Journal of
Risk and Financial
Management

Article

Do Geopolitical Shocks Drive Currency Volatility?
New Evidence from a TVP-VAR Framework

Ikram Ghamgui Frikha

W) Check for updates

Academic Editor: Thanasis Stengos

Received: 10 November 2025
Revised: 15 December 2025
Accepted: 17 December 2025
Published: 25 December 2025
Copyright: © 2025 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

Department of Economic, Faculty of Economic Science and Management Sfax, University of Sfax, Sfax 3000, Tunisia;
frikhaikram@gmail.com

Abstract

Exchange rate dynamics in OECD economies have been increasingly shaped by geopolitical
tensions and systemic crises. Between 2010 and 2025, a sequence of major events including
the European sovereign debt crisis, the COVID-19 pandemic, and the Russia—Ukraine con-
flict has amplified uncertainty and volatility in global financial markets. Using a Bayesian
Time-Varying Parameter Vector Autoregression (TVP-VAR) model, this analysis investi-
gates how geopolitical shocks are transmitted to exchange rate movements against the US
dollar, capturing structural breaks, stochastic volatility, and heterogeneous time-varying
relationships across countries. The empirical evidence reveals that exchange rates respond
significantly but asymmetrically to geopolitical shocks, with more pronounced effects
during periods of global turmoil and weaker reactions in stable phases. Furthermore, the
sensitivity of exchange rates to geopolitical risk differs across economies, depending on in-
stitutional quality, trade exposure, and macroeconomic resilience. These findings highlight
important asymmetries in the transmission of geopolitical uncertainty and underscore the
heterogeneity of policy responses among advanced economies. From a practical perspective,
the results provide valuable guidance for policymakers and international investors seeking
to integrate geopolitical risk into monetary, fiscal, and risk management frameworks.

Keywords: geopolitical risk; exchange rates; OECD; TVP-VAR; macroeconomic adjustment;
stochastic volatility

1. Introduction

Exchange rates occupy a central position in the global economic system, acting as key
adjustment mechanisms through which macroeconomic and financial shocks are trans-
mitted across countries. Beyond their nominal valuation, exchange rates encapsulate the
complex interaction between international trade, capital mobility, and monetary policy
decisions. Traditional theoretical frameworks, notably the Mundell-Fleming model, explain
exchange rate movements primarily through macroeconomic fundamentals such as inter-
est rate differentials, inflation dynamics, and productivity developments (Mundell, 1963;
Fleming, 1962). While these factors remain relevant, they have become increasingly insuffi-
cient to account for the magnitude, persistence, and volatility of exchange rate movements
observed over recent decades.

Since the early 2000s and more markedly following the global financial crisis geopolit-
ical risk has emerged as a major driver of uncertainty in international financial markets.
A succession of global disruptions, including the European sovereign debt crisis, the
COVID-19 pandemic, and the Russia—Ukraine conflict, has demonstrated that geopolitical
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tensions extend well beyond political boundaries. These events reshape investor expec-
tations, amplify global risk aversion, and induce abrupt reallocations of capital across
countries and asset classes. As a consequence, exchange rates respond not only to domestic
economic conditions but also to shifts in global uncertainty and investor sentiment. Em-
pirical evidence consistently shows that safe-haven currencies, such as the U.S. dollar, the
Swiss franc, and the Japanese yen, tend to appreciate during periods of heightened geopo-
litical stress, whereas currencies of emerging, trade-dependent, or commodity-importing
economies are more likely to depreciate under similar conditions.

Despite the growing recognition of these mechanisms, much of the empirical literature
continues to rely on modeling frameworks that implicitly assume stable and time-invariant
relationships between exchange rates and their determinants. However, the repeated oc-
currence of global crises since 2008 suggests that the transmission of geopolitical shocks is
inherently nonlinear, asymmetric, and state-dependent. Exchange rate sensitivity to geopo-
litical risk is likely to evolve over time and to differ markedly across countries, depending
on factors such as institutional credibility, financial openness, energy dependence, and
the degree of monetary policy autonomy. In this context, static econometric models are
ill-suited to capture the dynamic and regime-dependent nature of exchange rate responses
to geopolitical uncertainty.

To address these limitations, this study adopts a Bayesian Time-Varying Parameter
Vector Autoregressive (TVP-VAR) model with stochastic volatility, building on the method-
ological contributions of Primiceri (2005) and Koop and Korobilis (2013). This flexible
framework allows both the transmission coefficients and the volatility of shocks to evolve
endogenously over time, making it particularly appropriate for analyzing exchange rate
dynamics in environments characterized by structural breaks and recurrent geopolitical
disturbances. The empirical analysis focuses on a sample of 17 OECD economies over the
period 2010-2025, a timeframe that encompasses multiple episodes of global turmoil and
elevated geopolitical uncertainty.

Although most OECD countries are not directly involved in armed conflicts, their
exchange rates remain highly exposed to geopolitical risk through a range of indirect trans-
mission channels. These include fluctuations in energy and commodity prices, financial-
market spillovers, cross-border capital flows, and disruptions in global value chains. Given
their high degree of trade openness and financial integration, OECD economies consti-
tute a relevant and informative setting for examining how geopolitical shocks propagate
internationally and affect currency markets, even in the absence of direct conflict exposure.

The analysis further accounts for structural heterogeneity by explicitly considering
differences in exchange rate regimes across countries, distinguishing between free-floating
currencies, managed floating regimes, and economies operating within integrated mone-
tary frameworks. This classification is used to interpret impulse-response dynamics and
time-varying coefficients, allowing the study to identify regime-dependent adjustment
mechanisms and differences in shock absorption capacity.

Against this background, the study is guided by three central hypotheses. First,
geopolitical risk shocks are expected to exert a statistically significant influence on exchange
rate dynamics against the U.S. dollar across OECD economies. Second, the magnitude
and persistence of these responses are hypothesized to be heterogeneous, reflecting cross-
country differences in institutional quality, financial openness, and external vulnerability.
Third, safe-haven and energy-exporting economies are expected to display more muted or
stabilizing exchange rate responses to geopolitical shocks, whereas emerging and externally
dependent economies are likely to experience stronger and more persistent depreciations.

By testing these hypotheses within a Bayesian TVP-VAR framework, this research
aims to provide a deeper and more realistic understanding of how geopolitical uncertainty
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is transmitted to exchange rate markets. In doing so, it contributes to the literature by
highlighting the time-varying, asymmetric, and regime-dependent nature of exchange rate
responses in an increasingly uncertain and geopolitically fragmented global environment.

The remainder of the paper is organized as follows. Section 2 reviews the related
literature on exchange rate dynamics and geopolitical risk. Section 3 describes the data
and presents the econometric methodology, including the Bayesian TVP-VAR framework
with stochastic volatility. Section 4 reports and discusses the empirical results, focusing on
impulse-response functions and time-varying coefficients. Section 5 concludes and outlines
key policy implications and directions for future research.

2. Literature Review
2.1. Determinants of Exchange Rate Dynamics Under Geopolitical Uncertainty

The determinants of exchange rates have long been central to international economics,
as their fluctuations influence trade competitiveness, investment allocation, and macroeco-
nomic stability. Traditional theoretical frameworks such as the Mundell-Fleming model,
the uncovered interest parity condition, and dynamic stochastic general equilibrium models
(Obstfeld & Rogoff, 1996) conceptualize exchange rate movements as rational adjustments
to underlying fundamentals like interest rate differentials, inflation expectations, and trade
balances. Within these classical paradigms, currencies adjust to restore equilibrium in
goods and capital markets. However, such conventional approaches often fall short of ex-
plaining the magnitude and persistence of exchange rate volatility observed during periods
of intense political or geopolitical instability. Episodes of crisis whether caused by wars,
sanctions, or global uncertainty have shown that exchange rate fluctuations frequently
deviate from fundamental predictions, revealing the importance of risk perception and
uncertainty in currency valuation.

The theoretical integration of these non-fundamental forces into exchange rate mod-
eling began with the portfolio balance approach (Branson, 1977; Kouri, 1976), which
recognized that investors allocate wealth across assets based not only on returns but also on
perceived risk. Political and geopolitical shocks change investors’ tolerance for uncertainty
and their desired portfolio composition, consequently affecting currency demand and
exchange rate levels. A major empirical breakthrough occurred with the emergence of
quantitative measures of uncertainty, especially the Economic Policy Uncertainty (EPU)
index by Baker et al. (2016) and the Geopolitical Risk (GPR) index by Caldara and lacoviello
(2018). These indices demonstrated that uncertainty whether policy-based or geopolitical
significantly reduce investment, reduces employment, and increases financial volatility. In
particular, the GPR index, built from news references to geopolitical conflicts, wars, and ter-
rorist threats, provided a systematic and data-driven way to assess the global repercussions
of political instability.

Empirical research applying these indices to currency markets systematically finds
that geopolitical risk produces strong yet asymmetric effects across countries and currencies.
Safe-haven currencies such as the U.S. dollar, the Swiss franc, and the Japanese yen tend to
appreciate during episodes of elevated risk, reflecting a global “flight-to-safety” behavior
(Della Corte et al., 2016; Menkhoff et al., 2012). In contrast, the currencies of debtor or
commodity-importing economies generally depreciate as capital is withdrawn from riskier
markets. Recent global shocks including the COVID-19 pandemic and the 2022 Russia—
Ukraine war have amplified these dynamics, confirming that geopolitical uncertainty has
become a structural determinant of exchange rate volatility (Balcilar et al., 2023; Christou
etal., 2022). The degree of exposure and resilience varies widely across countries depending
on institutional credibility, trade openness, and energy dependence.
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2.2. Transmission Channels Between Geopolitical Risk and Exchange Rates

Understanding the influence of geopolitical risk on exchange rates requires examining
the mechanisms through which uncertainty transmits across financial and real sectors. The
first and most direct mechanism operates through the risk-premium channel: geopolitical
shocks increase global uncertainty, leading investors to demand higher compensation for
holding risky assets and to shift capital toward safe-haven currencies. This reallocation
causes immediate exchange rate adjustments, especially in economies with weak institu-
tions or high external debt (Della Corte et al., 2016). The second mechanism, the trade and
current account channel, reflects the real-sector effects of instability. Geopolitical tensions,
wars, or sanctions destabilize trade flows and supply chains, deteriorating current account
balances for import-dependent nations and causing their currencies to depreciate. On
the other hand, some energy-exporting countries may experience temporary currency
appreciation when commodity prices rise in response to global conflicts.

A third mechanism is the commodity price channel, since oil, gas, and raw materials
are highly sensitive to geopolitical tensions. Supply disruptions in major producing regions
push up commodity prices, strengthening the currencies of exporters such as Canada and
Norway while weakening those of importers like Japan or South Korea (Kang & Ratti,
2013; Gupta et al., 2021). In addition, a confidence and expectations channel captures
how political instability undermines investor sentiment and triggers speculative behavior,
leading to excess volatility and misalignments between exchange rates and fundamentals
(Pastor & Veronesi, 2013). Finally, the policy response channel encompasses central-bank or
government interventions aimed at stabilizing domestic currencies. Monetary authorities
may raise interest rates or conduct foreign-exchange interventions to counter depreciation
pressures, but their effectiveness depends on credibility and macroeconomic fundamentals.

These interconnected transmission mechanisms reveal that the relationship be-
tween geopolitical risk and exchange rate dynamics is non-linear, asymmetric, and time-
dependent. It operates simultaneously through short-term financial reactions and long-term
structural adjustments. To simulate such dynamic interdependencies, recent research has
turned to dynamic econometric techniques capable of capturing evolving interactions. Tra-
ditional Structural Vector Autoregression (SVAR) models, which assume fixed coefficients,
are inadequate in the face of regime changes and structural breaks. The introduction of
Bayesian Time-Varying Parameter VAR (TVP-VAR) models by Primiceri (2005) and further
extensions by Koop and Korobilis (2013) has provided a flexible framework to estimate
how the influence of geopolitical shocks changes over time. These models incorporate
stochastic volatility and cross-country heterogeneity, making them particularly suitable
for studying exchange rate behavior in turbulent periods. Recent empirical applications
such as Balcilar et al. (2023) demonstrate that the GPR index significantly predicts currency
volatility and that geopolitical shocks exhibit regime-dependent and persistent effects on
exchange rate dynamics.

According to the existing literature, the present study contributes by investigating the
impact of geopolitical risk on bilateral exchange rates against the U.S. dollar across OECD
economies during 2010-2025, a period incorporating multiple crises and structural shifts.
By applying a Bayesian TVP-VAR model, it aims to capture the evolving transmission
of uncertainty through risk, trade, and policy channels, and to identify asymmetries in
resilience and vulnerability across countries.

2.3. Exchange Rate Regimes, Policy Responses, and Geopolitical Shocks

An important strand of the exchange rate literature emphasizes that the transmission
of external shocks critically depends on the prevailing exchange rate regime. Countries
operating under different monetary frameworks exhibit distinct adjustment mechanisms
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when facing global uncertainty, including geopolitical risk. Under flexible exchange rate
regimes, currencies are allowed to absorb external shocks through price adjustments,
often resulting in higher short-term volatility but greater long-run resilience. In contrast,
managed or fixed exchange rate regimes tend to dampen immediate fluctuations at the cost
of increased pressure on foreign reserves, interest rates, or macroeconomic stability.

Empirical studies suggest that floating exchange rate regimes are more sensitive to
global risk shocks in the short run, as exchange rates react rapidly to changes in investor
sentiment and capital flows. However, this flexibility also allows monetary authorities
to preserve policy autonomy and to accommodate shocks without exhausting reserves
or imposing sharp policy interventions (Frankel, 2011; Ilzetzki et al., 2019). By contrast,
economies with managed floating or quasi-fixed regimes often experience delayed but
potentially more persistent exchange rate adjustments, as central banks intervene to smooth
volatility, sometimes amplifying vulnerabilities during prolonged periods of uncertainty.

The role of geopolitical risk within this framework has received increasing attention
in the recent literature. Studies show that geopolitical shocks tend to trigger stronger
depreciations in countries with limited monetary credibility, high external debt, or restricted
policy space, particularly under managed exchange rate regimes (Aizenman & Hutchison,
2012). In such contexts, exchange rate stabilization policies may conflict with domestic
macroeconomic objectives, forcing authorities to choose between defending the currency
and supporting economic activity.

Policy implications also differ markedly across regimes. In flexible regimes, central
banks may tolerate exchange rate volatility while focusing on inflation targeting and
financial stability. In contrast, economies with limited exchange rate flexibility often resort
to foreign exchange interventions, capital controls, or interest rate adjustments to mitigate
depreciation pressures induced by geopolitical shocks. The effectiveness of these measures
depends on institutional credibility, reserve adequacy, and market confidence. Empirical
evidence indicates that intervention strategies are more successful in countries with strong
institutions and transparent policy frameworks, while less credible regimes may experience
destabilizing feedback effects (Ghosh et al., 2015).

Overall, the literature highlights that geopolitical risk does not affect exchange rates
uniformly across countries. Instead, its impact is shaped by the interaction between ex-
ternal shocks and domestic monetary frameworks. This regime-dependent transmission
underscores the importance of adopting econometric approaches capable of capturing
heterogeneity and time variation in exchange rate responses. By distinguishing between ex-
change rate regimes and allowing parameters to evolve over time, the present study aligns
with this literature and contributes by providing empirical evidence on how geopolitical
risk affects currency dynamics differently across OECD economies operating under diverse
monetary arrangements.

3. Data and Methodology
3.1. Data

The empirical analysis is based on monthly data covering the period from January
2010 to June 2025, which provides a sufficiently long horizon to capture several episodes of
major geopolitical and economic instability.

The study focuses on two fundamental variables.

The first is the Geopolitical Risk Index for High-Conflict Countries (GPRHC) devel-
oped by Caldara and lacoviello (2018). This indicator quantifies the level of country-specific
geopolitical risk based on the frequency of newspaper articles referring to wars, terrorist
threats, and diplomatic crises in high-conflict regions. The index provides a precise and
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high-frequency measure of geopolitical uncertainty, enabling the detection of periods of
heightened tension that may affect currency behavior.

The second variable is the bilateral exchange rate against the U.S. dollar, which serves
as the benchmark and primary anchor currency in the global financial system. All exchange
rate series are obtained from The Global Economy database.

The sample includes 17 OECD countries representing a diverse set of economic struc-
tures and exposure levels to geopolitical shocks: Australia (AUS), Canada (CAN), Switzer-
land (CHE), Chile (CHL), Colombia (COL), Denmark (DNK), France (FRA), the United
Kingdom (GBR), Hungary (HUN), Japan (JPN), South Korea (KOR), Mexico (MEX), Nor-
way (NOR), Poland (POL), Sweden (SWE), Turkey (TUR), and the United States (USA).
These countries were selected for their advanced financial systems, trade openness, and
institutional comparability, while exhibiting different energy dependencies and geopolitical
sensitivities. This diversity allows for a meaningful cross-country comparison of exchange
rate responses to specific geopolitical shocks.

3.2. Methodology

The empirical strategy is designed to capture both the short-run dynamics and the time-
varying effects of geopolitical risk on exchange-rate movements across OECD economies.
The analysis proceeds in a structured sequence combining preliminary statistical diagnostics
with dynamic econometric modeling.

As a first step, descriptive statistics are computed to characterize the distributional
properties of the exchange rate returns (EXCH) and the geopolitical risk index (GPRHC).
To assess the stochastic properties of the series, Augmented Dickey-Fuller (ADF) unit-root
tests are conducted for each variable and country. The ADF test is implemented under the
following hypotheses:

- Hp: the series contains a unit root and is non-stationary;
- Hj: the series is stationary.

The results of the ADF tests indicate that exchange-rate returns and geopolitical risk
indices are stationary in levels for the vast majority of countries, with only marginal excep-
tions becoming stationary after first differencing. Given this predominance of I(0) processes,
the variables are modeled directly in levels, without differencing, thereby preserving their
short-term dynamics and avoiding unnecessary transformations.

Since cointegration analysis requires variables to be integrated of order one, the station-
arity of the series implies that long-run cointegration testing is not econometrically required
in the present context. Consequently, no inference regarding long-run cointegrating relation-
ships is pursued, and the empirical focus is placed on modeling dynamic interactions rather
than long-run equilibria. This methodological choice ensures full consistency between the
time-series properties of the data and the econometric specification.

As an initial benchmark, a country-specific bivariate Vector Autoregressive (VAR)
model is estimated in levels to capture short-run interactions between exchange rates
and geopolitical risk. The VAR framework provides a useful reference for examining
basic dynamic responses. However, standard VAR models impose constant parameters
and Gaussian innovations, assumptions that are not supported by the data. Diagnostic
tests based on the Jarque—Bera statistic reveal pronounced non-normality, asymmetry, and
heavy-tailed behavior in the residuals, indicating the presence of structural instability and
time-varying volatility.

To address these limitations, the core empirical analysis relies on a Bayesian Time-
Varying Parameter Vector Autoregressive model with Stochastic Volatility (TVP-VAR-SV).
This framework allows both the transmission coefficients and the volatility of shocks to
evolve endogenously over time, capturing nonlinear, asymmetric, and regime-dependent
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responses to geopolitical risk. In order to accommodate the heavy-tailed nature of the
innovations, the stochastic-volatility disturbances are modeled using a student-t distribu-
tion rather than a Gaussian specification. This choice improves the robustness of posterior
inference and reduces the risk of underestimating extreme geopolitical shocks.

Overall, this combined approach provides a flexible and statistically coherent frame-
work for analyzing exchange-rate dynamics in an environment characterized by recurrent
crises, shifting risk perceptions, and evolving geopolitical tensions. By focusing on time-
varying interactions rather than long-run equilibrium relationships, the methodology
is well suited to capturing the dynamic and state-dependent nature of geopolitical risk
transmission to currency markets.

3.2.1. Descriptive Statistics

Table 1 reports the descriptive statistics for the monthly returns of exchange rates
(EXCH) and the specific geopolitical risk index (GPRHC). Overall, the results reveal pro-
nounced cross-country heterogeneity, reflecting structural differences in macroeconomic
stability, exchange rate regimes, and exposure to geopolitical shocks.

The mean exchange rate returns are generally close to zero for most countries, ranging
between (—0.0003) for Switzerland (CHE) and (0.0187) for Turkey (TUR). In contrast, the
mean values of the geopolitical risk index (GPRHC) remain positive across nearly all
countries, with relatively high averages observed in Australia (0.51), the United Kingdom
(0.46), and Sweden (0.43), suggesting that these economies are more exposed to global
geopolitical tensions.

The volatility patterns, as captured by the standard deviation, show substantial vari-
ation between economies. Exchange rate volatility ranges from 0.016 (Canada) to 0.043
(Turkey), confirming that emerging or partially liberalized markets such as Turkey and
Mexico experience higher fluctuations than advanced economies like Canada, Denmark,
or France. Similarly, the volatility of the GPRHC index is particularly elevated in France
(2.09), the United Kingdom (5.21), and the United States (2.20), indicating a high degree of
variability in geopolitical uncertainty over time.

The skewness and kurtosis coefficients confirm the non-normality of the series. Ex-
change rate returns generally exhibit slight positive skewness and moderate leptokurtosis,
consistent with the stylized facts of financial time series that often display asymmetric and
leptokurtic distributions. By contrast, the GPRHC series show extreme leptokurtosis in sev-
eral countries for instance, France (168), the United Kingdom (177), and the United States
(177) highlighting the presence of rare but intense spikes in geopolitical uncertainty. These
extreme values reflect the episodic nature of major geopolitical events, which generate
abrupt yet powerful disturbances in financial markets.

The Jarque-Bera normality test rejects the null hypothesis of normal distribution for
nearly all series at the 1% significance level (p < 0.01), both for exchange rate returns and
geopolitical risk indices. This evidence, combined with the observed volatility clustering
and asymmetry, suggests that linear and homoscedastic models would be ill-suited for
capturing the dynamics between the two variables.

In summary, the descriptive evidence indicates that both the exchange rate and geopo-
litical risk series are characterized by non-normal distributions, high volatility, and struc-
tural asymmetries. These statistical features validate the empirical strategy adopted in this
study, confirming the relevance of a Bayesian TVP-VAR framework to analyze the dynamic,
time-varying, and heterogeneous linkages between geopolitical risk and exchange rate.
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Table 1. Descriptive Statistics.

EXCH_AUS GPRHC_AUS EXCH_CAN GPRHC_CAN EXCH_CHE GPRHC_CHE EXCH_CHL GPRHC_CHL EXCH_COL GPRHC_COL

Mean 0.002448 0.512587 0.001919 0.338638 —0.000337 0.374303 0.004222 —0.198510 0.004498 0.070026
Median 0.001344 —0.015511 0.000957 0.012912 —0.001355 0.000000 0.001948 0.000000 0.001969 —0.001557
Maximum 0.070015 13.94236 0.047874 14.65184 0.109728 12.56492 0.101315 2.146350 0.133893 5.745137
Minimum —0.054686 —1.000000 —0.045974 —1.000000 —0.065152 —1.000000 —0.057365 —1.000000 —0.075160 —1.000000
Std. Dev. 0.022820 1.920525 0.016027 1.435607 0.020705 1.853085 0.026729 0.653721 0.031663 1.018394
Skewness 0.183415 4.133792 0.016033 6.039387 0.795837 3.767857 0.316029 0.878974 0.827709 2.196856
Kurtosis 3.031123 24.16694 3.319134 56.51343 6.844169 20.35081 3.539697 4.561095 5.053002 10.11443
Jarque—Bera 1.027792 3915.975 0.780134 22822.68 131.2756 2713.601 5.238333 4191611 52.74378 530.2255
Probability 0.598161 0.000000 0.677012 0.000000 0.000000 0.000000 0.072864 0.000000 0.000000 0.000000
Sum 0.445577 93.29086 0.349250 61.63209 —0.061403 68.12313 0.768354 —36.12886 0.818638 12.74470
Sum Sq. Dev. 0.094255 667.6032 0.046490 373.0351 0.077592 621.5403 0.129309 77.35045 0.181462 187.7198
Observations 182 182 182 182 182 182 182 182 182 182
EXCH_DNK GPRHC_DNK EXCH_FRA  GPRHC_FRA EXCH_GBR GPRHC_GBR EXCH_HUN GPRHC_HUN EXCH_JPN GPRHC_JPN EXCH_KOR GPRHC_KOR
Mean 0.002149 0.144166 0.002136 0.217102 0.001778 0.455399 0.004627 0.216649 0.003004 0.207465 0.001068 0.104048
Median 0.001784 0.000000 0.002158 —0.021307 —0.000153 0.002923 0.003539 0.000000 0.001870 0.052300 0.000000 0.001354
Maximum 0.071332 3.792506 0.071687 27.77854 0.093130 70.21470 0.122446 16.69533 0.076079 5.263746 0.128571 3.593413
Minimum —0.057896 —1.000000 —0.059139 —0.835646 —0.039087 —0.568981 —0.084921 —1.000000 —0.072420 —0.855867 —0.064356 —0.653392
Std. Dev. 0.019256 1.028918 0.019331 2.089981 0.019669 5.215884 0.028951 1.796709 0.022363 0.786527 0.019228 0.552763
Skewness 0.215382 1.431057 0.204219 12.70226 0.963661 13.25250 0.348965 5.452110 0.317372 2.095788 1.602614 2.128229
Kurtosis 4.003304 4.803033 4.022761 168.0207 5.248022 177.7509 4.751518 43.82161 4.066740 11.80443 13.30087 11.55531
Jarque—Bera 9.040664 86.77324 9.197534 211402.3 66.49197 236906.3 26.95816 13538.57 11.68466 721.0785 882.5596 692.4401
Probability 0.010885 0.000000 0.010064 0.000000 0.000000 0.000000 0.000001 0.000000 0.002902 0.000000 0.000000 0.000000
Sum 0.391133 26.23830 0.388788 39.51252 0.323687 82.88266 0.842061 39.43007 0.546794 37.75872 0.194439 18.93667
Sum Sq. Dev. 0.067112 191.6196 0.067638 790.6116 0.070025 4924.185 0.151706 584.2975 0.090517 111.9710 0.066919 55.30402
Observations 182 182 182 182 182 182 182 182 182 182 182 182
EXCH_MEX GPRHC_MEX EXCH_NOR GPRHC_NOR EXCH_POL GPRHC_POL EXCH_SWE GPRHC_SWE EXCH_TUR GPRHC_TUR EXCH_USA GPRHC_USA
Mean 0.003031 0.311960 0.004138 0.395387 0.002384 0.336438 0.002596 0.433085 0.018783 0.150116 1.000000 0.177399
Median —0.000230 —0.010176 0.002055 0.000000 0.000750 0.000000 0.004712 —0.021147 0.014286 —0.008390 1.000000 0.017227
Maximum 0.176923 9.876077 0.081272 7.286323 0.122271 9.574282 0.073584 15.31412 0.311200 4.863119 1.000000 29.60769
Minimum —0.062322 —0.928683 —0.054603 —1.000000 —0.068372 —1.000000 —0.054711 —1.000000 —0.078022 —0.749041 1.000000 —0.515428
Std. Dev. 0.028941 1.239271 0.024594 1.420960 0.027224 1.434454 0.022315 1.915110 0.043508 0.686075 0.000000 2.201430
Skewness 1.587380 3.848523 0.270305 2.083831 0.659799 3.248721 —0.063382 3.917901 2.598600 2.511267 0 13.23505
Kurtosis 9.751519 24.53759 3.292156 8.558881 5.092134 16.98710 2.997758 24.76869 16.26203 14.76430 0 177.4491
Jarque-Bera 422.1043 3966.935 2.863570 366.0518 46.39759 1803.740 0.121896 4059.174 1538.601 1240.820 0 236093.1
Probability 0.000000 0.000000 0.238882 0.000000 0.000000 0.000000 0.940872 0.000000 0.000000 0.000000 0 0.000000
Sum 0.551552 56.77672 0.753092 71.96035 0.433850 61.23179 0.472476 78.82139 3.418452 27.32113 182.0000 32.28658
Sum Sq. Dev. 0.151603 277.9783 0.109480 365.4618 0.134148 372.4361 0.090130 663.8438 0.342624 85.19657 0.000000 877.1793
Observations 182 182 182 182 182 182 182 182 182 182 182 182
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3.2.2. Stationarity Test: Augmented Dickey—Fuller (ADF)

Table 2 reports the results of the Augmented Dickey—Fuller (ADF) unit root tests
used to assess the stationarity properties of the exchange rate returns (EXCH) and the
geopolitical risk index (GPRHC) for the 17 OECD economies over the period 2010-2025.
The tests are conducted in both levels and first differences in order to determine the order
of integration of each series.

Table 2. Results of stationarity test.

ADF (EXCH)— ADF (EXCH)— ADF (GPRHO)— ADF (GPRHC)—

Country Level p-Value o Difs. p-Value el p-Value o Difs. p-Value
Australia (AUS) ~9.99 0.0000 1325 00000 1641 0.0000 1424 0.0000
Canada (CAN) ~9.83 0.0000 13.89 00000 1668 0.0000 1151 0.0000
Switzerland (CHE) ~11.98 0.0000 970 00000  —620 0.0000 1445 0.0000
Chile (CHL) S22 0.0000 1192 00000 1756 0.0000 1145 0.0000
Colombia (COL) ~1097 00000  —1084 00000  —1595 00000  —9.99 0.0000
Denmark (DNK) 1024 00000 1337 00000 1594 00000  —1031 0.0000
France (FRA) ~1033 00000 1337 00000  -3.82 0003  —628 0.0000
United Kingdom (GBR) ~ —11.37 0.0000 982 00000  -276 0.0656 359 0.0069
Hungary (HUN) ~11.07 0.0000 1058 00000 1538 0.0000 975 0.0000
Japan (JPN) —9.62 0.0000 10,63 00000 1878 0.0000 1274 0.0000
South Korea (KOR) ~10.99 00000 9.8 00000 1669 00000 840 0.0000
Mexico (MEX) 1048 00000 1159 00000 1830 00000 942 0.0000
Norway (NOR) 1024 00000  —1173 00000  —17.96 00000  —2150 0.0000
Poland (POL) ~10.83 0.0000 1181 00000  —12.60 0.0000 877 0.0000
Sweden (SWE) ~10.16 0.0000 1183 00000 1657 0.0000 1149 0.0000
Turkey (TUR) ~9.19 0.0000 1059 00000 1342 0.0000 1023 0.0000
United States (USA) - — - - 266 0.0825 376

The empirical evidence indicates that, for the overwhelming majority of countries, the
ADF test statistics are highly significant, with p-values close to zero. These results lead to
a clear rejection of the null hypothesis of a unit root, suggesting that both exchange rate
returns and geopolitical risk series are stationary in levels. This finding implies that the
variables exhibit mean-reverting behavior and do not follow persistent stochastic trends
over time.

In a limited number of cases most notably for the United Kingdom and the United
States the geopolitical risk index appears to display weak persistence at conventional signif-
icance levels when expressed in levels. However, these series become stationary after first
differencing, indicating an integration order of one. Such behavior is consistent with the na-
ture of geopolitical risk indicators, which may display temporary low-frequency persistence
due to prolonged episodes of geopolitical tension rather than permanent stochastic trends.

From a methodological perspective, the predominance of stationary processes has
important implications. First, it confirms that the variables can be directly incorporated into
a multivariate dynamic framework without the risk of spurious regression. Second, since
the variables are stationary in levels for most countries, long-run cointegration analysis
is not required. Instead, the empirical strategy focuses on modeling short- and medium-
term dynamics through a Vector Autoregressive (VAR) framework and its Bayesian time-
varying extension.

The use of a Bayesian Time-Varying Parameter VAR (TVP-VAR) model is particularly
appropriate in this context. Although the variables are stationary, their relationships are
likely to evolve over time due to structural changes, crisis episodes, and shifts in global
uncertainty. The TVP-VAR framework accommodates such time-varying interactions by
allowing coefficients and shock transmission mechanisms to change endogenously, without
imposing a fixed long-run equilibrium structure.

From an economic standpoint, the stationarity of exchange rate returns and geopolitical
risk implies that the effects of geopolitical shocks are transitory rather than explosive. While
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geopolitical events such as wars, pandemics, or energy crises can generate sharp and abrupt
exchange rate movements, these effects tend to dissipate as markets gradually adjust and
uncertainty subsides. This behavior reflects the adaptive nature of foreign exchange markets
and the capacity of OECD economies to absorb external shocks through flexible prices,
policy responses, and financial adjustments.

Overall, the ADF test results confirm that the exchange rate and geopolitical risk series
are suitable for dynamic time-varying analysis. The absence of unit roots supports the
econometric validity of the Bayesian TVP-VAR framework and ensures that the estimated
relationships between geopolitical risk and exchange rate dynamics are both statistically
sound and economically interpretable.

4. Empirical Results
4.1. Var-Bivariate Estimate

To analyze the dynamic interaction between exchange rates and geopolitical risk, we
estimate a VAR model, the results of which are shown in Table 3.

Table 3. Estimation Results of the VAR Model between Exchange Rates and Geopolitical Risk.

Variable  AUS CAN CHE CHL CcoL DNK FRA GBR HUN
EXCH (—1) 0.346 (4.64) 0.299 (4.02)  0.106 (1.40) 0.151 (1.98) 0.210 (2.76) 0.265 (3.52) 0.251 (3.35) 0.181(2.40)  0.187 (2.47)
GPRHC (—1) —0.00036 (—0.41) 0.00007 (0.08) —0.00051 (—0.60) —0.00172 (—0.55) 0.00088 (0.37)  0.00075(0.54)  0.00538 (1.45)  0.00833 (2.23) —0.00137 (—1.15)
Constant  0.00185 0.00129 —0.00087 0.00234 0.00362 0.00112 0.00082 0.00072 0.00354
R? (EXCH) 0.123 0.100 0.022 0.027 0.058 0.069 0.074 0.065 0.041

R? (GPRHC) 0.047 0.081 0.047 0.081 0.048 0.061 0.019 0.024 0.027
Variable  JPN KOR MEX NOR SWE TUR POL USA

EXCH(-1) 0.337(4.39) 0.218(2.88)  0.165 (2.80) 0.339 (4.61) 0.294 (3.89) 0.401 (5.39) 0.242 (3.22) 0.310 (4.22)

GPRHC (—1) 0.00357 (1.65)  0.00018 (0.07) 0.00013(0.09)  —0.00214 (—1.67) —0.00059 (—0.68) —0.00122 (—0.25) —0.00120 (—1.45) 0.00291 (1.87)

Constant  0.00143 0.00076 0.00276 0.00333 0.00246 0.01447 0.00101 0.00228

R2(EXCH) 0.112 0.054 0.065 0.159 0.085 0.145 0.076 0.152

R2 (GPRHC) 0.139 0.078 0.086 0.112 0.065 0.139 0.028 0.141

The estimation results of the Vector Autoregressive (VAR) model provide preliminary
evidence on the short-run dynamics between bilateral exchange rate returns (EXCH) and the
geopolitical risk index (GPRHC) across the OECD economies considered. As a benchmark
specification, the VAR model is intended to capture basic dynamic interactions prior to the
implementation of the more flexible time-varying framework.

The coefficients associated with the lagged exchange rate variable, EXCH (—1), are
positive and statistically significant across almost all countries. This finding indicates a
pronounced degree of short-run persistence in exchange rate movements, suggesting that
past currency fluctuations continue to influence current dynamics. Such persistence reflects
the gradual adjustment of foreign exchange markets, where information is incorporated
progressively and exchange rates respond with inertia rather than instantaneously.

By contrast, the estimated coefficients of the lagged geopolitical risk variable, GPRHC
(—1), are generally small in magnitude and statistically insignificant for most countries. This
result suggests that, within a constant-parameter VAR framework, the average short-run
effect of geopolitical risk on exchange rates is relatively weak and heterogeneous. Only in a
limited number of cases—most notably the United Kingdom—does geopolitical risk appear
to exert a statistically significant influence on exchange rate dynamics at conventional
significance levels. The mixed signs of the coefficients further point to cross-country
heterogeneity in how geopolitical uncertainty is transmitted to currency markets.

The modest explanatory power of the VAR equations, as reflected by the R? values, is
consistent with the nature of monthly exchange rate data, which are influenced by a broad
set of macroeconomic, financial, and geopolitical factors. While the VAR model captures
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some degree of short-term dependence, it is not designed to fully account for structural
changes, regime shifts, or nonlinear responses associated with major geopolitical events.

Overall, the VAR results should be interpreted as indicative rather than conclusive.
They highlight the presence of exchange rate persistence and suggest that the impact of
geopolitical risk may vary across countries, but they also underscore the limitations of
constant-parameter models in capturing the dynamic effects of geopolitical uncertainty.
These limitations motivate the use of the Bayesian TVP-VAR framework in the subsequent
analysis, which allows for time-varying transmission mechanisms and provides a more
accurate assessment of how exchange rates respond to geopolitical shocks over different
economic and political regimes.

The Figure 1 reports that Impulse Response Functions (IRF).
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Figure 1. Impulsion responses of OCDE economics.

For clarity, the OECD sample is classified into three broad groups. Safe-haven
economies include Switzerland and Japan, whose currencies traditionally attract capital
flows during periods of heightened geopolitical uncertainty. Energy-exporting economies
comprise Australia, Canada, and Norway, where exchange-rate dynamics are partly shaped
by commodity-price and terms-of-trade effects. In contrast, energy-importing or trade-
dependent economies include Chile, Colombia, Mexico, Hungary, Turkey, and South
Korea, which tend to exhibit greater sensitivity to global risk aversion and external finan-
cial conditions.

The impulse-response analysis constitutes a core element of our empirical investiga-
tion, as it traces how bilateral exchange rates adjust following an unexpected increase in
geopolitical risk across OECD economies. By examining dynamic response paths after a
one-standard-deviation shock, the IRFs provide a transparent benchmark for comparing
short- to medium-run adjustment mechanisms across countries and for highlighting struc-
tural heterogeneity related to financial depth, commodity exposure, external vulnerability,
and safe-haven characteristics.

Importantly, statistical inference is drawn with caution: in several cases, confidence
bands overlap zero over part (or all) of the forecast horizon, implying that some responses
may not be statistically distinguishable from zero at conventional significance levels despite
appearing economically meaningful. A first group of economies Australia and Canada
exhibits contained and rapidly stabilizing responses to geopolitical shocks. Following
the shock, these commodity-exporting countries display a brief appreciation episode that
is consistent with commodity and terms-of-trade channels during periods of elevated
global uncertainty. The responses, however, fade quickly and converge back toward the
baseline, indicating strong short-run mean reversion and suggesting that flexible exchange
rates, supported by credible macro-financial frameworks, can absorb external disturbances
without persistent misalignment. Switzerland and Japan show response profiles consistent
with their established safe-haven status. Their currencies tend to appreciate after geopoliti-
cal shocks, reflecting flight-to-quality dynamics and global portfolio rebalancing toward
low-risk assets. While the adjustment paths are generally smoother and may appear more
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persistent than in other economies, the strength and statistical relevance of these responses
should be evaluated in light of the confidence intervals, which may include zero at certain
horizons. A more pronounced and, in some cases, more volatile response is observed in
Chile, Colombia, and Mexico, where exchange rates tend to depreciate immediately follow-
ing a rise in geopolitical risk. These economies share characteristics frequently associated
with higher sensitivity to global risk appetite and external financing conditions. As a result,
heightened geopolitical uncertainty may induce capital outflows, increase risk premia, and
weaken currencies against the U.S. dollar. Nevertheless, the impulse responses typically
weaken over the forecast horizon, suggesting that the initial impact is partly absorbed
through market adjustment, policy reactions, and external-account mechanisms. For Euro-
pean economies such as Denmark, France, and Sweden, the responses are moderate and
generally short-lived.

Deviations from the baseline often dissipate within a few periods, consistent with
the stabilizing role of strong institutions, deep financial markets, and policy credibility.
In France, where a mild depreciation can emerge after a geopolitical shock, the subsequent
reversion toward the baseline indicates limited persistence and suggests that the exchange
rate adjusts relatively quickly as uncertainty effects dissipate. Norway and Poland display
more complex adjustment profiles, with responses that may change sign across horizons.
In Norway, the initial reaction can reflect the interaction between safe-asset demand and
energy-export dynamics, whereas in Poland the response may be shaped by regional uncer-
tainty exposure and sensitivity to external financial conditions. The observed oscillations
underline that the net exchange-rate effect of geopolitical shocks may reflect competing
channels whose relative importance differs across economies and may vary across horizons.
Among the most vulnerable economies, Hungary and Turkey tend to exhibit larger depreci-
ations after geopolitical shocks. These dynamics are consistent with higher perceived risk,
external financing needs, and greater exposure to shifts in global risk appetite. The extent
of persistence, however, should be interpreted carefully given that confidence bands may
overlap zero at certain horizons and that constant-parameter IRFs may not fully capture
evolving transmission mechanisms during major crisis episodes.

Finally, South Korea and the United Kingdom exhibit distinct response patterns. South
Korea may experience a short-lived depreciation consistent with exposure to regional
security risks and global supply-chain disruptions, whereas the United Kingdom shows
comparatively muted and rapidly reversible responses, reflecting the depth and liquidity
of its financial markets and the capacity of the exchange rate to adjust promptly to changes
in global conditions.

Overall, the IRFs share a broadly similar qualitative structure across countries: an
initial deviation from the baseline followed by gradual convergence back toward it. This
pattern indicates that geopolitical shocks primarily generate transitory exchange-rate adjust-
ments rather than permanent shifts in currency behavior. At the same time, the substantial
cross-country heterogeneity in magnitude, persistence, and occasionally the sign of the
response highlights the limits of constant-parameter models and motivates the subsequent
use of a time-varying framework. In particular, a Bayesian TVP-VAR approach is well suited
to capturing regime-dependent and time-varying transmission channels that may be masked
in average impulse-response estimates over a long sample period such as 2010-2025.

4.2. Normality Test and Distributional Properties of the Residuals (Figure 2)

To examine the statistical behavior of the model innovations, we perform an extensive
normality assessment combining the Jarque-Bera test with a visual inspection of the
empirical distribution of residuals across all countries. The histograms systematically
show clear departures from the Gaussian benchmark: the distributions exhibit marked
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asymmetry and pronounced fat tails, features typically associated with financial time series
subjected to periods of geopolitical stress. Skewness values deviate notably from zero,
while kurtosis is exceptionally high for several countries particularly Korea, Mexico, Turkey,
and Switzerland reflecting strong leptokurtic patterns.

The Jarque—Bera statistics corroborate this evidence by rejecting the null hypothesis of
normality for the vast majority of exchange-rate innovations, with p-values equal to 0.0000
for Switzerland, Korea, Mexico, Poland, Colombia, Turkey, France, Denmark, the United
Kingdom, Japan, and Hungary. A few exceptions (such as Canada, Norway, Sweden, and
Australia) display borderline acceptance of normality, although their residual distributions
still reveal visible tail fattening and asymmetric shapes that remain inconsistent with
Gaussian behavior.

Overall, the persistence of heavy tails and asymmetric innovations indicates that
the standard normality assumption underlying classical VAR and conventional TVP-VAR
models is not appropriate for our dataset. These findings provide strong justification for
adopting a heavy-tailed specification such as using a multivariate Student-t distribution for
the stochastic-volatility innovations to obtain more reliable posterior estimates and to ade-
quately capture the influence of extreme geopolitical episodes on exchange-rate dynamics.
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Figure 2. Histogram-Based Assessment of Residual Normality and Time-Series Patterns of Innovations.

4.3. Transition to the Bayesian Time-Varying Parameter VAR Framework

The evidence from the normality tests highlights the structural limitations of the
classical VAR and other linear models with constant coefficients. The presence of heavy tails,
pronounced asymmetry, and strong time-varying volatility suggests that the relationship
between geopolitical risk and exchange-rate movements cannot be reliably captured by a
framework based on fixed, Gaussian innovations. Such instability—combined with the
occurrence of large and infrequent geopolitical shocks—calls for a more flexible model
capable of allowing parameters, shock transmission, and volatility to evolve over time.

In light of these considerations, we move from the benchmark VAR specification to
a Bayesian Time-Varying Parameter VAR with Stochastic Volatility (TVP-VAR-SV). This
framework is particularly well suited to modeling the dynamic, nonlinear, and regime-
dependent interactions between exchange rates and geopolitical uncertainty. It accommo-
dates gradual structural shifts as well as abrupt changes associated with major geopolitical
episodes. Moreover, given the strong rejection of normality in the residuals, the innovation
process is modeled using a multivariate Student-t distribution rather than a Gaussian one.
This heavy-tailed specification leads to more robust posterior inference and provides a
more realistic representation of extreme geopolitical shocks.
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4.4. Out-of-Sample Forecast Validation

To assess the predictive reliability of the Bayesian TVP-VAR with Stochastic Volatility
model, we implement an out-of-sample forecast evaluation. This procedure allows us
to examine whether the model is capable of generating accurate forecasts beyond the
estimation sample and whether its additional flexibility offers meaningful improvements
relative to more traditional approaches. We adopt a rolling-window scheme, in which the
model is first estimated over an initial subsample and subsequently re-estimated as the
window expands. This generates a sequence of real-time forecasts that reflect the model’s
adaptive response to new information.

The predictive performance of the TVP-VAR-SV model is benchmarked against two
standard alternatives frequently used in the exchange-rate and uncertainty literature:
a constant-parameter VAR model, and a conventional TVP-VAR specification without
stochastic volatility. These comparisons are essential to determine whether the inclusion
of time-varying coefficients, stochastic volatility, and heavy-tailed innovations provides a
tangible improvement in forecasting ability.

Forecast accuracy is evaluated using two widely used loss functions the Mean Squared
Error (MSE) and the Mean Absolute Error (MAE) computed over the out-of-sample horizon.
To formally assess whether differences in predictive performance are statistically significant,
we employ the Diebold-Mariano test, which evaluates whether the forecast errors of the
TVP-VAR-SV model outperform those of the benchmark models.

Across the majority of countries, the Bayesian TVP-VAR-SV model yields lower fore-
cast errors and demonstrates statistically superior predictive performance. These gains are
particularly evident during episodes of heightened geopolitical tensions, when exchange-
rate volatility becomes more pronounced and the limitations of fixed-parameter models are
most apparent. The results confirm that allowing coefficients and volatility to vary over
time and modeling innovations using a heavy-tailed distribution substantially enhances
the model’s ability to capture abrupt and extreme movements in exchange rates driven by
geopolitical shocks.

4.5. Bayesian TVP-VAR Model and Identification of Geopolitical Risk Shocks

To quantify the impact of geopolitical risk on bilateral exchange rates against the
U.S. dollar, we estimate, for each country i and each month ¢, a Bayesian Time-Varying
Parameter Vector Autoregressive model with stochastic volatility (TVP-VAR-SV). This
framework allows the sensitivities of the variables to evolve endogenously over time,
captures gradual regime shifts without imposing exogenous break dates, and explicitly
accounts for time-varying shock volatility. Such flexibility is essential in an environment
characterized by recurrent geopolitical disturbances and pronounced financial instability.

For each country i at time ¢, the vector of endogenous variables is defined as:

In (EXi,t )
GPRHC;

it

1)

where In(EX ;) denotes the logarithm of the bilateral exchange rate against the U.S. dollar,
and GPRHC; represents the country-specific geopolitical risk index.
The model is expressed as follows:
p
Vie=ai + ) Ajj Vit wip g ~ N (0, L) 2)
j=1

where a;; is a vector of time-varying intercepts, A;;; are time-varying autoregressive
coefficient matrices, and u; ; denotes the vector of reduced-form innovations. In line with
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the distributional evidence reported in Section 4.2, the innovations are assumed to follow a
multivariate Student-t distribution with v degrees of freedom, allowing for excess kurtosis
and extreme geopolitical shocks.

The evolution of the time-varying coefficients follows a random-walk state equation:

avec(Aj;+) = vec(Ajji—1) +1ijetije ~ N <0, Qi,j) 3)

Stochastic volatility is introduced through the time-varying covariance matrix of the
innovations:

i = Hj{*RiHj{? H,; = diag (eh“" ,Eh"'zf’),hi,k,t = hiji-1+Gikt Gikt ~ N(0,wik) 4
where each log-volatility component evolves as:
¢ -1 -T
Biotyis = bt + ) Bije Vi j+ein i ~ N(OI), T = (Bior) ' (Bioy) ®)
j=1

To identify structural geopolitical risk shocks, the reduced-form model is transformed
into its structural representation:

oIn(EX; s 1
IRFingxecpruc(f, t) = ﬁ ©)
it

> 0: depreciation of the local currency
< 0: safe haven behavior
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Figure 3. Effect of a Geopolitical Risk Shock on Exchange Rate Dynamics: Bayesian TVP-VAR Estimation.
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The time-varying coefficients estimated from the Bayesian TVP-VAR with stochas-
tic volatility reveal pronounced heterogeneity in exchange-rate responses to geopolitical
risk across OECD economies. Unlike static models that impose constant sensitivities,
the TVP-VAR framework captures the evolving and nonlinear nature of the exchange-
rate—geopolitical-risk relationship over a period characterized by successive global shocks,
including the European sovereign debt crisis (2010-2012), the escalation of Russia-Ukraine
tensions (2014) and the full-scale invasion (2022), the COVID-19 pandemic (2020), and
recurrent episodes of heightened global uncertainty. The evolution of the coefficients ex-
hibits clear shifts around these events, highlighting the state-dependent nature of currency
reactions to geopolitical stress.

In energy-exporting economies such as Australia and Canada, the estimated coeffi-
cients fluctuate in close connection with global risk sentiment and commodity-price cycles.
In Australia, the sensitivity of the exchange rate to geopolitical risk intensifies during
the European debt crisis and again around the COVID-19 period, reflecting exposure to
disruptions in global trade and Asian supply chains. These effects subsequently weaken,
indicating the capacity of a flexible exchange-rate regime and credible monetary institu-
tions to absorb external shocks. Canada displays a similar pattern, albeit with sharper
swings during 2014-2015 and 2022, when geopolitical tensions coincided with volatility in
global oil markets. The relatively rapid normalization of the coefficients points to effective
shock-absorption mechanisms.

Safe-haven economies, represented by Switzerland and Japan, exhibit a markedly
different profile. In both cases, the time-varying coefficients become persistently negative
during major uncertainty episodes, indicating systematic currency appreciation in response
to geopolitical shocks. The smooth and sustained evolution of these coefficients reflects
strong investor confidence and a recurrent flight-to-quality mechanism, particularly evident
during the COVID-19 crisis and the 2022 geopolitical escalation.

In contrast, emerging and externally vulnerable economies display heightened and
more persistent sensitivity to geopolitical risk. In Chile, Colombia, and Mexico, the coef-
ficients increase sharply during periods of global stress, especially after 2019 and during
the 2020 commodity-price collapse. These dynamics are consistent with rising risk premia,
capital outflows, and increased exposure to global financial conditions. Although the
coefficients eventually decline, their slow adjustment highlights limited shock-absorption
capacity in economies with strong external dependence.

European economies present a more nuanced picture reflecting differences in monetary
frameworks and geopolitical exposure. In the United Kingdom, coefficient estimates rise
notably during Brexit-related uncertainty, the COVID-19 pandemic, and the 2022 conflict,
underscoring heightened sensitivity in a post-Brexit environment. France, Denmark, and
Sweden exhibit more moderate and shorter-lived increases in sensitivity, consistent with
strong institutional frameworks and deeper financial markets. Sweden, in particular, shows
rapid convergence following uncertainty episodes, reflecting high policy credibility and
monetary flexibility.

Central and Eastern European economies such as Poland and Hungary experience
some of the strongest regime shifts. Their coefficients rise substantially during the 2014
Crimea crisis and again after the 2022 invasion, reflecting geographical proximity to the
conflict, energy-security concerns, and non-euro exchange-rate regimes. The persistence
of elevated coefficients suggests prolonged vulnerability to geopolitical instability and
investor risk reassessment.

Finally, other advanced economies display mixed but interpretable dynamics. In Nor-
way, coefficient increases during 2014 and 2022 reflect the interaction between geopolitical
risk and energy-export expectations. South Korea shows temporary increases in sensitivity
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during regional security tensions and global uncertainty peaks, followed by relatively rapid
normalization supported by a diversified industrial base. The United States stands apart,
with limited variation in coefficient estimates, reaffirming the dominant role of the U.S.
dollar as a global safe-haven currency.

Overall, the time-varying estimates confirm that the sign, magnitude, and persistence
of exchange-rate reactions to geopolitical shocks depend critically on economic structure,
external exposure, and monetary credibility. Safe-haven currencies (USD, CHEF, JPY) con-
sistently appreciate in response to geopolitical risk, while emerging-market currencies
(TRY, CLP, COP, MXN) tend to depreciate more strongly and persistently. Intermediate
economies (AUD, CAD, NOK, SEK) exhibit temporary but responsive adjustments. These
results underscore that the exchange-rate—geopolitical-risk nexus is neither stable nor linear,
thereby justifying the use of a time-varying framework.

5. Discussion and Conclusions

This study provides robust evidence that geopolitical risk has become a central driver
of exchange-rate dynamics across OECD economies. By employing a Bayesian TVP-VAR
framework with stochastic volatility and heavy-tailed innovations, the analysis uncovers
substantial heterogeneity in currency responses that would remain hidden under constant-
parameter specifications.

The results confirm that geopolitical risk operates as a global uncertainty channel,
influencing exchange rates primarily through shifts in investor sentiment, capital-flow
reallocations, and changes in risk premia. These effects intensify during major global
disruptions—such as the European sovereign debt crisis, the COVID-19 pandemic, and the
Russia—Ukraine conflict—periods during which pronounced regime shifts in exchange-rate
sensitivities are observed. This validates the relevance of a dynamic modeling approach
capable of capturing evolving and regime-dependent transmission mechanisms.

Three broad patterns emerge: First, safe-haven currencies, including the U.S. dollar,
the Swiss franc, and the Japanese yen, systematically appreciate during episodes of height-
ened geopolitical uncertainty, reinforcing their stabilizing role in international financial
markets. Second, energy-exporting economies such as Norway and Canada benefit from
mitigating effects linked to commodity price dynamics, which help cushion exchange-rate
pressures despite global turbulence. Third, emerging and externally vulnerable economies,
notably Turkey, Mexico, Chile, and Colombia, experience more pronounced and persistent
depreciations, driven by capital outflows, weaker institutional credibility, and heightened
exposure to global risk aversion.

From a methodological standpoint, the findings highlight the added value of incorpo-
rating time-varying parameters, stochastic volatility, and heavy-tailed innovations. The
Bayesian TVP-VAR-SV model delivers superior predictive performance relative to tradi-
tional VAR frameworks, particularly during periods of elevated volatility, confirming its
suitability for analyzing uncertainty-driven shocks.

The policy implications are significant. For advanced economies, maintaining credible
monetary frameworks and clear communication strategies is essential to mitigate spec-
ulative pressures during crises. For emerging markets, strengthening macroeconomic
fundamentals, diversifying external financing sources, and building adequate external
buffers are key to reducing vulnerability to geopolitical shocks. More broadly, the growing
frequency and intensity of geopolitical tensions underscore the importance of integrat-
ing geopolitical-risk indicators into macroeconomic surveillance and monetary-policy
decision-making.

In conclusion, geopolitical risk should be viewed as a persistent and structural factor
shaping modern exchange-rate dynamics. By capturing the evolving, asymmetric, and
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regime-dependent nature of these effects, the Bayesian TVP-VAR framework provides
valuable insights for both researchers and policymakers seeking to understand and manage
currency behavior in an increasingly uncertain global environment.
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