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Abstract

This paper examines how geopolitical risk (GPR) is
transmitted across global financial markets by analyzing
its effects on equities, sovereign bonds, foreign exchange,
and commodities. Moving beyond single-regime and single-
dimension approaches, the study adopts a two-regime
Markov-switching framework to capture the state-dependent
pricing of geopolitical shocks under low- and high-volatility
market conditions. GPR is modeled along multiple dimensions,
incorporating regional and national indicators as well as six
major bilateral geopolitical tensions. This multidimensional
design allows for a comprehensive assessment of how different
sources of geopolitical stress affect asset returns across
market regimes.

The empirical framework evaluates whether geopolitical
shocks are priced heterogeneously across asset classes,
market conditions, and levels of geopolitical aggregation,
and whether bilateral tensions convey information beyond
aggregate GPR indicators. The results reveal strong regime
dependence and pronounced cross-asset heterogeneity, with
regional and bilateral GPR emerging as the primary drivers of
asset price responses, while national GPR plays a more limited
role. The findings highlight marked differences across asset
classes, identify assets that exhibit defensive or safe-haven
characteristics, and document persistent and lagged effects
in commodity markets. Overall, the study demonstrates that
GPR is neither priced uniformly nor transmitted symmetrically
across markets, emphasizing the importance of regime-aware,
asset-specific, and tension-specific approaches to portfolio
construction and risk management under geopolitical
uncertainty.
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1 Introduction

In recent decades, the increasing frequency and intensity of geopolitical events have under-
scored their substantial influence on financial markets and the global economy. From military
conflicts and trade disputes to political crises and pandemics, geopolitical risk (hereafter re-
ferred to as GPR) has emerged as a critical factor shaping asset prices, investor behavior,
and portfolio management strategies. The growing recognition of this influence has moti-
vated researchers and practitioners alike to develop quantitative tools to measure GPR and
investigate its effects across asset classes, market regimes, and geographical regions.

Central to the analysis of GPR is the development of reliable and comprehensive indices
that track periods of heightened geopolitical tension. Among the most widely used measures
is the GPR index introduced by Caldara and Iacoviello (2022), which employs a dictionary-
based methodology to quantify news related to geopolitical events using ten newspapers'.
This index distinguishes realized geopolitical events from anticipatory threats, offering global
coverage from 1900 to the present. Country-specific versions of the index are also available
for 44 developed and emerging economies, enabling a localized GPR perspective.

While the Caldara and Iacoviello (2022) GPR index has significantly advanced empirical
research on geopolitical uncertainty, it remains largely Anglo-centric, potentially limiting its
ability to fully capture global geopolitical developments. Subsequent indices have extended
the dictionary-based approach to alternative contexts and levels of aggregation. For instance,
Salisu et al. (2023), Hsu and Fang (2024), and Sheng et al. (2025) develop regional and firm-
level measures, while the BlackRock Geopolitical Risk Indicator (BGRI) leverages machine
learning techniques to track both financial news and brokerage reports, placing greater
emphasis on market attention rather than public discourse.

Building on these foundations, this study employs the Geopolitical Sentiment Tracker
(GST) proposed by Rosenberg et al. (2024). The GST uses natural language processing
(NLP) techniques to capture contextual signals from the top 30 news sources in each included
country, thereby offering a more globally representative measure of GPR. Unlike earlier
indices that focus primarily on direct threats or realized events, the GST encompasses a
broader set of conditions that may elevate the likelihood of geopolitical tension, including
political and economic crises and pandemics. Importantly, the GST provides a range of
indicators capturing local and cross-country geopolitical perceptions?, thereby offering the
granularity necessary for multidimensional empirical analysis.

A growing body of literature documents that geopolitical and political uncertainty is
priced in financial markets, affecting asset returns(Yilmazkuday, 2024), volatility, and cross-
market correlations (Pastor and Veronesi, 2013). These uncertainties often lead to signifi-
cantly time-varying contributions to portfolio risk premia (Abou Rjaily et al., 2024), result-
ing in a non-negligible risk premium, particularly during periods of economic stress (Gala et
al., 2023). Despite this expanding research examining GPR, several important gaps remain.
First, many empirical studies analyzing the effects of GPR across different asset classes rely
on single-regime frameworks (e.g., Bedowska-Sojka et al., 2022; Umar et al., 2022, 2023),
thereby abstracting from the possibility that geopolitical shocks may be priced differently
across market states. This limitation is particularly relevant given the nonlinear behavior
of financial markets during periods of stress. Second, although recent contributions incor-
porate state-dependent dynamics, their scope is often confined to specific asset classes or
market segments. Markov-switching (MS) approaches have been applied to commodities
(Choi and Hammoudeh, 2010; Abid et al., 2023), renewable energy exchange-traded funds

1Six newspapers from the USA, three from the United Kingdom, and one from Canada
2See Table 1 for more information on the different indicators offered by the GST




(Dutta and Dutta, 2022), and bond markets (Sheenan, 2023), while regime-based analyses
of cryptocurrencies rely on MS-VAR, GARCH (Buthelezi, 2024), or state-dependent local
projection frameworks (Fang et al., 2024). Moreover, even within the regime-dependent
literature, most studies focus on a single dimension of GPR — typically a global or national
indicator — and rarely examine how geopolitical tensions propagate across markets through
bilateral relationships. Yet tensions involving systemically important economies may gen-
erate asymmetric and asset-specific responses that are not captured by aggregate measures
of GPR. As a result, existing research provides valuable but fragmented evidence, leaving
open the question of how multiple asset classes jointly respond to different layers of GPR
across market regimes.

Against this backdrop, our paper introduces a comprehensive empirical framework de-
signed to assess the transmission of GPR across multiple asset classes, including equities,
sovereign bonds, foreign exchange (FX), and commodities, while explicitly accounting for
the dynamic nature of financial markets. The analysis examines whether the pricing of
GPR varies across market conditions, asset classes, and sources of geopolitical tension, and
whether accounting for regime changes alters the magnitude, sign, or persistence of asset-
level responses. The study further assesses the relative importance of GPR at different
aggregation levels, exploring whether regional and cross-border tensions convey informa-
tion beyond that captured by country-specific indicators. Particular attention is given to
cross-border geopolitical relationships involving systemically important economies, evaluat-
ing whether such tensions generate distinct and asset-specific responses and whether their
effects depend on market regimes. The study further explores cross-asset heterogeneity by
evaluating differences in resilience and vulnerability to geopolitical shocks, thereby providing
insight into the potential defensive role of certain assets under geopolitical stress.

The empirical framework employed in this study builds upon Markov-switching (MS)
models, which allow asset returns to exhibit distinct behavior across market regimes com-
monly associated with low- and high-volatility states. This framework captures the dynamic,
nonlinear, and state-dependent nature of financial responses to geopolitical shocks. For eg-
uities, FX, and commodities, the MS model is specified in a regression form with GPR
measures included as exogenous variables, enabling the analysis of regime-dependent sen-
sitivities. For sovereign bonds, an autoregressive MS specification is used to account for
the persistence in bond returns while allowing GPR to affect both regimes differently. The
three distinct measures provided by the GST — regional, bilateral, and national — allow
the analysis to disentangle different layers of GPR. Regional GPR, constructed at the geo-
graphical level (North America, Europe, Latin America, and Asia-Pacific), captures broad
market-wide tensions, such as elevated geopolitical stress in Europe during periods of re-
gional instability or heightened tensions across the Asia-Pacific area. Bilateral GPR isolates
specific country-pair tensions, for example strategic and trade tensions between China and
the United States or diplomatic frictions between Russia and the United States. National
GPR, in contrast, reflects country-specific political risk, such as domestic political instability
in Venezuela or internal political uncertainty within a single sovereign state. Applying this
framework consistently across asset classes provides a structured empirical setting in which
the dynamic and multidimensional pricing of GPR can be systematically evaluated.

The remainder of the paper is organized as follows. Section 2 examines regional eq-
uity markets and their responses to GPR at different levels of aggregation, highlighting
regime-dependent effects on returns. Section 3 focuses on other asset classes — including
sovereign bonds, FX markets, and commodities — analyzing their sensitivity to regional,
cross-country, and domestic tensions, while evaluating the role of safe-haven assets in miti-
gating risk and considering the persistence of effects across low- and high-volatility regimes.
Section 4 synthesizes the key empirical findings and discusses their implications for port-




folio construction, dynamic risk management, and investment strategies under geopolitical
uncertainty. Finally, Section 5 concludes the paper.

Table 1: The GPR indices presented by the GST

Index What it measures?

Global geopolitical index Global GPR measure

Local instability index Local GPR measure as seen by worldwide news

Bilateral relations index Measures how global news perceive the relation between 2 countries

Measures the strength of a country’s political base
Fundamental stability index (quality of governance, level of press freedom,
conflict and human development, etc.)

Measures how one country perceives other countries

Local vi ints . .
ocal viewpomts and how other countries perceive that country

Multidimensional sentiment  Deduced using all the past measures

Source: Rosenberg et al. (2024)

2 Regional equities in a regime-switching framework

2.1 Data

For this study, daily data from four regional equity indices, retrieved from FactSet, are used:
MSCI North America (NA) Index, MSCI Europe Index, MSCI Latin America (LATAM)
Index, and MSCI Asia Pacific (APAC) Index. The equity series are denominated in USD
and include dividends distributed by the various components of the indices. The time series
span from January 2019 to August 2025, comprising 1,683 daily observations. Excess returns
are calculated by subtracting the 1-month Treasury Bill® rate from the indices’ returns.

Regarding GPR, three variations of the GST are employed in this section: regional
GST, corresponding to GPR at the regional level?; country-level GST (referred to as the
local instability index in Table 1), measuring GPR at the national level; and bilateral GST
(referred to as the bilateral relations index in Table 1), quantifying GPR arising from tensions
between two countries. To calculate the GPR at the regional level, we use the GST’s local
instability index specific to each country within equity indices. The regional GST at time ¢
is computed as a weighted average of the local GST values of the countries included in the
equity index at that time:

GST = > w{GSTf (1)
cel

where GST/ represents the GST of region R at time ¢, w¢ is the weight of country C in
the index I of region R at time ¢, and GST[ is the local GST of the country C at time .
Since our focus is on risk levels, the GST series for each region are adjusted to eliminate
negative values by setting a floor at their 5" percentile. This study specifically considers
geopolitical shocks. To facilitate comparisons across regions, the expanding Z-score of the

3Excess returns are computed by subtracting the daily risk-free rate, obtained from the 1-month US
Treasury Bill, from daily asset returns. This convention is standard in the asset pricing literature and
ensures consistency across assets and frequencies, irrespective of their underlying investment horizons.

4Regional GPR is constructed at a broad geographical level. The four regions considered in this study
are North America, Europe, Latin America, and Asia-Pacific. These regions are defined on a geographical
basis and do not correspond to institutional, monetary, or economic groupings.




shock (hereafter referred to as GST) is calculated and used®. The same transformation is
applied to country-level and bilateral GSTs.

Stationarity tests were conducted on the timeseries of the indices. Both the equity indices
and the GST series were found to be stationary based on the Augmented Dickey-Fuller
(ADF) test (see Table Al on page 40). Correlations were calculated between each region’s
index and the corresponding GST. Additionally, a collinearity assessment was performed
using the Variance Inflation Factor (VIF). The results indicate low correlations, with the
highest absolute correlation being 0.16 for the APAC region, and VIF scores close to 1,
suggesting no significant collinearity among the series (refer to Table A2 on page 40). The
GST series of the four regions exhibit a low but positive correlations, with the highest
correlation of 0.44 observed between GST®"°P¢ and GSTAPAC (Figure Al on page 40). An
autoregressive MS model was applied to the regional GST to examine how GPR behaves
under a two-regime framework and to analyze differences in the index’s behavior between
low- and high-volatility regimes. The results are presented in Appendix B on page 40.

2.2 The model

To capture the effect of different GPR measures on regional equities, a two-regime MS model
is employed, incorporating each of the three variations of GST indices — one at a time —
as exogenous variables. The univariate model used to study the effects of regional GPR and
bilateral tensions is specified as follows®:

Et NN(O,O’%)

2
St:1,2 ()

rf = ps, + Bs,GST + ¢  with {

where [t is the excess return of the equity index for region R, ug, is the mean return
corresponding to regime S at time ¢, GST; is the GPR index, 8g, represents the exposure
of returns to GPR in regime S}, and &; is the error term. The GST; variable is replaced
by GSTtR, the regional GPR for region R, and subsequently by GSTtC /G , representing
bilateral tensions between countries i and j. The variance of the error term O’%t switches
according to the regime.

To study country-level GPR, a multivariate MS model is employed, where the corre-
sponding national GST indices are integrated as exogenous variables for each regional equity

index: ,
e ~N(0,0
rit=ps, + > BSGST{ +e with { e~ NO,05,)

Cel

3
Sy =1,2 ®)
where Bgt represents the exposure of index I to country C' in regime Sy, GSTtC is the GPR
index for country C' at time ¢, and C' denotes a country whose equities are included in index
1.

The regime-switching mechanism in these models follows a Markov process, where the
probability of the current regime depends solely on the regime in the previous period:

Pr (St = St|St_1, St_g, St_g, .o ) =Pr (Sf = St|St_1) (4)

5Standardization of shocks removes differences in scale and amplitude across regions and countries, sacri-
ficing information on absolute magnitudes. However, it allows for meaningful comparisons of GPR exposures
across regions and national markets.

6Model specifications for each study were selected after testing various MS model variations — including
three-regime MS, autoregressive MS, MS with switching and non-switching variance, time-varying transition
probabilities MS, threshold MS — using the GST index along with its first- and second-order lags. The
model presented here was chosen based on the lowest Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC).
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In our case, the transition probability matrix is:

PI' _ PI' (St = I‘St—l = 1) PI' (St = 2|St—1 = 1) _ P11 P12 (5)
PI‘ (St = 1‘515_1 = 2) PI‘ (St = 2|St_1 = 2) P21 P22

These probabilities can be interpreted as follows: pj; is the probability of remaining in

regime 1 given that the system was in regime 1 in the previous period; p15 is the probability

of switching from regime 1 to regime 2; and so forth.

To evaluate the quality of regime classification, we use the Regime Classification Measure
(RCM) proposed by Ang and Bekaert (2002). For a two-state model, RCM is calculated as:

T
1
RCM = 400 x T ;pt(l —Pt) (6)

where T is the total number of observations and p; is the ex-ante probability of being in
a particular regime at time ¢. This measure assesses how well the regime-switching model
distinguishes between regimes based on the data. The constant 400 normalizes the measure
to range between 0 and 100. A lower RCM indicates better regime classification: a value of 0
corresponds to perfect classification, while a value of 100 indicates poor regime identification.

2.3 Regional equities facing regional GPR

The two regimes identified by the model have clear economic interpretations. The first
regime represents a calm market environment characterized by low volatility, with annualized
volatilities ranging from 11.22% for MSCI NA to 20.70% for MSCI LATAM, accompanied
by positive average returns. The second regime corresponds to a bearish phase marked by
high volatility, with annual volatilities ranging from 34.42% for MSCI Europe to 69.92% for
MSCI LATAM, and expected returns indistinguishable from zero (Table 3). These regimes
will be referred to as the low-volatility and the high-volatility regimes, respectively.

Table 2: Regime probabilities and durations in each region

Low volatility regime | High volatility regime ROM
P11 D N ! P22 Dy Ny

MSCI NA 0.9777** 45 1266 , 0.9337** 15 417 17

MSCI Europe | 0.9857*** 70 1398 : 0.9357*** 16 285 13

MSCI LATAM | 0.9925** 133 1595 , 0.8854*** 9 88 6

MSCI APAC 0.9931*** 145 1623 ' 0.8603"* 7 60 6

dkk o kk
)

Equity index

and * indicate 1%, 5% and 10% significance levels for the probabilities.
Duration is expressed in days.

N and Na represent the total number of days spent in regimes 1 and 2, respectively,
over the analysis period.

The results in Table 2 indicate strong regime classification, with RCM values below 17
for all four regions. The probability results show that both regimes exhibit persistence,
meaning it is more likely for the market to remain in the current regime than to switch to
the other. For example, in the North America region, if the market is in the low-volatility
regime, there is a 97.77% probability of staying in that regime and a 2.23% probability of
switching to the high-volatility regime. In Asia Pacific, these probabilities are 99.31% and
0.69%, respectively. However, the high-volatility regime is generally less persistent than the
low-volatility regime across all regions. For example, when markets are in the high-volatility
regime, the probability of remaining there is 93.37% in North America and 86.03% in Asia
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Pacific, with corresponding probabilities of switching back to the low-volatility regime at
6.63% and 13.97%, respectively. Comparing the four regions, markets in Asia Pacific and
Latin America tend to be more persistent in the low-volatility regime than those in North
America and Europe, but less persistent in the high-volatility regime. These findings are
further supported by the average durations Dy and Dy of each regime (Table 2): the low-
volatility regime lasts approximately 145 days in Asia Pacific and 133 days in Latin America,
compared to only 70 days in Europe and 45 days in North America. Conversely, the high-
volatility regime is much shorter-lived, with average durations of 16 and 15 days in Europe
and North America, respectively, and even shorter durations of 9 and 7 days in Latin America
and Asia Pacific, respectively. The difference in durations can also be seen in Figure 1, which
displays indices’ prices alongside periods dominated by the high-volatility regime. Periods
of high volatility tend to last longer in North America and Europe than in Latin America
and Asia Pacific. During these periods, regional equity indices across all four regions exhibit
pronounced declines, as shown in the figure.

Remark 1. It is important to understand that spending more days in the low-volatility
regime does not necessarily mean an index is less volatile overall. The total number of days
and average durations in each regime reflect the unique characteristics of each region, while
actual volatility is determined by the variance 0%1, within those regimes. For example, Table
2 shows that MSCI APAC and MSCI LATAM spend 1623 and 1595 respectively in the low-
volatility regime, with average durations of 9 and 7 days in the high-volatility regime. In
contrast, MSCI North America and MSCI Europe spend far fewer days in the low-volatility
regime — 45 and 70 days respectively — and longer in the high-volatility regime, with 15
and 16 days. However, as Table 3 reveals, the variances for MSCI LATAM and MSCI
APAC during the high-volatility regime are higher than those for MSCI North America and
MSCI Europe. Additionally, MSCI LATAM shows greater volatility even in the low-volatility
regime compared to the others.

Table 3: MS results on regional equity indices using regional GST

e Low volatility regime | High volatility regime
Equity index M1(1074) 6{2(1074) J%(1074) \ M2(1074) 55(1074) 03(1074) }/32/51‘
MSCI NA 11. 1% —T7.2%* 0.5 | —10.1 —13.0 4.8 1.8
MSCI Europe 6.2%** —7.0%** 0.7%** 1 —8.6 —44.9*** 4.7+ 6.4
MSCI LATAM 2.9 2.0 1.7+ : -16.1 -29.1 19.5%** 14.2
MSCI APAC 3.8* —15.5%** 0.7*** 1 —28.2 —127.8%** 6.1+ 8.2

*xx % and * indicate 1%, 5% and 10% significance levels.

Table 3 reveals that the mean return pg, is statistically significant only in the low-
volatility regime for three of the four regional equity indices: MSCI NA, MSCI Europe, and
MSCI APAC. For MSCI LATAM in the low-volatility regime, as well as for all four indices
in the high-volatility regime, the mean return is not statistically significant, suggesting
that the mean return is effectively zero in these cases. Meanwhile, the variances 0?91, are
highly significant across both regimes for all four indices. These findings indicate that
MSCI NA, MSCI Europe, and MSCI APAC follow two regimes characterized each by a
switching variance and a switching mean return, whereas MSCI LATAM follows two regimes

characterized by switching variances but no significant mean return.

Regarding the exposure coefficients 8g, (Table 3), regional equities generally exhibit
a negative sensitivity to their corresponding regional GPR in both regimes, with the ex-
ception of the Latin America equities in both regimes and North America equities in the
high-volatility regime, where exposures are statistically insignificant and indistinguishable
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from zero. In the low-volatility regime, Asia-Pacific equities display the highest absolute
exposure, with a f; of —15.5, suggesting that MSCI APAC index is the most impacted by
its regional GPR among the four regions. MSCI Europe and MSCI NA have very similar
exposures to their respective GPRs with 7 values of —7.0 and —7.2, respectively. In the
high-volatility regime, MSCI APAC remains the most affected by its regional GPR, with
the highest absolute By value of —127.8, while MSCI Europe shows an exposure of —44.9.

It is also insightful to compare the magnitude of exposures across regimes using the

ratio % . This ratio reveals that regional GPR has a stronger impact in the high-volatility
regime for both MSCI Europe and MSCI APAC, with European equities being 6.4 times
more sensitive to GPR in the high-volatility regime than in the low-volatility regime, and

Asia-Pacific equities experiencing an impact 8.2 times greater.

Figure 2: Daily indices returns and GST shocks
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Figure 2 displays the returns of the four indices alongside the corresponding GST shocks
for each region. It is evident that indices’ returns exhibit greater absolute variation (wider
range) during high-volatility regimes, while they tend to be more constrained during low-
volatility regimes. For all indices, returns in the low-volatility regime generally range between
—0.025 and +0.025 in the low-volatility regime, except for MSCI LATAM, where returns
vary approximately between —0.05 and +0.05 — about twice the range of other regions —
indicating higher volatility even in the low-volatility regime. Additionally, MSCI NA and
MSCI Europe experience significantly more days in the high-volatility regime compared to
MSCI LATAM and MSCI APAC. Examining the GST levels, we observe that when GST
shocks lie between —2 and +3 standard deviations, regional equities can still exhibit high
returns across all four regions. However, once GST shocks exceed +3 standard deviations,
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returns tend to cluster around zero, suggesting that extreme GST shocks have a diminished
impact on regional equities.

2.4 Regional equities facing national GPR

After assessing the impact of regional GPR on regional equities, it is also important to
examine whether individual countries’ GPRs influence regional indices. To this end, the
multivariate model specified in Equation (3) is employed. The exposures of the four regional
indices to the countries’ GST are reported in Table 4. For MSCI NA (Table 4a), the only
statistically significant exposure at the 5% level is the sensitivity of the index to the GPR
of the USA in the low-volatility regime; all other exposures are not significant. Similarly,
MSCI Europe (Table 4b) only show two statistically significant exposures: to Switzerland’s
GPR in the low-volatility regime and to Spain’s GPR in the high-volatility regime. MSCI
LATAM (Table 4c) shows no significant exposures. In contrast, MSCI APAC (Table 4d)
exhibits several significant exposures: the index is affected by the GPR of China, Hong
Kong, Japan, and Singapore in the low-volatility regime, and by Australia, Indonesia and
Singapore in the high-volatility regime.

Although some statistically significant results were found for MSCI LATAM, the overall
findings suggest that country-level GPR does not sufficiently explain the returns of regional
equities. Several factors may contribute to this outcome. First, regional equities may be
more sensitive to broader GPR dimensions — such as regional GPR or trade tensions —
than to local political events. Second, regional indices comprise equities from multiple
countries, offering investors diversification against local GPRs: individual country-specific
GPR shocks may be offset by stability or positive events in other countries within the
region. This diversification effect can dilute the impact of country-specific shocks at the
regional level. Finally, country-level GPR measures have some limitations when applied at
the regional scale, as they may not fully capture regional investor sentiment and market
expectations, resulting in weaker explanatory power.

2.5 Regional equities facing bilateral tensions

In recent years, bilateral tensions have played a major role in international commerce, pol-
itics, and global economics. This section examines whether the effects of such bilateral re-
lations have spilled over into regional equity indices by incorporating bilateral GST indices
as exogenous variables in the univariate MS model specified in Equation (2). The six bi-
lateral relationships analyzed are: China-USA (CHN/USA), Russia-Ukraine (RUS/UKR),
Mexico-USA (MEX/USA), Russia-USA(RUS/USA), China-India (CHN/IND), and Iran-
USA (IRN/USA).

The results in Table 5 indicate that tensions between China and the USA have the most
significant impact among the six bilateral relationships studied, followed by China-India
and Russia-USA tensions. Moreover, bilateral tensions tend to exert a stronger influence
during normal periods compared to turbulent ones. Specifically, exposures to China-USA
tensions are statistically significant for MSCI NA only in the low-volatility regime, while
for MSCI Europe and MSCI APAC, the exposures are significant in both regimes. MSCI
LATAM, however, shows no significant exposure to these tensions. China-India tensions
affect all regional equities during low-volatility periods, except for MSCI NA. Russia-USA
tensions impact only MSCI NA and MSCI Europe during normal periods. For Russia-
Ukraine tensions, the only statistically significant exposure is observed for MSCI LATAM
during the low-volatility regime. Similarly, Iran-USA tensions show a significant impact
only on MSCI APAC during high-volatility periods. The Mexico-USA relationship does
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Table 4: Exposure of regional equities to their countries’” GSTs

Equity index GST¢ pe(10=4)  pe(0~*) |85 /BC]
GSTCanada —3.7 6.0 1.6
(d) MSCI NA GSTUSA —6.2%* —~15.0 2.4
oo GSTAwtria ~ =~ T T T 057 T T 2213 446
GSTBelgium 0.2 —2.0 9.3
GSTDenmark 2.7 6.4 24
GSTFinland —3.7 —-9.5 2.6
G STFrance —1.2 —7.6 6.5
GSTGermany —1.0 —16.2 16.0
GSTIreland —3.4 10.4 3.0
(b) MSCI Europe ~ GST!tel -2.3 —27.7 12.2
GSTNetherlands -29 —17.7 6.1
GSTNm'way 2.0 —8.2 4.0
G ST FPortugal 3.0 10.9 3.6
G STSpain 1.5 37.9** 25.8
G ST Sweden —1.2 —19.8 16.9
GSTSwitzerland —4.9* 9.6 2.0
GSTUnited Kingdom 4.1 —19.8 4.9
T GSTAgentina =~ T T T 3T T T T3y T T T 90
G STBrazil -3.3 16.6 5.0
G STChile 2.8 -37.9 13.5
(C) MSCI LATAM G ST Colombia 5.7 116.9 20.4
GSTMezico 4.2 —4.3 1.0
Sm e — - - - GSTAustralic ~~ " T T 711777956 692
GSTChina —6.3%  —43.2 6.9
GSTHong Kong -3.6* —38.2 10.5
GSTIndia —0.7 15.7 22.9
GSTIndonesia —-1.9 57.7* 30.5
GSTJapan —7.gExx —18.2 2.3
(d) MSCI APAC GST]\/[alaysia —0.1 —36.8 263.6
GSTNew Zealand 2.5 —138.2 55.4
G ST Philippines —0.6 30.4 48.0
G ST Singapore —5.0** 87.3** 17.5
GSTSouth Korea 2.7 —72.7 27.2
GSTTaiwan 0.7 37.0 52.8
GSTThailand —26 —66.2 25.4

*xxk*¥* and * indicate 1%, 5% and 10% significance levels.
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not exhibit statistically significant effects, likely because tensions peaked in 2018, while the
study period begins in 2019. These significance levels suggest that, despite their strong
impact on country-specific economies and equities, Russia-Ukraine, Iran-USA, and Mexico-
USA tensions have not substantially influenced regional indices over the past six years.
Notably, all studied tensions negatively affect the impacted regional equities, as indicated
by negative exposures, implying that heightened tensions lead to a negative GPR premium
across regions. The only exception is MSCI LATAM, which shows positive exposure to
Russia-Ukraine tensions, suggesting that increasing shocks between the two countries lead
to higher returns in Latin American equities.

Focusing on China-USA tensions, in the low-volatility regime, the most affected regional
index is MSCI Europe with an exposure of —0.00113, followed by MSCI APAC (—0.00085),
and MSCI NA (—0.00041). In the high-volatility regime, China-USA tensions have the
greatest impact on MSCI APAC (—0.01102), followed by MSCI Europe (—0.00274). Ex-

amining the ratio ’ China=USA jgChina=USA| "\we observe that MSCI APAC is significantly

more affected by China-USA tensions in the high-volatility regime, with an impact 13.0 times
greater than in the low-volatility regime. The effect is approximately 1.5 times higher for
MSCI Europe (Table A3 on page 41). Additionally, the exposures of MSCI Europe in both
regimes, and of MSCI APAC in the high-volatility regime to GSTCHN/USA are the highest
in absolute value compared to their exposures to other bilateral tensions, suggesting that
China-USA tensions not only impacted these regional equities but did so with substantial
magnitude.

Table 5: Exposure of regional equity indices to bilateral GPR (Univariate MS model)

GSTCHN USA GSTRUS UKR GSTMEX USA

T
|

o |
Equity index 5fl/cj ﬁQCl/Cj : ﬁlc,-,/cj ﬁgi/cj : ﬁlci/cj /8201/01-
MSCI NA —4.1*  -10.1 =12 -84 1 —-1.0 —8.8
MSCI Europe | —11.3*** —27.4* : —0.6 —16.6 : 3.0 —-19.3
MSCI LATAM | —4.8 —-31.0 | 7.7* —423 | 2.9 12.5
MSCI APAC —8.5" —110.2™ ! 3.7 -34.0 ' 1.0 -=32.0

GSTRUS USA GSTCHN IND GSTIRN USA

- |
Equity index Blcz/cj ﬂgci/cj l ﬁlcl/cJ BQCi/C, 1 BIC,/Cj 5262/01
MSCI NA —6.2** 23 1 —0.6 -96 1 —24 4.5
MSCI Europe —8.5"* —-21.0 : —8.5"* —21.4 : —-4.1 =211
MSCI LATAM | -1.8 —-61.2 | —-9.6** 72 | =3.0 19.3
MSCI APAC —-34 -31.6 ! —94** 571 ' 01 712"

Reported coefficients are in units of 104,
*ak % and * indicate 1%, 5% and 10% significance levels.

The negative significant impact of China-USA tensions on regional equities can be at-
tributed to the elevated GPR generated by these tensions and transmitted globally through
various channels. First, increasing customs tariffs have raised production costs (Bown et
al., 2021), which in turn reduce business profits and increase consumer prices (Hass and
Denmark, 2020). These tariffs also lead to declines in both imports (Kinzius et al., 2019)
and exports, (Li et al., 2020) adversely affecting business profitability (Bingura, 2023) and
national economic cycles. Second, tensions between both countries have caused widespread
uncertainty and costly disruptions in global value chains, significantly reducing economic
activity in both countries (Zahoor et al., 2023). These supply chain disruptions have further
contributed to decreased sales and, consequently, lower corporate earnings (Bingura, 2023).
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Remark 2. A multivariate MS model, similar to the one specified in Equation (3) can
also be applied to this context by integrating all six bilateral tensions simultaneously in the
estimation. The results of the multivariate regression are presented in Table A4 on page 41.

3 Other asset classes in a regime-switching framework

3.1 Data

In this section, the following data sets, retrieved from Bloomberg, are used: for the first
study, ICE BofA total return indices of sovereign bonds with remaining maturities of 7 to
10 years from 13 emerging and developed countries’ inclusive of coupon payments; for the
second study, FX spot cross-rates of 19 currencies® from various regions, along with the
DXY index representing the US dollar; and for the final study, futures prices of 12 com-
modities’, including major metals, energy, and agricultural products. For Crude Oil, two
contracts are included in the study: Crude Oil Brent (ICE exchange) considered as the
global benchmark for light oil market (i.e. in Europe, Africa, and the Middle East), and
Crude Oil WTT (NYMEX exchange) considered as a regional crude reflecting fundamen-
tals of the midcontinent region of the USA'Y. The time series span from January 2019 to
August 2025 with 1,670 daily observations for bonds, 1,684 for currencies, and 1,665 for
commodities. Daily returns are calculated for each data set and incorporated into different
regime-switching models. Excess returns for the bond indices are computed by subtracting
the 1-month Treasury Bill rate, as the bond indices are denominated in USD. Additionally,
yield time series corresponding to the bond indices are used to compute spread time series.
Spreads are calculated by subtracting the yield of the US bond index from the yields of
other sovereign bond indices of the same maturity. For US bonds, the spread is calculated
by subtracting the German bond index yield from the US bond index yield.

Regarding GST, similar to Section 2, the same three variations of the index are employed:
regional, bilateral, and national GSTs. In this section, the regional GST is calculated as the
arithmetic average of the countries’ GST values within each region, expressed as:

> GSTE
GSTf = S — 7
Ccel

To measure country-level GPR for the Euro currency, the arithmetic average of the local
GST indices of the European Monetary Union countries is used, referred to as GSTFMUY,
For the regional-level GPR, the G'ST®U°P¢ index is employed. The same transformations
applied to the weighted average GST in Section 2 are also applied to the arithmetic average

GST series in this section.

3.2 Sovereign bonds

In this study, we focus on analyzing sovereign bonds from developed and emerging countries
under a two-regime framework. To assess the impact of GPR on these bonds, we employ

7Countries include Australia, Brazil, Canada, China, France, Germany, India, Japan, Mexico, South
Korea, Switzerland, United Kingdom, and United States.

8Currencies are CAD, EUR, GBP, CHF, NOK, SEK, PLN, DKK, ARS, MXN, BRL, AUD, NZD, JPY,
CNY, HKD, INR, KRW, and TRY.

9Commodities are Gold, Silver, Copper, Aluminium, Crude Oil WTI, Crude Oil Brent, Natural Gas,
Wheat, Corn, Soybeans, and Coffee.

10Source: www.ice.com/insights/energy/what-are-the-differences-between-ice-brent-and-nymex-
wti-futures.
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the autoregressive MS model of Hamilton (1989)!!:

r{ = s, + B, GSTo+ s, (10 — s, — Bs, \GSTuon ) + 21 (®)
2
with | &~ N5
Sy=1,2

where r¢ is the excess return of the bond index for country C, and ¢g, is the autoregressive
coefficient relative to regime S;. The GST used for the below studies are: GST® as the
region-level GPR, GST as the country-level GPR to study the impact of national GPR and
GSTC /% as the bilateral GPR between country ¢ and country j to measure the bilateral
tensions impact.

Remark 3. As an alternative approach, we implement a deterministic regime specification
in which the regime at time t is observed directly from the bond spread with a threshold set at
the 75" percentile. Each regime is then estimated by OLS with Newey- West (HAC) standard
errors; a full description of the method and the results are reported in Appendiz C on page

44-

3.2.1 Impact of regional GPR

The results for the probabilities and durations of each bond index, presented in Table 6,
show that both regimes are persistent across all countries. Generally, the low-volatility
regime is more persistent than the high-volatility regime in all countries, except for France,
where the probability of remaining in the low-volatility regime is 0.9843, slightly lower
than the 0.9853 probability of remaining in the high-volatility regime. However, persistence
varies significantly between countries. For most countries, the probability of staying in
the low-volatility regime, given that the regime is already in place, ranges from 0.9540
(South Korea) to 0.9904 (United States). Similarly, the probability of remaining in the
high-volatility regime generally varies from 0.9109 (Brazil) to 0.9808 (United States). Some
countries, however, exhibit notably lower persistence. For example, China and India have
probabilities of 0.8966 and 0.8739, respectively, of remaining in the low-volatility regime,
corresponding to average durations of 10 and 8 days. In the high-volatility regime, South
Korea (0.8908), Mexico (0.8321), China (0.7783), and India (0.7600) show relatively low
probabilities of persistence, with average durations of 9, 6, 5, and 4 days, respectively. Most
bond indices demonstrate strong regime classification with RCM values below 24, suggesting
that the model effectively captures shifts in market conditions for these bonds. However,
South Korean, Chinese, and Indian bonds show higher RCMs of 32, 44 and 47 respectively,
indicating that the model has more difficulty differentiating regimes in these cases. This
could be due to more complex or less distinct regime dynamics in these countries, which
might require further model refinement or additional data to improve classification accuracy.

Analyzing the model results presented in Table 7, we observe that sovereign bonds in
most countries do not exhibit a statistically significant mean return in either regime, with
the exception of Mexico and Japan, where the mean return is significant only in the low-
volatility regime. However, the variances of bond returns are highly significant across all
countries and regimes, indicating that sovereign bond markets generally follow two regimes
characterized by switching variances but no consistent trend.

The exposure to GST shows that Asia-Pacific is the only region whose bonds are highly
impacted by regional GPR. Nearly all bonds studied in this region exhibit sensitivity to

11The autoregressive MS model of Hamilton (1989) has been previously applied to bonds returns in the
litterature, as per the works of Acharya et al. (2013) and Guidolin and Timmermann (2006).
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Table 6: Regime probabilities and durations for sovereign bonds

. . Low volatility regime | High volatility regime
Region Bond index o D N, ! oo Dy Ny RCM
NA United States 0.9904*** 104 1117 , 0.9808** 52 553 17
Canada 0.9871** 78 1137 ' 0.9729*** 37 533 20
- France | 0.9843%* ~ 64 801 , 0.9853™ 68 869 | 15
Europe Germany 0.9763*** 42 894 : 0.9715** 35 776 24
United Kingdom | 0.9853"** 68 1436 | 0.9193"* 12 234 15
Switzerland 0.9844*** 64 1266 1 0.9527*** 21 404 19
o amaag  Mexico | 0.9800°* 50 1530 | 0.8321*** 6 140 | 14
LATAM Brazil 0.9802*** 50 1398 : 0.9109*** 11 272 21
- Australia | 0.9838%* ~ 62 1139 | 0.9654™* 29 531 | 19
Japan 0.9735*** 38 1026 | 0.9596*** 25 644 18
APAC China 0.8966*** 10 1253 : 0.7783*** 5 417 44
India 0.8739*** 8 1195, 0.7600*** 4 475 47
South Korea 0.9540* 22 1217 ' 0.8908** 9 453 32

*Hkk K% and * indicate 1%, 5% and 10% significance levels for the probabilities.

Duration is expressed in days.

N1 and N2 represent the total number of days spent in regimes 1 and 2, respectively, over the analysis
period.

regional GPR shocks in both regimes, with the exception of Chinese bonds, which show
no significant exposure. In contrast, sovereign bonds in the other regions generally do not
display statistically significant exposure to regional GPR in either regime, except for Swiss
bonds in the low-volatility regime and Canadian bonds in the high-volatility regime. These
findings suggest that regional GPR shocks have limited impact on sovereign bond markets
outside Asia-Pacific. Among the affected bonds, exposures are predominantly negative,
indicating that increasing GST shocks lead to declines in bond returns. However, Japanese
and Swiss bonds exhibit positive exposures, consistent with their roles as safe-haven assets
within their respective regions. In terms of magnitude, exposures in the low-volatility regime
are relatively similar across bonds. In the high-volatility regime, the absolute exposures to
GPR shocks rank as follows: South Korean bonds (16.4), Australian bonds (10.7), Japanese
bonds (9.7), Canadian bonds (6.6), and Indian bonds (6.0).

Additionally, many sovereign bonds exhibit weak first-order autocorrelation, as shown in
Table 7, represented by statistically significant ¢g, coeflicients in one or both regimes. This
suggests that bond returns are influenced by their previous values. Australian and Chinese
bonds display weak negative autocorrelation in the low-volatility regime, with ¢; values of
—0.088 and —0.107, respectively, suggesting a slight tendency for returns to reverse direction
from one day to the next. In contrast, European bonds exhibit weak positive autocorrelation
during the high-volatility regime, with coefficients ranging from 0.079 to 0.160, indicating
that returns tend to continue in the same direction. Brazilian and South Korean bonds
show autocorrelation in both regimes: Brazilian bonds have positive autocorrelation in low-
volatility periods and a more pronounced negative autocorrelation in high-volatility periods,
while South Korean bonds exhibit negative autocorrelation in both regimes.

3.2.2 Impact of national GPR

The results of sovereign bonds’ exposure to national GST are presented in Table 8. For
most countries, the exposure to GST is not statistically significant in either regime, with ex-
ceptions for Australian bonds in the low-volatility regime, and Swiss, Japanese, and Indian
bonds in the high-volatility regime. These findings suggest that GPR shocks generally do
not affect sovereign bond markets, except for these four countries during specific regimes.
Specifically, Australian bonds exhibit a negative exposure to GST shocks in the low-volatility
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regime, while Indian bonds show a similar negative exposure in the high-volatility regime,
indicating that rising GST shocks correspond to declines in bond returns in these countries.
Conversely, Japanese and Swiss bonds display positive exposures, implying that their re-
turns tend to rise as national GST shocks increase. In terms of magnitude, the absolute
exposure to GPR shocks ranks as follows: Swiss bonds (0.00146), Japanese bonds (0.00098),
Indian bonds (0.00058), and Australian bonds (0.00029). Despite these few significant expo-
sures, the overall bond markets appear largely unaffected by country-specific GPR shocks,
suggesting that national GPR may represent an idiosyncratic risk already priced into the
market.

Table 8: Exposure of sovereign bond indices to national GPR

Region  Bond index pe(o=) g0~ |ps /B¢
NA United States 0.3 —-0.8 3.2
Canada 0.7 —3.6 5.0
S France 0.2 1.4 6.3
Europe Germany 0.5 1.8 3.9
United kingdom —-1.9 5.4 2.9
Switzerland 0.1 14.6*** 106.5
Mexico 0.8 —19.6 25.2
LATAM Brazil 3.6 2.1 0.6
S Australia —-29* =31 1.0
Japan 1.5 9.8 6.7
APAC China —-0.7 —1.6 2.3
India —-1.0 —5.8** 5.9
South Korea 2.7 -5.9 1.8

*xxk** and * indicate 1%, 5% and 10% significance levels.

Remark 4. The limited significance of national GPR in the sovereign bond and currency
results suggests that domestic political risk does mot systematically translate into macro-
financial repricing. Bond yields and exchange rates are primarily driven by monetary policy
expectations (well documented in the literature on economic policy uncertainty) along with
inflation dynamics, fiscal sustainability, and global financial conditions. Unless domestic
geopolitical tensions materially alter these macroeconomic fundamentals or threaten insti-
tutional credibility, their effects may remain contained. In contrast, regional and bilateral
geopolitical shocks operate through cross-border trade, capital flows, and global risk channels,
making them more likely to affect sovereign and currency markets. Moreover, news-based
national GPR measures may capture the prominence of political events without necessarily
reflecting structural economic disruptions, which may further explain their limited pricing
power in this setting. However, national political risk remains a key consideration for in-
vestors when choosing between countries for their investments.

3.2.3 Impact of bilateral tensions

Table 9 presents the exposure of sovereign bond indices to the same six bilateral tensions.
The results indicate that five out of the six bilateral tensions have had a noticeable impact on
bond returns. However, Mexico-USA tensions have only negatively affected Mexican bonds
during high-volatility periods and shown a positive impact on Australian bonds during low-
volatility periods, with no statistically significant effects on other sovereign bonds. Notably,
the impact on Mexican bonds is pronounced, with an exposure of 33.4, suggesting that
increasing tensions with the USA have led to a substantial decline in Mexican bond returns
over the past six years.
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During high-volatility periods, China-USA tensions have negatively impacted Australian,
South Korean, and North American bonds, with a more pronounced effect on Canadian
bonds (—7.7) compared to US bonds (—5.0). In the low-volatility regime, China-USA ten-
sions have negatively affected Indian and Mexican bonds but positively influenced Japanese
bonds. These findings suggest that escalating tensions between China and the USA gener-
ally lead to lower returns across the affected sovereign bonds, except for Japanese bonds,
which appear to benefit, indicating a potential hedging opportunity in Japan. However, this
hedging effect disappears during volatile market conditions, as the impact of China-USA
tensions on Japanese bonds is not statistically significant in the high-volatility regime.

Table 9: Exposure of sovereign bond indices to bilateral GPR (Univariate MS model)

] GSTCHN USA ; GSTRUS UKR ; GSTMEX USA
Bond index ci/cy Ci/C; 1 ACi/C; Ci/C; 1 pCi/Cy Ci/Cy
1 2 | 1 2 | /Bl 62

United States 1.6 —-5.00 1 1.3 10.9* 0.2 0.7
Canada ~1.1 —7.7 | 3.5% 16 | —03 1.6

“France |- -12 =32 16 105 16 11
Germany -0.7 —29 | 1.7 1217 | 1.8 0.6
United Kingdom | —1.7 -3.7 1 5.0 —11 25 —4.4
Switzerland 1.1 —1.9 | 45" 70 | 18 —02

" Mexico |- —4.5%% 242 1 52 332 1 03 —334%
Brazil ~1.6 49 | 6.9 —02 |, -12 116

" Australia | - —0.6 —11.6* ' 51 02 ' 34 27
Japan 2.8 2.9 | 43 156" | 18 43
China ~0.2 -09 ' 07 0.7 ' 03 2.2
India —15% —24 |, 19*  —44 , 05 —36
South Korea 0.3 —12.0%* 1 1.2 10.0 0.8 —1.2

. GSTRUS USA | GSTCHN IND ‘ GSTIRN USA
Bond index Ci/Cy Ci/C; | 5C3/Cy Ci/C; 1 Ci/Cy Ci/Cy
1 2 | 1 62 | 1 2

United States 1.7 —2.0 ro1a —-0.4 0.6 —1.7
Canada 0.9 —6.8* | —1.2 -53 | 07 —15

" France | 1 1.0  —-22 11 06 =39 —14
Germany 1.4 —2.7 | 07 1.6 | -39 —1.0
United Kingdom 0.1 —8.6 0.2 —4.6 I —3.5" 5.6
Switzerland 2.7 —30 ,—04 73, -02 -31

" Mexico | - —2.8 148 1—43% 182 1 -12 -26
Brazil 1.0 —324* | —9.3"* 144 | -23 4.7

“Australia | ] 1.0 —10.7* "'—=20 = =52 I 24 —13.4"
Japan 2.4* 48 | 1.8 9.5 | —1.0 7.9*
China 0.1 —22  1-02 3.9* 1 05  —48
India 125 74 1.2 —64" | 0.6 —10.1%**
South Korea —-0.3 -3.9 07 —2.7 ‘ —3.3* 4.2

Reported coefficients are in units of 1074,
*kk K% and * indicate 1%, 5% and 10% significance levels.

The Russia-Ukraine conflict emerges as the most impactful among the studied tensions
on sovereign bonds. FKuropean bonds from the four countries analyzed respond positively:
French and German bonds during high-volatility periods, and Swiss and United Kingdom
bonds during low-volatility periods. North American bonds are also positively influenced by
Russia-Ukraine tensions, with Canadian bonds affected in the low-volatility regime and US
bonds in the high-volatility regime. Additionally, Australian, Indian, and Mexican bonds
exhibit positive exposure during the low-volatility regime, while Japanese bonds show pos-
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itive impacts in both regimes, with the effect in the high-volatility regime being 3.6 times
greater than in the low-volatility regime (Table 9). Notably, all these affected bonds display
positive exposure to the GPR generated by the Russia-Ukraine conflict, suggesting falling
yields (price appreciation) driven by investor demand for safe-haven assets. The timing
of this effect varies: some bonds, such as those from France, Germany, and Japan, show
this pattern primarily during high-volatility periods when investors seek safety amid market
stress, while others exhibit positive exposure during low-volatility periods, reflecting their
roles as either core safe havens or conditional refuges.

Turning to Russia-USA tensions, these positively impact Swiss, Japanese, and Indian
bonds during the low-volatility regime. However, in the high-volatility regime, they nega-
tively affect Canadian, Brazilian, Australian, and Indian bonds, with the exposure of Brazil-
ian bonds being particularly substantial. China-India tensions show no impact on North
American and European bonds but negatively affect Latin American bonds during normal
periods. In the Asia-Pacific region, rising tensions lead to declines in Indian bond returns
during normal periods, with the impact intensifying during turbulent times. Conversely,
Chinese and Japanese bonds appear to benefit from these heightened tensions. Regarding
Iran-USA tensions, French, German, UK, and South Korean bonds exhibit negative expo-
sure during normal periods, while during turbulent periods, Australian and Indian bonds
show negative exposure and Japanese bonds display positive sensitivity. Notably, Swiss and
Japanese bonds either exhibit positive exposure or no significant exposure to the six bilateral
tensions studied, reinforcing their role as safe-haven assets amid geopolitical uncertainties.

3.3 Currencies

In this study, the MS model specified in Equation (2) is employed to capture the effect
of GPR on currency returns rf'X for various countries within each region. The variable
G ST is successively replaced by G'ST/, representing the regional GPR corresponding to
the currency’s region; by GSTC, the national GPR specific to the country of the currency;

and finally by GSTtC i/ representing major bilateral tensions between countries C; and Cj.

3.3.1 Impact of regional GPR

The regime persistence results, summarized in Table 10, reveal notable variation across
regimes and regions. The low-volatility regime is highly persistent for most currencies,
with probabilities of remaining in this regime ranging from 0.9553 to 0.9952, corresponding
to average durations between 22 and 210 days. Exceptions include TRY (0.9388), HKD
(0.9313), CNY (0.9021), and INR (0.8782), which have shorter average durations of 16, 15,
10, and 8 days, respectively.

In contrast, the high-volatility regime tends to be less persistent for most currencies,
with probabilities ranging from 0.7482 to 0.9868. However, HKD and INR are exceptions,
exhibiting greater persistence in the high-volatility regime. These currencies remain in the
high-volatility regime for 34 and 18 days on average, respectively, compared to just 15
and 8 days in the low-volatility regime. Consequently, they spend more total days in the
high-volatility regime (1183 and 1163 days) than in the low-volatility regime (501 and 521
days). For JPY, the probabilities of remaining in both regimes are quite similar (0.9745 for
low-volatility and 0.9670 for high-volatility), leading to roughly balanced total days in each
regime (924 days in low-volatility and 760 in high-volatility). Additionally, ARS, CHF, GBP,
and NOK exhibit high persistence in the low-volatility regime and moderate persistence in
the high-volatility regime, resulting in relatively few total days spent in the high-volatility
regime over the six-year study period (233, 226, 135, and 88 days, respectively). It is also
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worth noting that BRL didn’t show a statistically significant probability in the low-volatility
regime.

Table 10: Regime probabilities and durations for currencies

. Low volatility regime | High volatility regime
Region  Currency o1 DN ‘ o Dy Ny RCM
NA USD 0.9894*** 94 1256 , 0.9708** 34 428 19
CAD 0.9675*** 31 1273 ' 0.9145** 12 411 34
T 77T TEURTO0.9839%F 62 1217 0.9619%F 26 467 | 25
GBP 0.9858** 70 1549 ' 0.8752*** 8 135 14
CHF 0.9613*** 26 1458 : 0.8195*** 6 226 29
Burope NOK 0.9796*** 49 1596 : 0.7482*** 4 88 13
SEK 0.9882*** 85 1125 , 0.9775* 44 559 24
PLN 0.9692*** 32 1103 1 0.9462*** 19 581 32
DKK 0.9852*** 68 1202 : 0.9653** 29 482 24
TRY 0.9388*** 16 1165 1 0.8694*** 8 519 15
o ARS 109652 20 1451 | 0.7955*** 5 233 | 5
LATAM MXN 0.9553*** 22 1231 : 0.8936*** 9 453 29
____BRL__ | 0SSST 89 116309745 39 521 | 24
AUD 0.9860*** 71 1228 | 0.9641* 28 456 23
NZD 0.9952*** 210 1229 : 0.9868* 76 455 0
JPY 0.9745*** 39 924 | 0.9670*** 30 760 19
APAC CNY 0.9021*** 10 1135 : 0.8332%** 6 549 39
HKD 0.9313*** 15 501 | 0.9703*** 34 1183 10
INR 0.8782*** 8 521 : 0.9432*** 18 1163 27
KRW 0.9708*** 34 1248 |, 0.9253*** 13 436 30
TRY 0.9388™* 16 1165 ' 0.8684*** 8 519 15

*R%** and * indicate 1%, 5% and 10% significance levels for the probabilities.

Duration is expressed in days.

N7 and N represent the total number of days spent in regimes 1 and 2, respectively, over
the analysis period.

Analyzing the parameter estimates presented in Table 11, we observe that most currencies
do not exhibit a statistically significant mean return in either regime, with a few exceptions.
This implies that, on average, there is no persistent directional drift attributable to the
regimes themselves; regime differences primarily reflect changes in volatility (since variance
switches are statistically significant in both regimes) and sensitivity to GPR. TRY, ARS, and
MXN display switching means that are significant in both regimes. For TRY and ARS, the
mean is negative in both regimes and more pronounced during the high-volatility regime, in-
dicating persistent depreciation that intensifies during turbulent periods. In contrast, MXN
has a positive mean in the low-volatility regime, which shifts to a more pronounced negative
mean in the high-volatility regime. JPY, HKD, and INR exhibit statistically significant neg-
ative means during low-volatility periods, while CHF shows a positive significant mean in
the high-volatility regime, suggesting that it tends to appreciate on average during turbulent
periods — consistent with its safe-haven status.

Exposures to regional GPR vary considerably across currencies from different regions.
In Europe and Latin America, only a few currencies are affected by their respective regional
GPRs — and only during high-volatility periods — with SEK and PLN impacted in Eu-
rope and ARS in Latin America. In contrast, North American and Asia-Pacific currencies
exhibit clearer effects. North American currencies are influenced by the North American
GPR during high-volatility periods, with a stronger absolute effect on CAD than on USD;
neither currency shows significant sensitivity during low-volatility periods. The strongest
impact is observed in Asia-Pacific, where all currencies except JPY and HKD are affected.
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CNY is impacted only in the high-volatility regime, while AUD, NZD, INR, and KRW are
negatively affected in both regimes. For AUD, NZD, and KRW, the impact in the high-
volatility regime is roughly twice as strong as in the low-volatility regime, and for INR,
it is about four times stronger. For the TRY, two simulations were conducted — one us-
ing GSTH™oPe and the other using GSTAPAC — to assess the impact of both European
and Asian GPR on currency’s returns. Results suggest that TRY is negatively affected by
both regional GPRs during low-volatility periods, with a slightly stronger effect from the
Asia-Pacific GPR. Notably, all impacted currencies show negative exposure to their corre-
sponding regional GPR, except for USD, which exhibits positive exposure during turbulent
times. This pattern is consistent with safe-haven and funding-flow dynamics that favor the
dollar during episodes of rising regional GPR. In terms of magnitude, ARS and AUD are the
most affected currencies, with exposures of —59.9 and —12.2, respectively. This implies that
during high-volatility periods, GPR shocks could lead to substantial losses in the returns of
both currencies.

Examining the variances, ARS stands out with an exceptionally high variance during
the high-volatility regime. Despite spending only 233 days in this regime over the analysis
period, the currency experienced significant stress during those times.

Table 11: MS results for currencies using regional GST

R Low-volatility regime | High-volatility regime

oSt Cumeney | (1074 51107 02104 | pp(10-) 5104 031074

NA USD 1.3 0.1 0.1 | —27 5.3% 0.47~

GST CAD 0.1 —0.6 0.1%* 1 —0.9 —8.2% (4%

oo EUR | —1.0 =04 01 | 730 =34 05

GBP 0.1 2.0 0.2%** 1 3.7 —12.4 1.3%%*

CHF -16 15 0.1%** | 15.0"*  —04 0.7+

GgpBuwope  NOK 0.0 2.2 047 1 87 ~7.0 3.7

SEK —0.9 11 0.3 | 14 —7.9* 0.8%**

PLN 0.6 —0.6 0.2* 1 —0.2 —9.2% 0.9

DKK 0.9 —0.5 0.1 | 29 -3.8 0.5%**

TRY 730 1% 0.1%* 1 —20.0*  —9.1 4.4%%%

oo ARS ~ |- 125 7702 007 T =59.2"F T 50.9°% 11637

GSTMATAM - VXN 7,34 0.3 0.2°%* | —15.3** 5.2 1.5%%

BRL | -04 -1.0 0.5 | —52 4.9 167

AUD ~0.5 6.1~ 0.2"* 17 0.1 —12.2%F T T 097

NZD -13 —4.4% 0.3 | 12 —8.5* 0.8%**

JPY — 3.7 1.6 0.1%* | 0.2 4.1 0.7+

aspapac ONY —0.1 —0.3 0.0 1 —05 —3.6* 0.2%**

HKD —0.1* 0.0 0.0 0.1 —0.3 0.0%**

INR —0.8* —1.0% 0.0 1 ~16 —4.1% 0.

KRW 1.7 —4.47 027 | 0.3 —8.2* 0.7%**

TRY —T.3 27 00 1 203 85 4,55

*ak K% and * indicate 1%, 5% and 10% significance levels.

3.3.2 Impact of national GPR

The results of currency exposures to their national GPR, presented in Table 12, reveal that
fewer countries are impacted by their local GPR compared to those influenced by regional
GPR. In North America, only the USD shows a positive exposure during high-volatility pe-
riods, suggesting that national US risk contributes to USD strength primarily during crises.
In Europe, the GBP exhibits negative exposure during low-volatility periods, while the DKK
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Table 12: Exposure of currencies to national GPR

Region  Currency | 8¢(107%)  g§(1074) | S /B
USD 0.2 6.8 29.3
NA CAD —1.0 -2.3 2.2
S EUR | =07 19 | 2.7
GBP —3.1** 1.1 0.4
CHF 0.3 9.7 36.9
Europe NOK 1.8 —-39.3 21.3
SEK —2.0 —-0.3 0.1
PLN 1.3 —7.5 5.7
DKK 0.8 —7.8%* 9.3
S ARS | 00 43 ] 1101
LATAM MXN 0.3 -3.0 8.6
BRL —1.2 3.2 2.6
S AUD | =55 T -19 | 0.3
NZD —2.4 0.1 0.0
JPY 1.8 8.3 4.6
CNY —0.2 —3.9** 24.3
APAC HKD 0.0 —-0.2 52.1
INR 0.0 —-1.0 29.2
KRW —-3.1% —-3.4 1.1
TRY —0.8 —24.5%* 29.1

*xk*¥* and * indicate 1%, 5% and 10% significance levels.

is negatively exposed during high-volatility episodes. The Asia-Pacific region shows more
impact: AUD and KRW exhibit negative exposure during low-volatility regimes, whereas
CNY and TRY are negatively exposed to their local GPR during high-volatility periods. In-
terestingly, JPY shows positive exposure to Japan’s GPR in high-volatility periods, possibly
reflecting a reinforcing safe-haven role similar to the USD but driven by domestic shocks. In
Latin America, however, no currency exhibits significant exposure to its local GPR in either
regime.

These findings suggest that local GPR effects do exist but are regime-dependent and
generally weaker or less widespread than regional effects. This implies that investors tend to
react more strongly to broader regional GPRs than to purely domestic political risks when
it comes to FX returns (refer to Remark 4 for a more detailed interpretation).

3.3.3 Impact of bilateral tensions

Table 13 presents the exposure of currencies to six major bilateral tensions. The results
indicate that bilateral tensions significantly impact currency returns, with the magnitude
and extent of this impact varying depending on the specific relationship. Among these,
China-USA tensions are the most influential across all regions, followed by Russia-USA,
China-India, and Iran-USA tensions. In contrast, fewer currencies are affected by Russia-
Ukraine and Mexico-US tensions.

Focusing on China-USA tensions, all impacted currencies exhibit negative exposure to
this bilateral risk, except for JPY and ARS, which show positive exposure during low-
volatility periods. During low-volatility regimes, the negatively affected currencies include
GBP, NOK, DKK, MXN, AUD, and NZD. In high-volatility regimes, China-USA tensions
impact CAD, SEK, PLN, AUD, CNY, HKD, and INR. Overall, 14 out of the 20 currencies
studied are affected in one or both regimes. Notably, the effect on AUD is approximately 2.5
times greater during turbulent periods. The currencies most impacted in terms of magnitude
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Table 13: Exposure of currencies to bilateral GPR (Univariate MS model)

GSTCHN USA | GSTRUS UKR ‘ GST]\JEX USA
Currency Ci/C; Ci/C; 1 5Ci/Cy Ci/C; 1 aCi/Cy Ci/C;
1 2 B By e By
USD L7 47 T -1T -02 1 —16 1.7
CAD ~1.8 -6.7° | 15 2.7 | —1.3 1.0
"BEUR | 15 =38 1+ 12 =36 o 18 -15
GBP -26* -39 | 1.0 -27 | 21  -13.6
CHF 0.2 -59 1 25 46 1 1.3 0.4
NOK —41*  —204 | 14 153 | 0.0 -2.6
SEK 0.0 —9.9" 1 —0.2 -6.6 1 3.0 4.4
PLN -1.8  —145"* | 04 -6.0 | 29 —6.5
DKK -3.6* 33 | 35 -3.0 1 21 —12
“ARS | 09 109 | 02  -19 | 03 —1281%%
MXN -39  —51 1 35" 48 1 04 -9.0
BRL__ | -05 69 | 48 10 | 14 22
AUD —-3.9%  —102° | 29 —6.7 1 04 —1.2
NZD -3.7% 87 | 44 79 127 —8.6*
JPY 2.8 0.7 40" 105 | 0.6 2.3
CNY 0.2 —47 07 0.9 ' 01 0.1
HKD 0.0 -0.3* | 0.0 —-0.4* | 0.0 —0.4*
INR —0.6 —34m 1 0.2 03 ! 06 —3.2%
KRW -0.3 -87 ., 2T -4.7 | -1.0 —4.6
TRY —0.8 —44 1 05 44 ' -16" 4.3
Currency GSTRUS USA ; GSTCHN IND ; GSTIRN, USA
51071/0]' 5201'/0]' : Blci/cj 201/01 : ﬁlcl/cj 2Ci/Cj
USD 1.3 6.2 1 05 41 1 207 2.5
CAD ~1.7 58 | —15 6.3 | 15 38
"EUR | 21 16 1+ 23 17 1 200 -13
GBP -3.0% -120 | -3.3% 42 | —2.5* 9.1
CHF 1.5 -83 1 —17 49 1 06 @ —28
NOK -2.0 187 | —5.0* 63 , 17 —263
SEK —-3.1* 101" 1 -34*  -63 1 —-3.8° -39
PLN 0.7 —145% 1 —0.2 —9.4* | —3.6*  —3.3
DKK 23 -11 1 20" -15 1 22* —09
“ARS | 05 66 | 00 69 | 0l 68
MXN -1.3 04 1 -38* —63 | -14  -83
CBRL | LU o122 ) 43t 21 =02 =32
AUD —2.6F —04% T —44™ " 47 T -11 —6.6
NZD -2.0 —5.0 | —42%  —42 | —44™ 50
JPY 2.3* 0.1 1 16 50 1 —06 4.2
CNY 0.4 20 ! —0.6 0.9 ! 07  —29
HKD 0.0 -04* | 0.0 —-04* | 00  —04*
INR 0.2 LT 097 46T 07 =53
KRW —0.1 -58 | -23 -3.2 | —22 6.0
TRY 0.1 48 1 -13  -165 | —18" 6.8

Reported coefficients are in units of 104,
*ax % and * indicate 1%, 5% and 10% significance levels.
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are PLN (-14.5), AUD (-10.2), and SEK (-9.9).

Turning to Russia-USA tensions (Table 13), these primarily affect North American cur-
rencies during high-volatility periods, with USD showing positive exposure and CAD neg-
ative exposure. In Europe, several currencies are impacted during low-volatility periods:
EUR and DKK exhibit positive exposure, while GBP and SEK show negative exposure.
Additionally, SEK and PLN display negative exposure during high-volatility periods. In
Latin America, BRL is the only currency affected, and only during high-volatility regimes.
Within the Asia-Pacific region, AUD is negatively exposed to Russia-USA tensions in both
regimes, with the impact during the high-volatility regime nearly four times greater than
in the low-volatility regime. JPY shows positive exposure during low-volatility periods,
whereas HKD is negatively exposed during high-volatility periods.

Regarding China-India tensions, their impact is more pronounced during normal periods,
affecting ten currencies: EUR, GBP, NOK, SEK, and DKK in Europe; MXN and BRL in
Latin America; and AUD, NZD, and INR in Asia-Pacific. However, during turbulent periods,
only four currencies show exposure to these bilateral tensions: CAD, PLN, HKD, and INR.
All of these currencies exhibit negative exposure except for EUR and DKK. Notably, INR’s
exposure increases by 4.5 times during high-volatility regimes.

Similarly, Iran-USA tensions exert a greater impact during low-volatility periods, affect-
ing nine currencies: USD, EUR, DKK, and INR exhibit positive exposure; while GBP, SEK,
PLN, NZD, and TRY show negative exposure. During turbulent periods, only HKD and
INR are negatively impacted. Notably, the magnitude of the impact on INR increases by
approximately 7.5 times during high-volatility regimes.

Turning to Russia-Ukraine tensions , the effects are more pronounced during low-volatility
regimes. These tensions have no significant impact on North American currencies and only
a mild influence on European and Latin American currencies during normal periods, with
CHF showing positive exposure and DKK negative exposure in Europe, and MXN being the
sole affected currency in Latin America. In contrast, Asia-Pacific currencies are more sensi-
tive to these bilateral shocks: NZD and KRW exhibit positive exposure during low-volatility
regimes; HKD shows negative exposure during turbulent periods; and JPY displays posi-
tive exposure in both regimes, with a notably significant magnitude during high-volatility
periods (10.5).

Finally, Mexican-USA tensions (Table 13) have the least impact on currencies, with only
seven currencies affected. During normal periods, EUR and DKK exhibit positive exposure,
while TRY shows negative exposure. In high-volatility regimes, a negative impact is observed
on ARS in Latin America, as well as on a few Asia-Pacific currencies — NZD, HKD, and
INR. Notably, the impact on ARS is substantial (-128.1), representing the largest exposure
among all affected currencies across the six bilateral tensions studied.

The above findings identify a group of five relatively resilient currencies — USD in
North America; EUR and CHF in Europe; and JPY and KRW in Asia-Pacific — standing
out as exhibiting either positive or no statistically significant exposure to the six bilateral
tensions studied. These currencies may be considered relatively safe investments during
major bilateral tensions and can serve as defensive allocations or hedges. Conversely, DKK,
MXN, and NZD display mixed exposures — both negative and positive — or no significant
exposure, suggesting that investment decisions involving these currencies should be tailored
to the specific bilateral tension and prevailing regime. The remaining currencies either show
no systematic response or weaken in response to heightened bilateral tensions, underscoring
the importance of regime-aware hedging and tension-specific stress testing when managing
FX exposures.
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3.4 Commodities
3.4.1 Impact of regional GPR

Since commodities are not tied to any specific country or region, this section examines
whether the four regional GPRs influence the returns of 12 commodities using a multivari-
ate MS model similar to the one in Equation (3), incorporating the four regional GSTs
simultaneously.

The results in Table 14 demonstrate good regime classifications, with RCM values ranging
from 3 to 52 and most values below 37, indicating that the model effectively distinguishes
between the two regimes. The persistence probabilities indicate that most commodities
tend to remain longer in the low-volatility regime than in the high-volatility regime, with the
exceptions of natural gas and aluminium. Persistence within each regime varies significantly.
The probability of remaining in the low-volatility regime generally ranges from 0.9174 for
Coal to 0.9947 for crude oil WTI, corresponding to average durations of 12 and 88 days,
respectively. For the high-volatility regime, persistence probabilities generally span from
0.7165 for copper to 0.9965 for natural gas, with average durations between 4 and 282
days. Outside these ranges, silver exhibits relatively low persistence, with probabilities of
0.8172 and 0.5157 in the low- and high-volatility regimes, respectively, indicating frequent
regime shifts (average durations of 5 and 2 days, respectively). Similarly, coal shows low
persistence in the high-volatility regime, with a probability of 0.5924 of remaining in that
state, corresponding to an average duration of 2 days. Additionally, the findings reveal that
natural gas predominantly remains in the high-volatility regime, spending a total of 1,190
days in that state over the past six years. The probability of natural gas being in the low-
volatility regime, as well as the corresponding parameter estimates (reported in Table 15)
are statistically insignificant.

Table 14: Regime probabilities and durations for commodities

. Low volatility regime | High volatility regime
Commodity . DN 1 Do Dy Ny RCM
Gold 0.9445*** 18 1390 | 0.8071*** 5 275 37
Metals Silver 0.8172%** 5 1399 : 0.5157*** 2 266 52
Copper 0.9808*** 52 1596 | 0.7165™** 4 69 12
Aluminium 0.9415** 17 745 ' 0.9504*** 20 920 34
TT 7777777 Crude Ol WTT | 0.9947*% “188 ~ 1582 | 0.9061% 11 83| 3
Energy Crude Oil Brent | 0.9789*** 47 1463 : 0.8735%** 8 202 15
Natural Gas 0.9920 126 475 |, 0.9965*** 282 1190 6
Coal 0.9174*** 12 1427 ' 0.5924*** 2 238 18
" Wheat | 0.9858™F ~ 71~ 1370 | 0.9372* 16 295 | 19
Agricultural Corn 0.9711*** 35 1524 : 0.7855%** 5 141 17
Soybeans 0.9889** 90 1388 |, 0.9487*** 19 277 17
Coffee 0.9490*** 20 1172 ' 0.9053** 11 493 52

*ax % and * indicate 1%, 5% and 10% significance levels for the probabilities.
Duration is expressed in days.
N1 and N3 are the total number of days spent in regimes 1 and 2, respectively, over the analysis period.

Examining the model parameters in Table 15, we find that commodities generally do
not display significant trend components. Only gold, copper, and crude oil brent exhibit
statistically significant mean returns during low-volatility periods, while coffee is the only
commodity with a significant mean return in high-volatility periods. The variance estimates
show that all commodities — except natural gas, as previously noted — exhibit switching
variances between the two regimes.
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Regarding exposure to regional GPR, commodities appear largely unaffected. During
normal periods, the influence of regional GPR is limited, with each region impacting only one
commodity: silver and wheat show positive exposure to North American and Latin American
GPR, respectively; crude oil brent and copper exhibit negative exposure to European and
Asia Pacific GPR, respectively. During turbulent periods, a larger number of commodities
display sensitivity to regional GPR, though the number remains modest. Metals show
no exposure to regional GPR under high volatility conditions. Among energy products,
crude oil WTT is positively impacted by North American GPR, with a substantial exposure
reaching 484.8. Natural gas exhibits negative exposure to North American GPR and positive
exposure to Asia Pacific GPR. For agricultural products, wheat shows negative exposure to
North American GPR and positive exposure to European GPR, while soybeans are positively
influenced by European and Latin American GPR and negatively by Asia Pacific GPR.

3.4.2 Impact of bilateral tensions

Table 16 reports the estimated exposures from the multivariate MS model assessing the
effect of bilateral tensions on commodities returns. The Russia-Ukraine conflict emerges as
the most influential, affecting commodities across all categories. Metals generally show pos-
itive exposure to these tensions, with gold, copper and aluminium impacted during normal
periods, while silver is affected during turbulent periods. Among energy products, crude
oil brent experiences a substantial negative exposure during high-volatility periods, reflect-
ing pronounced declines in returns when tensions intensify. For agricultural commodities,
wheat appears to benefit from these tensions during normal periods, whereas soybeans dis-
play negative exposure in the same regime. Iran-USA tensions also exert notable effects on
metals and energy products. In low-volatility regimes, gold, silver and natural gas exhibit
positive exposures. During high-volatility periods, both crude oil contracts display substan-
tial positive exposures (324.9 for crude oil WTI and 103.0 for crude oil brent), while coal
is strongly negatively affected. China-USA tensions have a more moderate influence, pri-
marily on metals and energy commodities. Gold and silver show negative exposure during
the low- and high-volatility regimes, respectively. However, both crude oil contracts exhibit
positive exposure during normal periods, suggesting that rising China-USA tensions tend
to push crude oil prices higher. China-India tensions negatively affect copper and both
crude oil contracts during normal periods, while coffee is positively affected during turbu-
lent periods. In contrast, Mexico-USA and Russia-USA conflicts have minimal effects on
commodity markets. Mexico-USA tensions positively influence only coal during turbulent
periods, while Russia-USA tensions negatively affect copper during normal periods. Over-
all, the findings indicate that metals and energy products are the commodity groups most
sensitive to bilateral geopolitical tensions.

A second simulation was conducted using 7-day lagged bilateral GST series, with the
corresponding results reported in Table A5 on page 42. These findings indicate that several
commodities previously identified as sensitive to contemporaneous bilateral tensions con-
tinue to be affected days later. For example, gold maintains a negative exposure to China-
USA and a positive exposure to Russia-Ukraine tensions during low-volatility regimes, and
additionally shows positive exposure to China-USA tensions during high-volatility periods.
Other commodities, such as silver, exhibit a shift from negative to positive exposure in high-
volatility regimes in response to China-USA tensions. This pattern suggests that escalating
tensions may initially depress silver returns before eventually supporting them.

Some commodities respond only with a seven-day delay. Silver, in particular, exhibits
exposure to China-USA (in low-volatility periods), Mexico-USA, Russia-USA, and China-
India tensions across one or two regimes. Other affected commodities include copper, which
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Table 16: Exposure of commodities to contemporaneous bilateral GPR (Multivariate MS
model)

] GSTCHN USA ‘ GSTRUS UKR ; GSTMEX USA
Commodity /BIC’Z/C] ﬁgcl/cj : /Blci/cj /8201/0] : 516‘7:/07- 5207:/07‘
Gold =53  —0.7 1 7.3* 9.3 1 3.1 —11.5
Silver —-1.0  -341% | 65 40.9* | —4.0 -7.1
Copper 3.1  —415 9.9 —66.2 1 1.3 —27.2

_Aluminium _ _ 26 —-12 | 93" -162 | 41 70__ .
Crude Oil WTI 11.6* —135.0 | 6.6 —1799 1 -35 —118.1
Crude Oil Brent | 11.0** —30.3 : 9.6 —94.3* : —4.0 5.2
Natural Gas —-8.1 0.8 1+ —6.5 -182 | -1.7 —15.3

JCoal ) 01 127 | -07 649 | 14 126277
Wheat —0.6 7o 12 13.2 5.7 19.7
Corn 0.7 =251 : —-2.9 -5.3 : 0.3 24.8
Soybeans 23 =204 , -—85* 316 |, —-1.3 7.8
Coffee 24 118 ' =59 -11.3 ! 2.0 13.4
G Lt GSTRUS USA ; GSTCHN IND | GSTIRN USA

ommodi
Y CilCs  pOi/Ci 1 gOi/G;  Gi/Cy 1 Ci/Cy /O
Gold 2.6 5.8 1 1.8 11.8 1 10.0%** —-1.2
Silver —0.2 -0.7 | 23 182 | 110 13.8
Copper —-10.1**  50.9 9.8%** 1.7 1+ —1.2 —45.5
Aluminium -3.0 9.9 ! -—27 -8.0 | 41 —-3.3

" Crude Ol WTT | —6.7 —831 . —17.1"** —31 | 81 3249
Crude Oil Brent | —7.0 0.1 : —14.4*** 4.5 : 7.2 103.0**
Natural Gas 19.0 6.4 7.4 16.8 | 23.2% 3.7

Coal | 16 337 | 21 35 | 23 -89
Wheat -6.0 —-231 | —-54 9.0 0.5 4.7
Corn —44  -179 : —2.2 23.3 : —4.2 47.4
Soybeans —-2.1 -8.0 , =31 -10.9 2.4 0.8
Coffee 0.1 —-259 ' —9.2 45.8* 1 —1.1 17.1

Reported coefficients are in units of 10~%.
ok #% and * indicate 1%, 5% and 10% significance levels.

shows positive exposure to China-India tensions and a substantial positive exposure (120.2)
to Iran-USA conflicts during high-volatility periods; aluminium, which experiences nega-
tive exposure to Russia-USA tensions and positive exposure to Iran-USA tensions in tur-
bulent periods; crude oil WTI, which is strongly negatively affected (exposure of —316.0)
by Russia-USA tensions during high-volatility periods; coal, which benefits from Russia-
Ukraine tensions but is negatively impacted by Russia-USA tensions during normal periods;
and coffee, which suffers during normal period from China-India tensions and benefits from
China-USA and Russia-USA tensions during high-volatility regimes. Soybeans also exhibit
negative exposure to Mexico-USA tensions during normal periods. Overall, these results
underscore that geopolitical tensions between countries can exert persistent and delayed
effects on commodity markets, extending well beyond the immediate period of heightened
tensions.

It is important to mention that the regime-dependent response of gold to China-USA
tensions refines rather than contradicts its safe-haven role. In fact, the negative exposure
observed in the low-volatility regime suggests that when markets remain stable and volatil-
ity is contained, geopolitical tensions are absorbed as part of normal risk re-pricing rather
than as broad-based market threats. In such environments, investors continue to differenti-
ate across assets and maintain exposure to risk-bearing positions, limiting the demand for
defensive assets such as gold. As a result, contained geopolitical rivalry may coincide with
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relative underperformance of gold. By contrast, in the high-volatility regime, geopolitical
tensions become embedded within broader market stress, prompting a shift away from risky
assets toward stores of value. The switch to a positive exposure in this regime is therefore
consistent with gold functioning as a hedge against severe or tail-risk episodes, rather than
against all forms of geopolitical uncertainty.

4 Discussion

4.1 Key findings

This study documents several robust and economically meaningful patterns in the way
geopolitical risk (GPR) is transmitted across global financial markets. First, GPR is pri-
marily priced when it materializes at the regional or bilateral level, rather than at a purely
national level. For equities, regional GPR exerts a strong negative influence across most
markets, with exposures that intensify markedly during high-volatility regimes. This ampli-
fication is particularly pronounced in Europe and Asia-Pacific, where sensitivities increase by
more than six times and eight times, respectively. These results underscore the heightened
vulnerability of these regions to geopolitical shocks and highlight the dominant role of re-
gional spillovers in shaping equity returns. Extreme regional GPR shocks — defined as events
exceeding three standard deviations — generate returns clustering around zero, consistent
with the interpretation that severe geopolitical stress primarily reflects heightened uncer-
tainty rather than directional risk premia. In contrast, national GPR has limited explana-
tory power, suggesting that domestic political shocks are largely absorbed within broader
regional indices. This distinction indicates that equity markets respond more strongly to
geopolitical developments that threaten regional stability and global value chains than to
idiosyncratic domestic political risk, which is likely diversified away or already incorporated
into prices. Bilateral tensions further refine the understanding of geopolitical transmission.
Among the six bilateral relationships studied, China-USA tensions emerge as the most eco-
nomically significant driver of regional equity returns, reflecting the systemic importance of
the two largest global economies and the central role of their relationship in global trade and
production networks. Secondary but still economically meaningful effects are observed for
China-India and Russia-USA tensions. Notably, bilateral shocks tend to exert effects during
low-volatility regimes, suggesting that GPR is priced more clearly during normal market
conditions than during crisis periods. Other tensions, such as Russia-Ukraine, Iran-USA,
and Mexico-USA, display more region-specific or limited effects, indicating that geopolitical
disputes do not transmit uniformly across asset markets. Overall, bilateral tensions give
rise to a negative GPR premium for equities, with the notable exception of certain Latin
American markets that display positive exposures in response to Russia-Ukraine conflicts.

Sovereign bond markets exhibit a different yet complementary pattern. Among the four
regions, Asia-Pacific bonds are particularly sensitive to regional GPR shocks, with all mar-
kets affected except China and with exposures that are predominantly negative — Japanese
bonds being the main exception. This pattern reflects declining bond returns during peri-
ods of heightened regional tension. Outside Asia-Pacific, sovereign bonds generally display
limited sensitivity to regional GPR, with notable exceptions such as Swiss and Canadian
bonds. At the national level, sovereign bond indices are largely unaffected by GPR, re-
inforcing the view that country-specific political shocks are either anticipated or already
embedded in bond prices. While national GPR generally exerts only a minor influence
on bond returns, the significant positive exposure of Swiss and Japanese bonds to their
respective national GPRs during high-volatility regimes points to idiosyncratic safe-haven
effects under conditions of elevated geopolitical stress. Importantly, these responses remain
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exceptions rather than systematic features of bond markets. By contrast, bilateral GPR
emerges as the most economically meaningful source of GPR in sovereign bond markets. All
bilateral geopolitical tensions significantly affect bond returns, with the notable exception of
the Mexico-USA relationship. In particular, the Russia-Ukraine conflict generates positive
exposures across affected countries, consistent with flight-to-quality dynamics. European
bonds tend to exhibit positive or neutral exposure to most bilateral tensions, except in the
case of Iran-USA tensions, where exposures turn negative. Finally, Swiss and Japanese
bonds consistently display positive or insignificant exposures across regional, bilateral, and
national GPR measures, confirming their defensive and safe-haven characteristics.

Foreign exchange markets display differentiated responses depending on both currency
and regime. Certain currencies, such as HKD and INR, exhibit persistent high-volatility
states, indicating prolonged periods of stress and suggesting that elevated volatility should
be modeled as a persistent regime rather than as a transitory shock. Regional GPR exerts its
strongest influence on Asia-Pacific currencies, with AUD, NZD, INR, and KRW consistently
exhibiting negative exposures. In contrast, North American currencies (CAD and USD) dis-
play heightened sensitivity primarily during high-volatility regimes. Regional geopolitical
shocks trigger a broad depreciation of currencies against the US dollar, which systematically
appreciates in line with its safe-haven role. National GPR effects are generally weaker and
regime-dependent, with positive exposures concentrated in domestic safe-haven currencies
such as the USD and JPY. Bilateral tensions — most notably China-USA, China-India, and
Russia-USA — also exert significant effects on FX returns, but the effect is heterogeneous
across currencies and regimes. A subset of currencies, including USD, EUR, CHF, and JPY,
demonstrates notable resilience, consistently exhibiting neutral or positive exposures across
regional, bilateral, and national GPR measures, highlighting their potential role as defensive
assets in periods of geopolitical stress. Beyond these safe-haven currencies, heterogeneity
remains substantial. DKK, MXN, NZD, and KRW display mixed exposures across regimes
and sources of GPR, implying that FX positions in these currencies require more tailored
and tension-specific investment strategies. By contrast, the remaining currencies are pre-
dominantly characterized by negative exposures to GPR, underscoring the importance of
regime-aware hedging and tension-specific stress testing when managing foreign exchange
portfolios.

Commodity markets exhibit generally muted sensitivity to regional GPR, with statisti-
cally significant effects emerging primarily during high-volatility regimes. Energy products
(crude oil WTI, natural gas) and agricultural commodities (wheat, soybeans) display the
strongest responses to regional GPR shocks, whereas metals remain largely unaffected. Bi-
lateral geopolitical tensions generate more heterogeneous effects across commodities, with
the Russia-Ukraine and Iran-USA conflicts emerging as the most influential. These tensions
primarily affect energy and metal markets and, in some cases, give rise to persistent or
delayed responses. An analysis of lagged exposures confirms that geopolitical shocks can
influence commodity returns beyond the immediate tensions period, underscoring the impor-
tance of accounting for temporal spillovers in both risk assessment and portfolio planning.
By contrast, agricultural commodities appear to be the least sensitive to bilateral GPR,
suggesting a comparatively lower exposure to direct geopolitical disruptions. Overall, these
findings highlight meaningful differences in geopolitical exposure across commodity classes,
driven by variations in market structure, production concentration, and degrees of global
integration.
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4.2 Implications for portfolio management

These findings carry important practical implications for portfolio construction, risk man-
agement, and asset allocation under geopolitical uncertainty. First, the study highlights
the necessity of distinguishing between different dimensions of GPR. Treating GPR as a
single and homogeneous factor may lead to a misestimation of risk exposures, as markets re-
spond very differently to regional, bilateral, and national shocks. Portfolio strategies should
therefore emphasize regional and bilateral GPR indicators, which carry stronger and more
systematic pricing effects. It is also important to integrate multidimensional GPR metrics
into portfolio risk frameworks, so that investors can gain a richer understanding of both
direct and indirect channels through which GPR affects asset returns. This approach sup-
ports more informed asset allocation, dynamic risk management, and scenario-based stress
testing, ultimately enhancing portfolio robustness in an increasingly uncertain geopolitical
environment,.

Second, the evidence of regime-dependent sensitivities underscores the importance of
incorporating dynamic risk models that adjust exposures to geopolitical shocks according
to market conditions. Investors should recognize that the pricing of GPR differs markedly
between low- and high-volatility periods, and that strategies effective during calm periods
may not be robust during crises. For currencies such as HKD and INR, where high volatility
is persistent, portfolio managers should treat stress regimes as a baseline source of risk
rather than as rare events. These insights support the implementation of dynamic allocation
strategies, regime-aware hedging, and stress-testing protocols that are explicitly tailored to
the persistence and intensity of geopolitical shocks.

Third, the heterogeneous effects of bilateral tensions emphasize the value of conflict-
specific portfolio adjustments. Not all geopolitical tensions transmit equally across regions
or asset classes; for example, China-USA tensions affect a broad range of assets, whereas
Mexico-USA tensions have minimal impact. Portfolio managers can leverage this knowledge
to implement targeted hedges, optimize risk-adjusted exposures, and prioritize monitoring
of high-impact geopolitical relationships. Moreover, the persistence and delayed effects ob-
served in commodities suggest that investment decisions should consider lagged responses,
allowing managers to anticipate secondary market reactions and adjust positions proactively.

Fourth, the identification of safe-haven assets across the four asset classes provides clear
guidance for constructing resilient multi-asset portfolios. Japanese and Swiss bonds, along
with USD, EUR, CHF, JPY, and Gold, emerge as consistent buffers against geopolitical
shocks, offering protection during periods of elevated uncertainty. Their inclusion enhances
portfolio robustness by reducing tail risk and stabilizing returns during geopolitical stress.
Similarly, the positive bond market responses to specific tensions, such as Russia-Ukraine,
point to potential hedging roles for sovereign bonds under certain geopolitical stress scenar-
ios. On the other hand, the heterogeneous exposure of regions and assets to GPR creates
scope for tailored currency and fixed-income strategies. Portfolios heavily exposed to Asia-
Pacific equities, bonds, and currencies (except for JPY), as well as energy markets — iden-
tified as particularly vulnerable — can benefit from dynamic allocations toward resilient
currencies and sovereign bonds. This targeted use of defensive assets allows investors to
mitigate GPR while preserving strategic return objectives.
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5 Conclusion

This study assesses the effects of geopolitical risk (GPR) on global asset returns across
equities, sovereign bonds, foreign exchange, and commodities, considering multiple GPR
dimensions. Using a two-regime Markov-switching framework, we show how the impact of
geopolitical shocks varies across low- and high-volatility regimes. Relative to the existing
literature, the paper advances GPR analysis by jointly integrating regional GPR, national
GPR, and six major bilateral tensions within a unified, regime-dependent framework, offering
a dynamic and multidimensional view of GPR transmission across asset classes.

The empirical results reveal pronounced heterogeneity in how geopolitical shocks are
priced. Markets primarily price regional GPR and bilateral tensions, while national GPR
plays a limited role. GPR pricing is strongly regime-dependent, with exposures differing
markedly between calm and stress periods, and some assets exhibiting lagged responses,
indicating that transmission may extend beyond the immediate shock. The analysis also
identifies a set of defensive assets that remain resilient to geopolitical shocks and can serve
as effective hedging instruments. Overall, these findings show that incorporating GPR into
asset pricing and portfolio management requires a granular, regime-aware, and asset-specific
approach. Although GPR is partially incorporated into asset prices, this integration is
neither uniform nor systematic across assets, regions, or volatility regimes, highlighting the
limitations of aggregate GPR measures and static modeling assumptions.

While quantitative, news-based GPR measures provide a systematic and comparable
framework, they may not fully capture the complex, multifaceted nature of geopolitical ten-
sions. The complexity of geopolitical events suggests that purely quantitative indicators may
overlook important contextual and narrative dimensions. Future research could therefore
combine quantitative indicators with qualitative or narrative-based approaches and event-
study methodologies in order to capture both the intensity and the context of geopolitical
shocks, along with their timing and transmission channels.

By explicitly accounting for multiple sources of GPR, this paper identifies asset-specific
vulnerabilities, safe-haven instruments, and key transmission dynamics, providing practical
tools for constructing, adjusting, and stress-testing resilient portfolios in an increasingly
geopolitically uncertain global environment.
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A Results

Add the correlation and stationarity results of GST local and bilat.

Table Al: ADF test results on equity indices and GST

Equity index Test Statistic | GPR index  Test Statistic
MSCI NA —12.56%** GSTNA —17.70%**
MSCI Europe —15.22%** GSTEurope —18.55%**
MSCI LATAM ~ —14.36*** GSTLATAM —26.29***
MSCI APAC —26.78*** GSTAPAC — 2347

*Ak K% and * indicate 1%, 5% and 10% significance levels.

Table A2: Correlation and VIF test results of equity indices and GST

prscin/csti 1« VIFysci,csTr
MSCI NA —0.06 I 1.00
MSCI Europe —0.11 } 1.01
MSCI LATAM 0.02 I 1.00
MSCI APAC —0.16 ‘ 1.03

Figure Al: Correlation among GST%

1.0
\;?‘
Og’\ 0.9
-0.8
x"Qe
& -0.7
1oL
-0.6
3
]
& 05
G
-04
¢
&
<7 0.3
&
0.2

G SITNA G STIEurope G STLATAM G STAPAC

B Studies on regional GST

To study the behaviour of the GST under a two-regime framework, a two-order autoregres-
sive MS is applied to the timeseries:

. g ~ N(0, 0%
GSTtR — ust+¢§t (GSTtIil — ,U'St—1)+¢2st <GSTt132 - ,uSt_z)‘FEt with {St ] ; St)
t— 4L

9)
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Table A3: Magnitude of regional equities’ exposures to bilateral tensions (Univariate MS

model)

Table A4: Exposure of regional equity indices to bilateral GPR (Multivariate MS model)

Spread

10 1

o

|
N
L

—44

Equity index

GSTCHN USA
Ci/Cj ; 7Ci/Cy
|85/ 7

; GSTRUS UKR
Ci/C; 1 5Ci/C
|ag 8

Ci/C;  2Ci/Cy
|as < 87

K GSTIWEX USA

MSCI NA
MSCI Europe
MSCI LATAM
MSCI APAC

24
6.4
13.0

I .

} 30.4
[ 5.5
! 9.3

|
|
|
|
|
L

9.4
6.4
4.3
31.7

GSTRUS USA

; GSTCHN/IND

T
|

GSTIRN USA

Equity index gl/Cj /ﬂfi/oj : ’5201-/63 //Bfl/Cj : ‘/Bzcl/q /5?i/0j
MSCI NA . ! 14.9 ! 1.9
MSCI Europe 2.5 } 2.5 } 5.1
MSCI LATAM 33.5 ! 0.7 ! 6.4
MSCI APAC 9.2 ! 6.1 | 640.1

GSTCHN/USA ; GSTRUS/UKR ; GSTMEX/USA

Equity index C/Cs  pO/Cs 1 gOi/Cs  gCi/C 1 gOi/Cs  gCIC,
MSCI NA —-2.9 —-11.7 + 24 -94 1 08 -9.3
MSCI Europe —9.3*** —11.3 : 4.9 0.0 : 5.9  —11.8
MSCI LATAM | —-2.5 —-33.2 , 11.3** =274 | 4.8 16.0
MSCI APAC 7.9 758 ' 69" -369 ' 4.0° -33.6
GSTRUS USA ; GSTCHN IND ; GSTIRN, USA

T Ci/C; Ci/Cy Ci/C; C,/C; Ci/C; Ci/C;
Equity index By / By / l By / Ba / l By / Ba /
MSCI NA —6.6** 123 1+ 14 —5.6 1 —0.1 8.5
MSCI Europe —7.2%*  -3.3 : —4.9* —10.8 : 1.4 —10.1
MSCI LATAM | —3.5 —58.8 | —9.3** 215 | —14 49.8
MSCI APAC | —3.6 42 ' -T4" 584 1 39  —5LT

Reported coefficients are in units of 10~%.
Rk *¥* and * indicate 1%, 5% and 10% significance levels.

Figure A2: Bonds’ spreads across low- and high-volatility regimes
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Table A5: Exposure of commodities to 7-day-lagged bilateral GPR (Multivariate MS model)

GSTCHN USA GSTRUS UKR GST]\/IEX USA

. |
Commodity O/ gCi/Cs 1 gC/Cs  gOi/Cy 1 gCi/Cs G/
Gold —6.5** 16.7* 1+ 6.3* -6.3 1 —1.7 —10.2
Silver —12.0*  30.8* | 2.7 —121 | 9.2 —46.6*
Copper —-24 —-133 1+ 23 —-696 1 —-1.5 —15.7
Aluminium —1.8 1.9 ' 5.0 -9.5 : 2.8 —4.4
" Crude Oil WTTI | —6.8 1286 1 —2.6 556 1 —50 —650
Crude Oil Brent | —5.8 45.3 : 1.7 —4.8 : -0.7 =549
Natural Gas -3.0 =302 | —6.7 67.8 | 16.8 —16.2
e 14 —745 | 597 ~1088 | 00 —467
Wheat —0.1 381 | =77 153 1 5.0 10.6
Corn —0.1 —-21.3 : -3.8 —-04 : 0.1 —10.6
Soybeans -1.3 14.2 | =25 13.0 , =5.7* 11.5
Coffee -7.3 4311 88 =360 ' 22 —6.9
. GSTRUS USA ; GSTC’HN IND | GSTIRN USA
Commodity BO/Cs OOy 1 gCiCs  gCHCs 1 gCHCs  gCi/Cy
Gold 4.8 25 1 1.1 11.9 1+ —4.0 6.8
Silver 124 —324 | —15 347" | 07 11.3
Copper 1.7 -90.1 1+ 1.5 65.3* 1 —1.5 120.2*
Alminium | 25 225 | =35 123 | 83 188"
Crude Oil WTI 74 -=316.0" | —1.8 694 1 —4.8 11.5
Crude Oil Brent 3.5 =306 | —28 10 | -83 59.7
Natural Gas 8.2 —-52.1 | 16.0 264 | —8.1 50.0
S 627 351 | 29 215 | 25 480
Wheat 7.0 431 1 22 241 1+ 3.9 —4.5
Corn 3.2 —27.4 : 4.2 32.0 : 1.2 —-2.0
Soybeans —-2.3 -13.0 |, 3.0 13.2 |, 4.6 6.2
Coffee 4.1 40.3* '—12.7* 11.8 ' =5.0 —17.7

L

Reported coefficients are in units of 1074,
*ak A% and * indicate 1%, 5% and 10% significance levels.
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where GST? is the GPR shock for region R, ug, is the mean shock corresponding to regime
S at time t, ¢lst and (;52& are the first- and second-order regression coefficients of regime 5,
€ is the error term, and a?gt is the variance of the error term in regime S.

Table B1: Regime probabilities and durations of regional GSTs

Low-volatility regime | High-volatility regime
GST* P11 D, N ! P22 Dy Ny
GSTNA 0.9514** 21 1528 , 0.7006*** 3 157
GSTEwope | 08746 & 1500 ' 0.5294*** 2 185
GSTEATAM | (8986 ¢ 1533 | 0.0025*** 1 152
GSTAPAC ] 0.9246** 13 1579 ! 0.3951*** 2 106

koksk  kk
)

and * indicate 1%, 5% and 10% significance levels for the prob-
abilities.

Duration is expressed in days.

N; and N2 represent the total number of days spent in regimes 1 and
2, respectively, over the analysis period.

Table B1 reveals that regional GST exhibits limited persistence overall, but it tends to
remain longer in the low-volatility regime compared to the high-volatility regime across all
regions. In particular, the low-volatility regime shows strong persistence in North America
and Asia Pacific, with probabilities of staying in this regime at 0.9514 and 0.9246, respec-
tively. Europe and Latin America also demonstrate notable persistence, with respective
probabilities of 0.8746 and 0.8286. On the other hand, the high-volatility regime is much
less stable. The likelihood of remaining in this regime once entered is considerably lower:
0.7006 in North America, 0.5294 in Europe, 0.3951 in Asia Pacific, and only 0.0025 in Latin
America.

Correspondingly, the duration of high-volatility periods is quite short, lasting only a few
days—3 days in North America, 2 days in Europe and Asia Pacific, and just 1 day in Latin
America. In contrast, the low-volatility periods persist much longer, averaging 21 days in
North America, 13 days in Asia Pacific, 8 days in Europe, and 6 days in Latin America
(Table B1).

Table B2: MS results of regional GSTs

Low-volatility regime High-volatility regime
GST* pa 1 i o t2 b3 5 o3

GSTLATAI\/I —0.08%** —0.19%** —(.13%** 0.33***

|
|
GST™A —0.007% —0.367 0217 0.397% | 02677 0467  —0.36"" 257
|
|
|
GSTAPAC | —0.10**  —0.30"**  —0.15***  0.29*** |

—-0.43**  —0.15"**  —0.01 5.45%**
0.35***  —0.95"*  —0.64""* 2.29"**

*xx*¥* and * indicate 1%, 5% and 10% significance levels.

The results of the MS model, presented in Table B2 indicate that regional GSTs exhibit
a mean, variance, and two autoregressive coefficients that switch between low- and high-
volatility regimes. The exception is the Latin American GST, which shows a second-order
autoregressive coefficient only in the low-volatility regime. Notably, the daily variance is high
even in the low-volatility regime, reflecting the substantial volatility of regional news-driven
GPR shocks. All four regional GSTs display a negative mean in the low-volatility regime,
which shifts to a positive mean in the high-volatility regime — except for the Latin American
GST, which maintains a negative, but more pronounced, mean across regimes. Examining
the autoregressive coeflicients, both are negative in each regime, suggesting that regional
GSTs are negatively influenced by their first- and second-lagged values, with a tendency to

43



reverse direction from one day to the next. The magnitude of this autocorrelation ranges
from moderate to strong, between —0.13 and —0.95.

Table B3: Correlation between the dominant regimes and regime probabilities of regional
GST with regional equity indices

Region P Dominant index regime ; P Index regime probability
Dominant GST regime + GST regime probability

North America 0.0007 | —0.0044

Europe 0.0002 : —0.0160

Latin America 0.0525 | —0.0264

Asia Pacific 0.0091 ‘ —0.0095

Examining the results of the MS model applied to regional GST in this section and those
of the MS model applied to regional equities in Section 2.3, we find no significant correlation
between the dominant regimes of regional GST and the dominant regimes of equities within
the same region, with correlation values close to zero (Table B3). Similarly, there is no
meaningful correlation between the switching probabilities of regional GST and those of the
corresponding regional equities.

C An alternative modeling approach for sovereign bonds
using spread-based regimes

In this section, we propose an alternative approach to analyze sovereign bonds within a
two-regime framework. Since spreads are commonly used to assess bond risk, we adopt a
method in which the regime at time ¢ is observed and identified deterministically based on
the level of the bond’s spread at that time. In this specification, regime switching does
not follow a Markov process; instead, transitions are imposed by a spread threshold. The
threshold is defined as the 75'" percentile of the spread time series for each bond index. This
choice is motivated by the fact that models estimated with this threshold exhibit the lowest
AIC and BIC among the alternatives tested. Observations below this threshold are classified
as belonging to a low-risk regime (represented hereafter as low-spread regime), while those
above it correspond to a high-risk regime (represented hereafter as high-spread regime). The
datasets are therefore divided into two subsets — one for each regime — and the parameters
are estimated using ordinary least squares (OLS) regressions with a heteroskedasticity-and-
autocorrelation-consistent (HAC) estimator!?. The regressions equations mirror those of the
autoregressive MS model of Hamilton (1989):

rS = us, + Bs,GST; + bs, (T£1 — S,y — 5St71G5Tt71) + e (10)

. 1, if spread < 75'" percentile,
with St = .
2, otherwise.

Remark 5. Another alternative approach consists of applying a simple MS model with
switching means and variances directly to bond spreads to identify distinct spread regimes.
Bond returns can then be divided into two subsets corresponding to these regimes, and the
exposure of sovereign bonds to GPR can be assessed separately within each regime through
two regressions — one for each spread regime.

12The HAC estimator used is the Newey-West estimator (Newey and West, 1994).
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C.1 Impact of regional GPR

Table C1 presents the regime probabilities and average durations under the imposed spread-
regime model. The results indicate that all bond indices exhibit greater persistence in the
low-spread regime compared to the high-spread regime. Specifically, all bonds show high
persistence in the low-spread regime, with probabilities exceeding 0.9703, corresponding to
an average duration of 34 days, except for Australian bonds, which have a slightly lower
persistence probability of 0.9543 and an average duration of 22 days. In contrast, the high-
spread regime is less persistent, with probabilities ranging from 0.8651 for Australian bonds
to 0.9832 for Chinese bonds.

Table C1: Regime probabilities and durations for sovereign bonds under the threshold regime
model

Region Bond index Low-spread regime | High-spread regime
P11 D, ‘ D22 Dy
NA United States 0.9839 62 ; 0.9495 20
Canada 0.9775 44 1 0.9330 15
o France | | 09872 78 109639 28
Burope Germany 0.9856 69 : 0.9590 24
United Kingdom | 0.9920 125 , 0.9783 46
Switzerland 0.9864 73 1 0.9591 24
g Mexico | 09703 34 109087 11
LATAM Brazil 0.9751 40 : 0.9277 14
o Australia | 09543 22 708651 7
Japan 0.9839 62 1 0.9519 21
APAC China 0.9944 178 : 0.9832 60
India 0.9769 43 i 0.9305 14
South Korea 0.9880 83 ' 0.9640 28

Duration is expressed in days.

The regressions parameter estimates are reported in Table C2. Overall, bond index re-
turns do not exhibit a significant trend, as mean returns are generally statistically insignifi-
cant. Exceptions include German, Mexican, and Japanese bonds in the low-spread regime,
as well as Chinese bonds in the high-spread regime. Several bond indices display weak first-
order autocorrelation in at least one regime: German, Mexican, and South Korean bonds in
the low-spread regime (with coefficients ranging from 0.055 to 0.080), and Canadian, Swiss,
Japanese, Indian, and South Korean bonds in the high-spread regime (coefficients between
0.101 to 0.199).

Regarding variances, a low-spread regime (or high spread regime) is not necessarily
associated with low (or high) volatility. Variance estimates appear scattered across the two
spread regimes with no systematic pattern. Applying a MS model with switching variances,
as described in Section 3.2, confirms that low-volatility (high-volatility) regimes are not
consistently linked to lower (higher) spreads (see Figure A2 on page 41).

Concerning exposure to regional GPR, Asia Pacific bond markets are primarily affected
during the low-spread regime: Australian, Indian, and South Korean bonds exhibit negative
exposure, while Japanese bonds display positive exposure to the region’s GPR. Australian
bonds also show a more pronounced negative exposure — more than twice as large — during
the high-spread regime. In North America, Canadian bonds exhibit negative exposure in
low-spread periods, whereas US bonds show positive exposure during high-spread periods.
No significant effects are observed for other regions.
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Table C2: Results of the threshold regime model on sovereign bonds indices

. . Low-spread regime | High-spread regime
Region  Bond index (1074 Br(1074) s o2(10~4) ! 121074 Ba(10~4) bo o2(10~4) ;EM\EL
NA United States 0.1 -1.3 0.018 0.2 . =21 3.2% —0.064 0.2 2.5
Canada -1.6 -3.0% 0.034 0.4 ! 1.5 —-1.7 0.119** 0.3 0.6
~  France | =24 5 0.069 04 21 T a5 T 0.067 05 | 1.0
Europe Germany —3.4 1.1 0.080* 0.4 ” 4.4 2.0 0.034 0.4 1.8
United Kingdom | —0.7 —-0.8 0.043 0.5 , —L8 —4.6 0.166 0.7 5.9
Switzerland 0.0 2.8 0.055 0.4 [ 1.2 2.1 0.154** 0.3 0.7
o amans  Mexico | 61 1.6 ( 0.055 08 | -71  —59 0.000 17 | 37
LATAM Brazil 1.6 2.7 —0.048 2.3 ” —4.1 4.5 0.021 2.1 1.6
 Australia | =03 —4.6* -0.025 06 | —-29  —98% 0010 08 | 21
Japan —4.7* 6.3"* 0.005 0.5 | 1.0 44 0.112* 0.3 0.7
APAC China —-0.5 -1.0 —0.045 0.1 ” 3.0%* —-1.7 —0.047 0.1 1.7
India 0.3 —4.0"**  —0.009 0.1 | 1.7 -3.2 —0.101** 0.2 0.8
South Korea -1.8 —8.6***  —0.067** 0.6 , 0.1 —0.4 —0.199*** 0.3 0.1

*ak K% and * indicate 1%, 5% and 10% significance levels.
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C.2 Impact of national GPR

Analyzing the impact of national GPR on sovereign bond indices, we find that eight indices
show no significant exposure to their respective national GPR (Table C3). In the low-
spread regime, Swiss and Japanese bonds display positive exposure to their countries’s GPR,
whereas Indian bonds show negative exposure. In the high-spread regime, US bonds exhibit
positive exposure, while Mexican bonds display a negative and substantial exposure, reaching
—18.5.

Table C3: Exposure of bond indices to national GPR under the threshold regime model

Region  Bond index Be(o~) g0~ | |85 /87
NA United States —-1.5 3.1% 2.1
Canada —-1.1 14 1.2
o France | 0.0 23 | 1004
Burope Germany 1.2 0.7 0.6
United kingdom —-1.1 —0.8 0.7
Switzerland 4.2** 0.9 0.2
Mexico 3.1 —18.5%** 6.0
LATAM Brazil 4.9 0.1 0.0
o Australia | -23 =52 |7 22
Japan 5.5% 5.1 0.9
APAC China —1.0 —0.5 0.5
India —2. 7% —04 0.2
South Korea —4.1 -0.9 0.2

*Hk ¥ and * indicate 1%, 5% and 10% significance levels.

C.3 Impact of bilateral tensions

Table C4 summarizes the exposure of sovereign bond indices to six major bilateral ten-
sions.The results differ substantially from those obtained in Section 3.2, where the same
analysis was conducted using a MS autoregressive model that does not incorporate spread
information.

Russia-Ukraine tensions emerge as the most impactful and primarily affect European
bond markets. UK and French bonds exhibit exposure in both regimes. Swiss bonds are
affected during the low-spread regime, while UK bonds are impacted during the high-spread
regime. Outside Europe, Canadian bonds show exposure in the low-spread regime, US
bonds in the high-spread regime, and Japanese bonds maintain positive exposure across
both regimes. Notably, all these exposures are positive, suggesting that heightened tensions
are associated with higher bond returns.

China-USA tensions affect bond markets across multiple regions. Canadian, Mexi-
can, and Australian bonds exhibit negative exposure during low-spread periods, whereas
UK, Japanese, and South Korean bonds benefit from positive exposure during high-spread
regimes.

Iran-USA tensions also exert significant effects, mainly in Europe and the Asia-Pacific
region. Swiss and Indian bonds are affected during low-spread periods — positively for
Switzerland and negatively for India — while French and German bonds display positive
exposure during high-spread regimes. Japanese bonds show a mixed response, with positive
exposure in the low-spread regime and negative exposure in the high-spread regime.

China-India tensions have a significant impact primarily within the Asia-Pacific region.
Indian bonds are negatively affected in both regimes, with the effect being 1.7 times stronger
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during high-spread periods. Australian bonds also exhibit negative exposure during low-
spread regimes. Conversely, Japanese bonds appear to benefit from these tensions, showing
positive exposure in the high-spread regime. Outside the Asia-Pacific region, Mexican bonds
display negative exposure during low-spread periods.

Mexico-USA tensions have a relatively mild effect on bond markets. Mexican, Australian,
and Chinese bonds exhibit positive exposure during low-spread regimes, while Japanese
bonds are negatively affected during high-spread periods. Finally, Russia-USA tensions are
the least influential, with Indian bonds showing negative exposure during low-spread periods
and Japanese bonds exhibiting positive exposure during high-spread regimes.

Table C4: Exposure of bond indices to bilateral GPR under the threshold regime model
(Univariate MS model)

] GSTCHN USA ; GSTRUS UKR | GSTJ\IEX USA
Bond index Ci/Cy  gCi/Cy 1 gCi/Cy  gCifCy 1 Oy Ci/C;
United States —-0.9 0.3 ! 2.9 3.2% 1 0.7 —0.2
Canada —2.7%  —48 | 04* 108 , 11 ~1.4
" France | —1.8 =34 1 33* 79 16 = 08
Germany ~14  -28 |, 37 75% | 1.9 —0.6
United Kingdom | —3.9 1.3* 1 4.3 6.4* 0.8 3.8
Switzerland 08  —27 |, 3.6* 6.1 | 27 —4.8
" Mexico | —4.3* —11.0 ' 6.9  11.1%* 1 24 214
Brazil —02 25 |, 66 26 | 05 1.2
" Australia | —28 80 ' 31 ¢ 85 1 1.9% 74
Japan 3.4 L1* | 6.6 6.3 | 4.2 —2.6*
China -03 —-06 ' 1.0 05 ' 0.6 3.1
India ~15  -31 |, —02 ~1.7 | -18 15
South Korea -5.2 3.5 | 2.2 3.7 ' =05 3.4
. GSTRUS USA | GSTCHN IND | GSTIRN USA
Bond index C./C, Ci/C; | LCi/C; Ci/Cj 1 Ci/C Ci/C;
1 2 | 1 /82 | 1 52
United States 1.0 —-0.5 1 1.0 -1.7 1 =13 2.4
Canada -15  —01 |, -23 —40 |, 0.8 —26
" France | —-02 —20 ' 06 1.9 1 —38 3.3
Germany 02 -29 |, 07 3.8 | —38 3.7+
United Kingdom | —1.4 —-1.5 1 =22 26 ' —36 4.8
Switzerland 1.1 06 |, 16 34 02 —64
" Mexico | —-05 —25 | —40* 87 ' —03  —-40
Brazil —29  —74 | -54 81 | 1.9 —94
Australia | -1.8 —26 | —1.0% —97 ' —05 —105
Japan 3.9 0.7 | 5.0 4.9 | 3.8%  —6.2*
China —01 —20 ' 14 —01 ' —03 —2.0
India —1.3  —45 | —2.7*  —4.8% | —18* —86
South Korea —1.7 -0.2 ' =11 1.5 1t —=0.9 —-0.1

Reported coefficients are in units of 104,
*kk K% and * indicate 1%, 5% and 10% significance levels.
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