBOE VIX indexes. Results are reported for the full sample period (January 1, 2000 to December 31, 2024) and four
nonoverlapping subperiods corresponding to the pre-GFC, GFC, post-GFC, and COVID-19 eras. Panel A reports the loadings of each
uncertainty measure on the first three principal components (PC1-PC3). Panel B reports the standard deviation of each principal
component, the proportion of total variation explained by each component, and the cumulative proportion of explained variation.
EPU, GPR, and VIX denote the Economic Policy Uncertainty Index, Geopolitical Risk Index, and CBOE Volatility Index, respectively.
Definitions and data sources are provided in the Data section.

as our baseline specification throughout the article and later assess robustness by
incorporating additional principal components.

Tail Geopolitical Risk Exposure and Contribution

Having constructed the consolidated geopolitical risk factor, we next examine
how extreme realizations of geopolitical risk affect the downside risk of country and
sector equity returns.

Let R,, denote the return on asset i at time t. For a given return quantile g € (0,1)
and geopolitical risk state oo € (0,1), we define the Exposure Conditional Value-at-Risk
(ECoVaR) as:

ECovaR{ (o) = Q,(R,,| GEO,= Q,(GEO,)) (2
where Q, () denotes the g-quantile of the conditional return distribution.
Tail geopolitical risk exposure (TGRE) measures the increase in downside risk

when geopolitical conditions move from a normal state to a stressed state:

TGRE?(01) = AECoVaR? (o) = ECoVaR?,(GEO, = Q,) —~ECoVaR(GEQ, = Qy5,)  (3)
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TGRE, therefore, quantifies the vulnerability of a country or sector to extreme
geopolitical shocks. Larger negative values indicate greater sensitivity to geopolitical
stress.

While TGRE captures vulnerability, it does not reveal whether a market acts as a
source of geopolitical risk transmission. To measure systemic importance, we reverse
the conditioning structure and define the Contribution Conditional Value-at-Risk
(CCoVaR):

CCoVaRy,(q) = Q,(GEO,| R, = Q,(R;,)) 4)
Tail geopolitical risk contribution (TGRC) is then defined as
TGRC/,(a1) = ACCoVaRY,(q) = CCoVaR’,(R,, = Q,) — CCoVaR/,(R,, = Qy5,) )

TGRC identifies markets or sectors whose extreme losses contribute dispro-
portionately to aggregate geopolitical tail risk. Larger TGRC values indicate greater
amplification or transmission potential.

In short, whereas TGRE measures vulnerability, TGRC measures systemic
amplification. This distinction is important for risk management. A country may be
highly exposed to geopolitical stress but contribute little to the propagation of risk.
Conversely, a market with moderate exposure may act as a significant transmitter
of geopolitical shocks. From a practical perspective, the resulting measures allow
investors, risk managers, and policymakers to distinguish between markets that
are vulnerable to geopolitical shocks and markets that serve as channels for the
transmission of geopolitical stress.

Our framework is closely related to the systemic tail-risk literature. CoVaR (Adrian
and Brunnermeier 2016) measures tail spillovers across financial institutions, while
CoMargin (Cruz-Lopez et al. 2017) extends the analysis to funding and liquidity condi-
tions. Similarly, Acharya et al. (2017) emphasize that systemic risk emerges through
the joint realization of extreme outcomes. We extend these ideas to geopolitical risk
by measuring both vulnerability to and transmission of geopolitical tail events.

Empirical Implementation

All conditional quantiles are estimated using quantile regressions. The analysis
focuses on the lower tail of asset returns (q = 5%) and the upper tail of geopolitical risk
(o =95%), corresponding to periods of severe market stress and elevated geopolitical
uncertainty.

To capture evolving market sensitivities, TGRE and TGRC are estimated dynamically
using rolling windows of daily data. This approach allows the measures to adapt
to changing market conditions and geopolitical regimes while remaining directly
applicable to real-time risk monitoring.

Together, the PCA-based factor and the TGRE/TGRC measures provide an
integrated framework for assessing how geopolitical shocks affect financial markets,
identifying both the markets most vulnerable to geopolitical stress and those that
play the largest role in propagating it.

EMPIRICAL RESULTS

This section presents the empirical estimates of TGRE and TGRC for our sample of
countries and US equity sectors. All estimates are based on daily data, allowing us to
capture high-frequency market responses to geopolitical developments and to measure
tail outcomes with greater precision. We begin with country-level evidence, examining
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both vulnerability to geopolitical stress (TGRE) and contribution to the transmission of
geopolitical risk (TGRC) across global equity markets. We then investigate the robust-
ness and time variation of these measures before turning to sector-level results.
The section concludes with event-based evaluations of the Russia—Ukraine conflict and
the October 7, 2023, attacks in Israel. Throughout the analysis, particular attention is
given to the distinction between geopolitical vulnerability and geopolitical transmission,
as well as to the broader question of whether geopolitical risk influences financial
markets primarily through tail realizations rather than through average return dynamics.

Country-Level Tail Geopolitical Risk Exposure

We first examine TGRE across 44 national equity markets over the full sample
period. For each country, we estimate the change in downside risk associated with an
extreme realization of the consolidated geopolitical risk factor relative to its median
state. This measure captures how much more severe equity losses become when
geopolitical conditions deteriorate sharply.

Panel A of Exhibit 6 presents full-sample estimates of TGRE across countries.
The results reveal substantial cross-country heterogeneity. For several markets,
TGRE is large and economically meaningful, substantially exceeding unconditional
downside risk measured by standard Value-at-Risk (see Exhibit 7). Countries with
greater exposure to international trade, cross-border capital flows, energy markets,
or regions affected by persistent geopolitical tensions generally exhibit the largest
increases in downside risk during periods of geopolitical stress. By contrast, more
insulated or domestically oriented markets exhibit comparatively lower sensitivity.

Two findings stand out. First, tail exposure is not monotonic in market size or
level of development. Both advanced and emerging economies appear among the
most exposed markets, suggesting that geopolitical vulnerability depends more on
economic structure, geographic location, and external linkages than on income level
alone. Second, the ranking of countries by tail exposure differs substantially from
rankings based on volatility or average-return sensitivity. This result reinforces the
central premise of the article: Geopolitical risk primarily manifests in the tails of the
return distribution rather than in its central moments. In other words, geopolitical
risk is not priced in the mean; it is priced in the tail.

An additional insight emerges from comparing exposure estimates across countries.
Exhibit 7 shows that markets characterized by similar unconditional risk profiles
often exhibit markedly different geopolitical tail exposures. This finding suggests that
traditional risk metrics may obscure important differences in geopolitical vulnerability,
particularly during periods of market stress. Consequently, TGRE provides information
that is complementary to conventional measures of volatility and market risk.

From a practical perspective, the results suggest that geopolitical vulnerability is
not uniformly distributed across global equity markets. Countries exhibiting elevated
TGRE scores may warrant closer monitoring during periods of rising geopolitical
tensions because they are more susceptible to adverse downside outcomes. From
an asset allocation perspective, these markets represent potential concentrations
of geopolitical tail risk and may, therefore, require enhanced risk controls, stress
testing, or position limits during periods of heightened uncertainty.

Robustness to PCA Specification

Our baseline analysis relies on the first principal component of the underlying
geopolitical and uncertainty measures. To assess robustness, we reestimate tail
geopolitical risk exposure using a specification that incorporates both the first and
second principal components.
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EXHIBIT 6
Geopolitical Vulnerability and Risk Transmission across Country Equity Markets (full sample)

Panel A: Tail Geopolitical Risk Exposure (TGRE)
Risk levels 5% PC1 all_pca

Delta CoVaR at 5%
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NOTES: This exhibit reports full-sample estimates of tail geopolitical risk exposure (TGRE) and tail geopolitical risk contribution (TGRC)
for 44 national equity markets. Panel A presents TGRE estimates, which measure the increase in downside market risk associated
with an extreme realization of the geopolitical risk factor relative to its median state and capture each country’s vulnerability to
geopolitical tail events. Panel B presents TGRC estimates, which measure each country’s contribution to aggregate geopolitical

tail risk and capture its role in transmitting geopolitical stress throughout the global financial system. Larger absolute values

indicate greater geopolitical vulnerability in Panel A and greater geopolitical risk transmission in Panel B. TGRE and TGRC

are defined in Equations 3 and 5, respectively.
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EXHIBIT 7
Sensitivity of Country-Level Tail Geopolitical Risk Exposure to Alternative PCA Specifications

Panel A: Unconditional VaR and Exposure CoVaR (ECoVaR) under Median Geopolitical Conditions
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NOTES: This exhibit compares country-level estimates obtained using alternative specifications of the consolidated geopolitical risk
factor. The baseline specification uses the first principal component (PC1) of the underlying geopolitical and uncertainty indicators,
while the alternative specification uses the first two principal components (PC1 and PC2). Panel A reports unconditional Value-at-Risk
estimates under median geopolitical conditions, Panel B reports Value-at-Risk estimates under tail geopolitical conditions,

and Panel C reports the resulting tail geopolitical risk exposure (TGRE) estimates. Consistent estimates across specifications
indicate that the proposed measure is robust to the choice of PCA factor construction. TGRE is defined in Equation 3.
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Exhibit 7 compares the estimated exposure measures across alternative factor
specifications. Panel A presents unconditional Value-at-Risk and median-state
exposure estimates, Panel B reports exposure estimates under stressed geopolitical
conditions, and Panel C presents the resulting TGRE measures.

Several conclusions emerge. First, incorporating the second principal component
affects the magnitude of TGRE for some countries but does not materially alter
the overall cross-sectional ranking. Countries identified as highly exposed under
the baseline specification generally remain among the most vulnerable markets
when the additional factor is included. Similarly, countries exhibiting relatively low
geopolitical vulnerability continue to occupy the lower end of the ranking distribution.

Second, the economic interpretation of the results remains unchanged. Under
both specifications, exposure rises significantly when geopolitical conditions transition
from their median state to periods of elevated stress, confirming the importance of
tail outcomes for understanding geopolitical risk. The consistency of the rankings
suggests that the dominant geopolitical signal is captured by the first principal
component and that the additional information contained in subsequent components
is comparatively limited from a risk management perspective.

Third, the robustness results highlight the practical advantages of the proposed
framework. Because the first principal component captures the majority of the common
variation among the underlying uncertainty measures, a parsimonious implementation
based solely on PC1 appears sufficient to identify the countries most vulnerable to
geopolitical tail events. This reduces complexity while preserving the ability to detect
meaningful differences in geopolitical exposure across markets.

Overall, the results indicate that the empirical findings are not sensitive to the
specific PCA specification employed. The principal conclusions regarding geopolitical
vulnerability, country rankings, and the importance of tail outcomes remain intact
across alternative factor constructions.

Time Variation in Country-Level Exposure

We next investigate how tail geopolitical risk exposure evolves over time by
estimating TGRE across major economic and geopolitical regimes. Specifically, we
consider four subperiods: the pre-GFC period, the global financial crisis (GFC), the
post-GFC period, and the COVID-19 period. This analysis helps determine whether
geopolitical vulnerability is a stable characteristic of financial markets or a time-varying
phenomenon that evolves with the broader risk environment.

Exhibit 8 reveals pronounced variation in geopolitical vulnerability across both
countries and regimes. During the pre-GFC period, exposure levels are generally
moderate and relatively concentrated in specific regions. The relatively limited exposure
observed during this period is consistent with the comparatively stable macrofinancial
environment that prevailed before the onset of the global financial crisis.

Exposure increases materially during the GFC period. Although the crisis itself
was not geopolitical in origin, the results indicate that geopolitical tail risk becomes
more consequential when broader financial vulnerabilities are elevated. This finding
suggests that geopolitical shocks and financial fragility may interact, resulting in
amplified downside risks during periods of systemic stress.

The post-GFC period exhibits a more heterogeneous pattern. For some countries,
exposure declines relative to the crisis period, while other markets continue to display
elevated sensitivity to geopolitical stress. These differences indicate that geopolitical
vulnerability is influenced by evolving structural factors, including trade integration,
energy dependence, geopolitical positioning, and the degree of participation in global
financial markets.
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EXHIBIT 8
Country-Level Tail Geopolitical Risk Exposure (TGRE) across Time Periods

Pre-GFC Period: 01-01-2000 to 12-31-2006 GFC Period: 01-01-2007 to 12-31-2011

Deta CoVaR at 5%

o0

Post-GFC Period: 01-01-2012 to 12-31-2018

NOTES: The heatmaps report country-level estimates of tail geopolitical risk exposure (TGRE) across four sample periods: the pre-GFC
period, the global financial crisis (GFC), the post-GFC period, and the COVID-19 period. TGRE measures the increase in downside
market risk associated with an extreme realization of the geopolitical risk factor relative to its median state and captures each
country’s vulnerability to geopolitical tail events. Darker colors indicate higher absolute values and, therefore, greater geopolitical
vulnerability. TGRE is defined in Equation 3.

The COVID-19 period is characterized by another broad increase in exposure.
Tail geopolitical risk rises across many countries despite the fact that the pandemic
was primarily a public health event rather than a geopolitical shock. This result further
supports the view that geopolitical vulnerability is closely linked to broader market
fragility. When uncertainty becomes elevated and markets experience stress, geopolitical
tail risks become increasingly important determinants of downside market outcomes.

Importantly, some countries display persistently elevated exposure across all
four subperiods, suggesting the existence of structural geopolitical vulnerabilities
that remain relevant across changing market environments. Other countries exhibit
episodic exposure that intensifies only under specific economic or geopolitical
conditions. This distinction is important for investors and risk managers because
it implies that geopolitical vulnerability can arise from both structural and cyclical
sources.

From a portfolio management perspective, the time-varying nature of TGRE
highlights the importance of continuously monitoring geopolitical risk rather than
relying on static assessments of country exposures. The results suggest that geopo-
litical vulnerability can evolve significantly across regimes and that effective stress
testing and scenario analysis should explicitly account for these changing conditions.
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Country-Level Tail Geopolitical Risk Contribution

While TGRE identifies vulnerability to geopolitical stress, TGRC captures a
fundamentally different dimension of risk by measuring the extent to which extreme
losses in a market contribute to the propagation of geopolitical shocks throughout
the broader financial system. Panel B of Exhibit 6 shows the TGRC for our sample of
countries over the entire sample period. Countries with elevated TGRC scores may
represent important transmission channels through which localized geopolitical events
generate wider market consequences on average. Monitoring these markets may be
particularly relevant for risk managers, regulators, and policymakers concerned with
systemic resilience and financial stability.

Exhibit 9 shows country-level TGRC during and after the global financial crisis, and
the years spanning the COVID-19 pandemic. The results reveal substantial variation
in TGRC across both countries and time periods. The results indicate that geopo-
litical risk transmission is highly regime dependent. During the pre-GFC period, the
contribution of geopolitical risk appears concentrated in a relatively small number
of Asian countries, with several regions exhibiting only limited systemic importance.

EXHIBIT 9
Country-Level Tail Geopolitical Risk Contribution (TGRC) across Time Periods

Pre-GFC Period: 01-01-2000 to 12-31-2006 GFC Period: 01-01-2007 to 12-31-2011
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NOTES: The heatmaps report country-level estimates of tail geopolitical risk contribution (TGRC) across four sample periods: the
pre-GFC period, the global financial crisis (GFC), the post-GFC period, and the COVID-19 period. TGRC measures the contribution
of individual equity markets to aggregate geopolitical tail risk and captures their role in transmitting geopolitical stress throughout
the global financial system. Darker colors indicate higher values and, therefore, greater geopolitical risk contribution.

TGRC is defined in Equation 5.
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By contrast, during the global financial crisis, TGRC becomes both larger and more
broadly distributed across markets, suggesting that periods of heightened financial
fragility increase the capacity of localized shocks to generate systemwide effects.
This finding is consistent with the broader systemic-risk literature, which argues that
interdependencies become more important precisely when financial systems are
under stress.

An equally important result is that countries exhibiting elevated TGRC are not
always the same countries identified as having elevated TGRE. Comparison of
Exhibits 8 and 9 suggests that vulnerability and transmission represent distinct dimen-
sions of geopolitical risk. Some markets appear highly exposed to geopolitical shocks
but contribute relatively little to the propagation of those shocks. Others exhibit more
moderate exposure while playing a disproportionately important role in transmitting
geopolitical stress across markets. This distinction reinforces the importance of
separately measuring geopolitical vulnerability and systemic importance.

The post-GFC period further highlights the time-varying nature of geopolitical
risk transmission. Relative to the GFC period, contribution patterns become more
heterogeneous and, in several regions, considerably weaker. This suggests that
geopolitical transmission channels evolve over time as financial integration, trade
linkages, and geopolitical relationships change. During the COVID-19 period, TGRC
increases again for a number of countries, indicating that periods characterized by
elevated uncertainty and market stress can reinforce the transmission of geopolitical
shocks throughout the global financial system.

From a practical perspective, these findings have important implications for risk
monitoring and financial stability analysis. While TGRE identifies markets that may
experience the largest losses during periods of geopolitical stress, TGRC identifies
markets that may contribute disproportionately to the amplification of geopolitical
shocks. Monitoring both dimensions is, therefore, essential for investors, chief risk
officers, regulators, and policymakers seeking to assess not only where geopolitical
vulnerabilities reside, but also how geopolitical stress may be transmitted throughout
the broader financial system.

Sector-Level Tail Geopolitical Risk Exposure

We turn next to sector-level results using daily returns on US sector ETFs. Sectoral
analysis provides insight into how geopolitical risk propagates within equity markets
and allows us to distinguish between industries that are particularly vulnerable
to geopolitical shocks and those that are more resilient. Because sectors differ
substantially in their exposure to international trade, global supply chains, energy
markets, and cross-border capital flows, they provide a useful laboratory for examin-
ing the economic channels through which geopolitical risk affects financial markets.

Panel A of Exhibit 10 presents the estimated tail geopolitical risk exposure (TGRE)
for the 11 S&P 500 sectors. The results reveal substantial heterogeneity across
industries.

The highest levels of exposure are generally observed among cyclical and globally
integrated sectors, including financials, technology, consumer discretionary, energy,
industrials, and materials. These sectors exhibit the largest increases in downside
risk when geopolitical conditions deteriorate sharply, reflecting their greater sensitivity
to disruptions in global trade, international production networks, commodity markets,
and cross-border financing conditions.

By contrast, more defensive sectors with stronger domestic demand
characteristics, including consumer staples, utilities, and health care, display
substantially lower geopolitical tail exposure. These sectors tend to be less
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EXHIBIT 10
Sector-Level Tail Geopolitical Risk Exposure and Contribution

Panel A: Tail Geopolitical Risk Exposure (TGRE)
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NOTES: This exhibit reports estimates of tail geopolitical risk exposure (TGRE) and tail geopolitical risk contribution (TGRC) for 11

US equity sectors based on daily ETF returns. Panel A presents TGRE estimates, which measure the increase in sector downside risk
associated with an extreme realization of the geopolitical risk factor relative to its median state. Panel B presents TGRC estimates,
which measure each sector’s contribution to aggregate geopolitical tail risk and the transmission of geopolitical stress throughout
the financial system. Larger absolute values indicate greater geopolitical vulnerability in Panel A and greater systemic importance

in Panel B. TGRE and TGRC are defined in Equations 3 and 5, respectively.

dependent on international economic activity and often benefit from more stable
demand patterns during periods of market stress. Their relatively muted TGRE val-
ues suggest greater resilience to geopolitical disruptions compared with their more
globally exposed counterparts.

The sector-level evidence reinforces an important theme that has emerged
throughout the article. Geopolitical risk does not affect all assets equally, nor is its
impact adequately captured by average-return behavior. The substantial differences
in TGRE across sectors indicate that geopolitical vulnerability depends on underly-
ing economic linkages and becomes particularly relevant during periods of stress.
As was the case with the country-level analysis, the results support the view that
geopolitical risk is primarily a tail phenomenon rather than a driver of average market
performance.

From a practical perspective, these findings suggest that geopolitical risk can be
managed not only through geographic diversification but also through sector allocation
decisions. Monitoring sector-level TGRE may help investors identify concentrations
of geopolitical vulnerability within portfolios and improve stress-testing exercises
designed to evaluate performance under adverse geopolitical scenarios.
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Sector-Level Tail Geopolitical Risk Contribution

Exposure alone does not capture the full systemic role of sectors in the propagation
of geopolitical risk. We, therefore, examine tail geopolitical risk contribution (TGRC),
which measures the extent to which extreme negative sector returns contribute to
aggregate geopolitical tail risk.

Panel B of Exhibit 10 presents the estimated TGRC measures for the 11 sectors.
The results reveal a pattern that differs notably from the exposure estimates shown
in Panel A.

Several sectors that exhibit relatively elevated geopolitical exposure also contribute
significantly to the transmission of geopolitical stress. In particular, industries with
strong connections to commodity markets, production networks, and financial inter-
mediation appear to play an important role in propagating shocks throughout the
broader economy. When these sectors experience severe losses, geopolitical stress
becomes more likely to spill over into other parts of the market.

More importantly, the results demonstrate that exposure and contribution
are distinct concepts. Some sectors display relatively moderate exposure while
contributing disproportionately to aggregate geopolitical tail risk. Conversely, certain
sectors that are highly vulnerable to geopolitical shocks contribute comparatively little
to broader risk transmission. These findings suggest that sectors may serve different
functions during periods of geopolitical stress: Some primarily absorb shocks, while
others amplify and disseminate those shocks throughout the financial system.

The difference between vulnerability and transmission is particularly relevant
from a systemic-risk perspective. Investors concerned primarily with downside
performance may focus on sectors characterized by elevated TGRE, while investors,
regulators, and risk managers concerned with broader market resilience may be
more interested in sectors exhibiting elevated TGRC. The latter represent potential
transmission channels through which localized geopolitical disruptions evolve into
broader marketwide events.

The sector-level contribution results also complement the country-level analysis.
Together, they indicate that geopolitical risk transmission operates through both
geographic and economic channels. While national markets determine where
geopolitical stress is concentrated, sector-level contributions provide insight into how
that stress moves across the broader financial system. Monitoring both dimensions,
therefore, provides a more comprehensive view of geopolitical risk propagation than
either perspective alone.

From a portfolio management perspective, these findings suggest that geopolitical
risk can be managed not only through geographic diversification but also through
targeted sector allocation, risk budgeting, and concentration limits. Monitoring
sector-level TGRE and TGRC may, therefore, help investors identify vulnerabilities and
transmission channels that would not be apparent from country-level analysis alone.

Event-Based Evaluation

To assess the economic and practical relevance of the TGRE measure, we conduct
two event-based case studies centered on major geopolitical shocks: the Russia—
Ukraine conflict and the October 7, 2023, attacks in Israel. The objective is to eval-
uate whether ex ante TGRE predicts ex post realized losses during periods of abrupt
geopolitical stress.

For both events, we implement a consistent empirical design. First, we identify
the onset of the geopolitical shock. Second, we estimate TGRE for each asset using
an estimation window that ends prior to the event, ensuring that exposure measures
are strictly ex ante. Third, we compute realized cumulative returns for each asset
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over a fixed post-event horizon. Finally, we examine the relationship between realized
returns and predicted exposure using cross-sectional regressions.

The Russia-Ukraine Conflict

We begin with the Russia—Ukraine conflict, with February 24, 2022, the date
Russia invaded Ukraine, marking the event date. For each country and sector ETF,
TGRE is estimated using a 100-day window ending 10 days prior to the outbreak of
the conflict, and realized cumulative returns are measured over the first two weeks
following the invasion.

The results presented in Panel A of Exhibit 11 reveal a strong and economically
meaningful relationship between ex ante TGRE and ex post realized returns at both
the country and sector levels. Markets and sectors identified as highly exposed
to geopolitical tail risk prior to the conflict experienced significantly larger draw-
downs once tensions escalated. This relationship is both economically large and

EXHIBIT 11
Geopolitical Risk Exposure and Post-Event ETF Returns: Evidence from Russia’s Invasion of Ukraine

Panel A: Predicting Post-Event Returns Using Tail Geopolitical Risk Exposure (TGRE)
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NOTES: This exhibit compares the ability of alternative measures of geopolitical risk exposure to explain cross-sectional differences

in ETF performance following Russia’s invasion of Ukraine on February 24, 2022. Panel A uses the tail geopolitical risk exposure
measure (TGRE), whereas Panel B uses a median-state exposure measure. Exposure estimates are obtained from a 100-day
estimation window ending 10 days before the event. The dependent variable is the cumulative ETF return over the subsequent
two-week period. Regressions are estimated across countries or sectors. TGRE is defined in Equation 3. Double asterisks (**) indicate
significance at the 1% level; t-statistics are reported in parentheses.
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statistically significant, indicating that TGRE captures relevant cross-sectional
variation in vulnerability to geopolitical shocks. In practical terms, this means that
investors with elevated exposure to high TGRE countries and sectors were more
vulnerable to the shock. The results suggest that TGRE may serve as an ex ante
indicator of geopolitical vulnerability and could be incorporated into country allocation
and stress-testing frameworks.

Importantly, when we replace TGRE with median-based exposure measures in
Panel B of Exhibit 11, the predictive relationship disappears. The contrast between
tail-based and median-based measures provides direct evidence for the article’s
central argument. Markets do not appear to price geopolitical risk consistently in
average returns, yet they react strongly when geopolitical shocks occur and downside
outcomes become relevant.

Importantly, from a practical perspective, the Russia—Ukraine conflict illus-
trates how geopolitical risk can evolve from a localized political event into a global
macrofinancial shock. The results suggest that TGRE contains economically meaning-
ful information regarding future geopolitical vulnerability and may, therefore, serve as
a valuable input for portfolio stress testing, scenario analysis, and country allocation
decisions. Investors with concentrated exposure to markets characterized by elevated
TGRE would have been more vulnerable to the adverse market effects associated
with the conflict.

The October 7 Attacks

We next consider the October 7, 2023, attacks in Israel and the subsequent
geopolitical escalation in the region. The same empirical framework is applied, with
TGRE estimated prior to the event and realized returns measured over the immediate
post-event period.

The results in Panel A of Exhibit 12 show a markedly different pattern compared
with the Russia—Ukraine episode. At the country level, we again observe a positive
relationship between ex ante TGRE and realized losses, indicating that TGRE remains
a meaningful predictor of downside outcomes in international markets. However, the
magnitude of this relationship is less significant than in the Russia—Ukraine case,
and the explanatory power is more limited.

At the sector level, the relationship largely disappears. Ex ante TGRE shows
little cross-sectional variation across US sectors prior to the event, and there is no
statistically meaningful association with realized returns in the post-event window.
This suggests that, in contrast to the Russia—Ukraine conflict, the October 7 attacks
had (at least initially) limited systemic impact on US equity markets, with immediate
effects tending to be more localized and geographically concentrated.

Further inspection indicates that the initial impact of this event is primarily borne
by countries with stronger geopolitical, economic, or financial ties to the Middle East.
In this sense, the beginning of the October 7 episode can be characterized as a
more regionally contained shock, in contrast to the globally disruptive nature of the
Russia—Ukraine confl ct.

As in the previous case, median-based exposure measures fail to exhibit any
predictive power, underscoring once again that tail-based measures are essential
for capturing the financial impact of geopolitical shocks.

The October 7 attacks provide a useful complement to the Russia—Ukraine case
because they highlight that not all geopolitical events produce the same degree of
global financial disruption. The results demonstrate that the proposed framework
can help distinguish between localized geopolitical shocks and events with broader
systemic implications. This distinction is particularly relevant for investors and risk
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EXHIBIT 12
Geopolitical Risk Exposure and Post-Event ETF Returns: Evidence from the October 7, 2023, Hamas Attack on Israel

Panel A: Predicting Post-Event Returns Using Tail Geopolitical Risk Exposure (TGRE)
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in ETF performance following the October 7, 2023, Hamas attack on Israel. Panel A uses the tail geopolitical risk exposure measure
(TGRE), whereas Panel B uses a median-state exposure measure. Exposure estimates are obtained from a 100-day estimation window
ending 10 days before the event. The dependent variable is the cumulative ETF return over the subsequent two weeks. Regressions
are estimated across countries or sectors. TGRE is defined in Equation 3. Double asterisks (**) indicate significance at the 1% level;
t-statistics are reported in parentheses.

managers because it can inform the scale and urgency of portfolio responses under
different geopolitical scenarios.

Interpretation of Event-Study Results and Forecasting Power

The two case studies highlight an important distinction: While TGRE consistently
identifies vulnerable markets, the extent to which geopolitical shocks translate into
realized losses depends on whether the event is global or regional in nature. Global
shocks, such as the Russia—Ukraine conflict, generate broad and systemic tail effects
across both countries and sectors, whereas more localized shocks, such as the initial
effects of the October 7 attacks, produce more heterogeneous and geographically
concentrated outcomes.

The event-study evidence also underscores the practical value of TGRE as a
forward-looking indicator of market vulnerability. In both episodes, TGRE rose mate-
rially in the days and weeks preceding the events, signaling elevated downside risk
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well before losses were realized. Traditional measures such as implied volatility
or unconditional Value-at-Risk showed limited movement over the same horizon,
highlighting the sensitivity of the consolidated geopolitical risk factor to emerging
geopolitical tension. This early rise in TGRE enables practitioners to detect stress
conditions even when market prices remain relatively stable.

From a forecasting perspective, elevated TGRE levels correspond to periods
when markets are more likely to experience large negative returns following
geopolitical shocks. This makes TGRE a useful tool for stress testing, scenario calibra-
tion, and risk-budgeting decisions. By incorporating TGRE into monitoring frameworks,
portfolio managers and risk officers can identify vulnerable markets, adjust expo-
sures, and prepare for potential spillovers before geopolitical events fully materialize
in asset prices.

In a broader sense, the results demonstrate that consolidating geopolitical risk
information and focusing explicitly on tail outcomes yields economically meaningful
insights that are largely absent from average-return analyses. Investors who focus
exclusively on average-return behavior are likely to underestimate the true financial
consequences of geopolitical risk. These findings reinforce the value of the pro-
posed framework for practical assessment of geopolitical risk, stress testing, and
scenario design.

In addition, the country-level, sector-level, and event-study evidence taken together
suggests that geopolitical risk is not only heterogeneous across markets but also
fundamentally asymmetric in its effects. Some countries and sectors are primarily
vulnerable to geopolitical shocks, while others play a larger role in transmitting those
shocks throughout the financial system. This distinction highlights the value of sep-
arately measuring exposure and contribution when evaluating geopolitical tail risk.

Portfolio and Risk Management Applications

The empirical findings have important implications for portfolio management, risk
oversight, and financial stability analysis. While traditional geopolitical risk measures
provide information about the level of uncertainty, the proposed TGRE and TGRC
measures offer a framework for identifying where geopolitical risk is concentrated
and how it may propagate through financial markets. This distinction is particularly
relevant because countries and sectors that are highly vulnerable to geopolitical
shocks are not necessarily the same countries and sectors that contribute most to
the transmission of geopolitical stress.

For institutional investors, TGRE may serve as a useful input into portfolio
construction and asset allocation decisions. Countries and sectors with elevated
TGRE scores may be more susceptible to adverse performance during periods of
geopolitical stress and, therefore, represent potential concentrations of downside risk.
Portfolio managers may incorporate TGRE into country selection, sector allocation,
portfolio monitoring, and geopolitical scenario analysis to assess vulnerability under
alternative geopolitical environments. Conversely, lower TGRE markets may provide
greater resilience during periods of elevated geopolitical uncertainty.

From a risk management perspective, TGRE can complement traditional market-
risk measures by capturing vulnerabilities that may not be apparent through volatility,
beta, or expected-return estimates alone. Because geopolitical shocks often mate-
rialize through extreme downside outcomes, monitoring TGRE can help investors
identify latent exposures that become relevant only during periods of market stress.
As a result, TGRE may be particularly useful in stress-testing exercises designed to
evaluate portfolio resilience under adverse geopolitical scenarios.

TGRC provides a complementary perspective by identifying countries and sectors
that play a disproportionate role in amplifying and transmitting geopolitical stress
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throughout the broader financial system. Markets with elevated TGRC may be viewed
as potential transmission channels through which localized geopolitical disruptions
become systemwide events. From an investment perspective, this information can
improve the design of risk-budgeting frameworks and concentration limits by identifying
positions that contribute disproportionately to portfoliowide geopolitical risk.

The distinction between vulnerability and transmission is also relevant for chief
risk officers, regulators, and policymakers. Markets characterized by high TGRE
may warrant enhanced monitoring because of their susceptibility to geopolitical
disruptions, while markets characterized by high TGRC may merit particular attention
because of their potential role in propagating shocks across jurisdictions and sectors.
Consequently, the framework can contribute to broader assessments of institutional
resilience, systemic vulnerability, and financial stability.

More generally, the results suggest that geopolitical risk should be viewed as a
distinct source of tail risk rather than merely another dimension of market volatility.
By providing separate measures of geopolitical vulnerability and geopolitical transmis-
sion, the proposed framework enables investors, risk managers, and policymakers to
move beyond measuring geopolitical uncertainty and toward quantifying its potential
consequences for portfolios, institutions, and the financial system as a whole.

CONCLUSION: GEOPOLITICAL RISK IN THE TAIL

This article develops a unified framework for measuring and monitoring geopolitical
tail risk across financial markets. By combining information from multiple geopolitical
and uncertainty indicators into a consolidated geopolitical risk factor and generalizing
tail-risk methodologies from the systemic-risk literature, the analysis introduces two
complementary measures: tail geopolitical risk exposure (TGRE) and tail geopolitical
risk contribution (TGRC). The empirical results reveal substantial heterogeneity across
countries and sectors in both vulnerability to geopolitical shocks and their contribution
to the transmission of geopolitical stress throughout the financial system. The event-
study evidence further demonstrates that these measures contain economically mean-
ingful information regarding realized losses during major geopolitical events, including
the Russia—Ukraine conflict and the October 7, 2023, attacks in Israel.

A central finding of the article is that geopolitical risk is not systematically priced
in average returns during normal market conditions. However, this apparent absence
of pricing masks economically important effects that emerge during periods of severe
geopolitical stress. Put differently, geopolitical risk is not priced in the mean; it is
priced in the tail. The results suggest that conventional approaches based on average
returns, volatility, or broad measures of uncertainty may underestimate the true
financial significance of geopolitical risk because they fail to capture the asymmetric
and state-dependent nature of its impact on financial markets.

The distinction between geopolitical vulnerability and geopolitical transmission
has important implications for portfolio management. TGRE provides investors with
a quantitative measure of susceptibility to geopolitical shocks, while TGRC identifies
countries and sectors that play a disproportionate role in propagating geopolitical
stress. Together, these measures can support portfolio construction, country and
sector allocation, risk budgeting, stress testing, and geopolitical scenario analysis.
More broadly, the findings suggest that understanding geopolitical tail exposures may
be as important as understanding traditional sources of market risk when managing
globally diversified portfolios.

The results also have implications that extend beyond portfolio management.
For chief risk officers and senior executives, the framework provides a tool for identi-
fying concentrations of geopolitical vulnerability and evaluating institutional resilience
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under adverse geopolitical scenarios. For regulators and policymakers, TGRE and
TGRC offer a systematic framework for assessing how geopolitical shocks may prop-
agate across markets and contribute to broader financial system vulnerabilities.
By distinguishing between markets that are vulnerable to geopolitical stress and
those that serve as transmission channels, the framework contributes to a more
comprehensive understanding of systemic geopolitical risk.

Several directions for future research remain. Extending the analysis to other
asset classes, including fixed income, commodities, currencies, and derivatives,
would provide a more comprehensive view of how geopolitical tail risk propagates
across financial markets. Firm-level analysis could help identify the microeconomic
channels through which geopolitical shocks affect corporate performance, valuation,
and supply-chain resilience. Future research could also explore the integration of
forward-looking and market-implied indicators to improve the identification of geopolitical
tail events before they materialize. In addition, investigating how geopolitical tail risk
interacts with other emerging risks, including climate, technological, and cyber-related
risks, may provide valuable insights into the evolving structure of systemic risk in
global financial markets.

The evidence presented in this article suggests that geopolitical risk is increasingly
evolving from an episodic source of uncertainty into a persistent feature of the global
financial landscape. As geopolitical fragmentation, strategic competition, supply-chain
realignment, and regional conflicts continue to reshape the global economy, the ability
to identify and monitor geopolitical tail risk may become an increasingly important
component of portfolio construction, institutional resilience, and financial stability
oversight. The framework proposed in this article represents a step toward that
objective by providing a practical approach for measuring geopolitical tail events in
an increasingly uncertain world.
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