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Abstract

Using Russia as a case study and a global VAR model as a methodological tool, we analyze how height-
ened geopolitical risk shocks propagate across advanced economies and quantify the economic effects
of these events. The global VAR impulse response functions in response to the skyrocketing Russian geo-
political risk shock after Russia’s invasion of Ukraine revealed a contraction of GDP and an increase in
inflation. Eastern European neighboring countries are particularly affected by the Russian geopolitical
risk shock. We also document a strong component of the Russian geopolitical risk shock that is not driven
by fossil fuel prices.
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1. Introduction

After years of increasing globalization, recent times have witnessed a shift in global economic relations.
In this context, the Russian invasion of Ukraine constitutes a “Zeitenwende,” which has highlighted how
geopolitical risks (GPR) can upset hydrocarbon supply chains and result in weaponized international
trade. Consequently, the war has put countries’ risk—reward calculus under renewed scrutiny.

Even before the Russian invasion of Ukraine, geopolitical considerations have gained importance. The
US-China trade war and the military threats in the Taiwan Strait and the South China Sea have exempli-
fied the importance of political tensions and geopolitical risks as determinants of economic activity. In
both instances, the lesson is to reduce economic dependencies that could be exploited for geopolitical
gain. In addition to governmental de-risking initiatives, businesses move to blocs of like-minded coun-
tries—a strategy sometimes referred to as “nearshoring,” or “friendshoring”. One may say they are mov-
ing from “just in time” to “just in case” to make supply chains less vulnerable to geopolitical tides.*

In the face of disruptions of international supply chains and geostrategic threats highlighted by the
COVID-19 pandemic and the war in Ukraine, economic policies are increasingly being directed towards
geopolitical goals, even at the price of some duplication or inefficiency. Ultimately, this shift is paving
the way for a more fragmented version of globalization in the future.

Reshaping the world’s supply chains comes at a cost. The shift towards a more fragmented form of glob-
alization may have profound economic implications, driven predominantly by differences in comparative
cost advantage. The empirical literature provides varying estimates of the impact of increased geopolitical
fragmentation. While some studies suggest that decoupling could result in a manageable 0.2% reduction
in global GDP (Aiyar et al., 2023), others emphasize a more concerning decline ranging from 2% to 7%,
depending on the extent of fragmentation (Aiyar et al., 2023; Javorcik et al., 2022; IMF, 2023, pp. 91-
114). Against the backdrop of heightened political tensions and the associated geopolitical risks under-
mining economic prospects, our study makes three contributions.

We revisit the relationship between geopolitical risk indices and business cycles. Geopolitical fragmen-
tation risk feeds through into real economic activity because uncertainty causes businesses and consumers
to delay investment and consumption decisions. Alongside other risks, one can refer to an uncertainty
triumvirate of economic uncertainty, policy uncertainty, and geopolitical risks. Economic uncertainty re-
fers to the risk that occurs during the business cycle, while policy uncertainty is concerned with govern-
ment interventions of different kinds. Here, we focus on geopolitical risk but recognize that periods of
heightened geopolitical risk may contain elements of each going hand-in-hand. Given the transformative
“Zeitenwende” described above, the particular focus of this study is on the geopolitical risks emanating

from Russia and their macroeconomic impacts on advanced economies.

! See Jiang et al. (2022). A much-discussed question at present is whether this redivision of the world is already
taking shape. The findings from the novel bottom-up exercise by Qiu et al. (2023) indicate that since the Russian
invasion of Ukraine, global businesses are in the midst of a far-reaching de-risking realignment.



Furthermore, we provide evidence on cross-country geopolitical shock transmission. Despite the partic-
ular prominence of this issue, there are only a few studies on the cross-country economic knock-on im-
pacts of the war in Ukraine. In contrast to our multi-country global vector autoregression (GVAR) mod-
eling approach, Bruhin et al. (2023) have estimated separate structural vector autoregressions VARs with
sign restrictions for five European countries considered in the study (France, Germany, Italy, Switzerland,
and the United Kingdom). In terms of the conflict shock series, the authors draw on historical geopolitical
conflicts that were associated with fears of and/or actual disruptions in energy supply and impose sign
restrictions on their effects (the Yom Kippur War in 1973, the Middle East Conflicts in the 1980s, the
Gulf War in the 1990s, the Iraq War in the early 2000s, and the Ukraine War). Those conflicts and the
GPR shocks, which date back quite some time, are not the focus of our study. While other studies have
analyzed the GPR impacts on specific markets (see Afonso et al., 2023; Aizenman et al., 2023; Federle et
al., 2022; Li et al., 2022; Phan et al., 2022 and Wang et al., 2022), we are interested in the very topical
macroeconomic repercussions of the Russian GPR shocks.

We employ the GVAR approach by Dees et al. (2008) and Georgiadis (2015) to close this research gap
and to make an empirical contribution to this topical question. The GVAR modeling approach, originally
proposed by Pesaran et al. (2004), comprises a compact model of the advanced economies designed to
explicitly model cross-country interdependencies. The modeling approach comprises two steps. In the
first step, country-specific vector error-correcting models (VECMs) are estimated based on the conditions
of the remaining countries. These models feature domestic variables and (weighted) cross-section aver-
ages of foreign variables. In the second step, the individual country models are stacked and solved sim-
ultaneously as one large system: the global VAR model. Along with the empirical analysis, this paper
offers a set of robustness checks for the empirical application.? A particular advantage of this approach is
that the uneven reverberations of geopolitical shocks across countries can be pinpointed.® To our
knowledge, this paper presents the first application of this appealing modeling approach to the geopolit-
ical risk issue. Along with the empirical analysis, our paper offers a set of robustness checks for empirical
application.*

The main results of the paper are as follows: First, a shock in Russian GPR of the magnitude of the
Russian invasion of Ukraine results in a profound and encompassing reduction of economic activity. The

shock propagates internationally through the trade channel, with decreasing terms of trade. Rising prices

2 The empirical literature has used different modelling approaches to deal with spillover effects. Cipollini and
Mikaliunaite (2020) applied a global VAR to macroeconomic and financial data in the euro Area. Greenwood-
Nimmo et al. (2021) extended the approach by Diebold and Yilmaz (2012) and Diebold and Yilmaz (2014). Finally,
Caggiano et al. (2020) used a nonlinear smooth transition VAR model to capture economic policy uncertainty spill-
overs from the US to Canada.

3 Reversing the perspective, Bondarenko et al. (2023) have examined the repercussions of Russian GPR shocks on
the Russian economy. The GPR index employed is based on Russian-language news sources.

4 The empirical literature has used different modelling approaches to deal with spillover effects. Cipollini and
Mikaliunaite (2020) applied a global VAR to macroeconomic and financial data in the euro Area. Greenwood-
Nimmo et al. (2021) extended the approach by Diebold and Yilmaz (2012) and Diebold and Yilmaz (2014). Finally,
Caggiano et al. (2020) used a nonlinear smooth transition VAR model to capture economic policy uncertainty spill-
overs from the US to Canada.



affect consumption adversely, and a deteriorating business climate reduces investments. It takes over
three quarters before the knock-on effects begin to subside. Second, the magnitude of the geopolitical risk
matters. Russian GPR shocks prior to the invasion of Ukraine in February 2022, including the Crimean
annexation and the separatist movement in eastern Ukraine, had little to no economic impact on the rest
of the world—a sharp contrast to the repercussions of the current full-blown war. Given these results and
viewed in a broader context, this paper thus provides evidence on the impact of geopolitical and geo-
strategic challenges on the Euro-Atlantic region to uphold a free and open international order.

Finally, our results add to the conclusions of prior studies on the economic ramifications of wars. Glick
and Taylor (2010) have studied the effects of wars on bilateral trade with available data extending back
to 1870. They found large and persistent impacts of wars on trade and GDP. Caldara et al. (2022) quan-
tified the global economic impact of the recent rise in global text-mining geopolitical risk measures, find-
ing that the increase in global geopolitical risk constitutes a sizable drag on world GDP and boosts world
inflation.

The layout of this paper is as follows: Section 2 describes how we assess geopolitical risk. Section 3
introduces the empirical GVAR methodology, encapsulating several potential shock propagation chan-
nels. The presentation of the data and the GVAR model specification is given in Section 4, followed by
various model structural stability tests in Section 5. In Section 6, we report on our empirical results, with
a special focus on how the war in Ukraine has increased geopolitical risk. We present our supplementary

robustness tests in Section 7, while we present our conclusion in Section 8.

2. Geopolitical Risk Data

To estimate the effects of rising geopolitical risk tensions, we employ the geopolitical risk (GPR) indices
of Caldara and lacoviello (2022) as a proxy. The authors consider geopolitical risk as risk associated with
wars, terrorist acts, and tensions between states that affect the normal and peaceful course of international
relations. They aim to identify situations in which the power struggle between governments over territo-
ries is not resolved peacefully and democratically.

The GPR index is part of the rapidly growing literature on text search methods using newspaper archives.
To create the GPR index, Caldara and lacoviello (2022) gathered articles from electronic archives of the
Chicago Tribune, the Daily Telegraph, Financial Times, The Globe and Mail, The Guardian, the Los An-
geles Times, The New York Times, USA Today, The Wall Street Journal, and The Washington Post with
broad worldwide coverage featuring events and threats associated with geopolitical conflicts such as wars,
terrorist acts, ethnic and political violence, and geopolitical tensions. The automated text-mining search
separately identifies war threats, peace threats, military buildups, nuclear threats, terror threats, beginning

of war, escalation of war, and terror acts.®> Complementing the global geopolitical situation, GPR indices

5 Several sentiment indicators tracking the geopolitical sphere employing big data and advanced computational
techniques have been developed recently. For example, the comprehensive and innovative open-source “Global



for 44 different countries are available. Country-specific indices are calculated analogously based on the
overall GPR index, but with the supplementary requirement that articles must explicitly mention the name
of the country or its major cities to be considered for inclusion. For each of the 10 newspapers, the authors
collect monthly counts of GPR-related articles as a proportion of the total number of articles. Subse-
quently, the authors divide each monthly count by the mean from the year 2000 to the year 2009 of the
series and multiply it by 100. In essence, the GPR index acts as a barometer that captures the ebbs and
flows of geopolitical risk in real-time. In this paper, we use the Russian invasion of Ukraine as a case

study on rising geopolitical tensions and their aftermath.®

Figure 1: Quarterly Russian GPR Index from 2000Q1 through 2023Q2
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Notes: The quarterly text-mining GPR indices are calculated by the temporal aggregation of the monthly GPR in-
dices. The GPR data were sourced from https://www.matteoiacoviello.com/gpr country.htm.

Figure 1 plots the movements in the Russian GPR index from 2000Q1 through 2023Q2. The calculated
Russian GPR scores line up well with past geopolitical events that would typically be associated with
high levels of uncertainty and, likewise, the recent GPR spike in the wake of the Russian invasion of

Ukraine. The time series is characterized by various armed conflicts and terrorist acts since the turn of

Database of Events, Language and Tone” (https://www.gdeltproject.org/) extracts and parses digital news in broad-
cast, print and web media globally in over 100 languages on a daily basis, from global to local media sources. The
algorithms can identify organizations, locations, news sources and events across the world as well as emotions and
sentiments.

® Andres-Escayola et al. (2022) have explored how the selection of local-based versus foreign-based newspapers
and the number of newspapers considered influences the course of the uncertainty indices and model results based
on them. The main finding is that indices constructed by means of a sufficiently large number of newspapers from
different countries deliver extremely similar macroeconomic IRFs. Another compelling argument for the Caldara
and Tacoviello (2022) database is that the same text-mining data source enhances the cross-country comparability
of the GPR scores.



https://www.matteoiacoviello.com/gpr_country.htm
https://www.gdeltproject.org/

the millennium. First, at the beginning of the 2000s, the guerrilla phase of the 2" Chechen War led to
several GPR spikes of different sizes. Among others, these include the killing of civilians by armed Che-
chen extremists in the Moscow theater hostage crisis in October 2002. Second, Russia’s war in Georgia
over the breakaway territories of Abkhazia and South Ossetia in August 2008 is discernible in another
GPR rise. Third, the Euromaidan, the Russian annexation of Crimea in February - March 2014, and the
war in the Donbas are evident in an especially pronounced GPR increase. Finally, the recurring GPR
spikes from 2015 onwards were the result of repeatedly flaring tensions between Ukraine and Russia over
Donbas. The long-run average of these spikes is about 0.8, and the standard deviation is 0.6. Finally, in
the first quarter of 2022, the score reached 5.2, highlighting the significance of the Russian invasion of

Ukraine in fuelling political and economic insecurity around the world.’

Figure 2: The Worldwide Geopolitical Risk Landscape (February 2022 - June 2023)

Notes: The map shows the average GPR indices from March 2022 to June 2023 (Index: January 1985 - February
2022 = 1). No GPR scores are available for countries marked in white. The country-specific GPR indices were
sourced from https://www.matteoiacoviello.com/gpr_country.htm.

Figure 2 depicts a comparison between the average pre- and post-war geopolitical risk levels by country.
In this visualization, changes in GPR indices are represented using varying colors, with darker shades
indicating higher GPR scores. First, it is evident from the figure that there has been a notable global
increase in average geopolitical risk across most countries since the outbreak of the war in February 2022.
The amber shading of Russia confirms the assessment that the Russian war of aggression has turned the

security and defense architecture of Europe upside down. Second, Ukraine, being the target of

" The Russian invasion of Ukraine prompted the US and 37 other governments to adopt several packages of eco-
nomic sanctions and export controls aimed at diminishing Russia’s economic base and weakening Russia’s ability
to finance the war. For a timeline of economic sanctions, see https:/www.piie.com/blogs/realtime-economics/rus-
sias-war-ukraine-sanctions-timeline.
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https://www.piie.com/blogs/realtime-economics/russias-war-ukraine-sanctions-timeline

unprovoked Russian military aggression, is depicted with red GPR values, symbolizing the heightened
risk it faces. Third, the map emphasizes the pivotal role of geographical proximity since countries located
closer to the Russian-Ukrainian battleground have witnessed the most significant surge in domestic geo-
political risk.

In the following chapter, we will analyze how the empirical evidence stacks up, including an in-depth

analysis of the impact of Russia’s invasion of Ukraine.

3. Model

In order to capture the transmission of heightened geopolitical risks, we employ a global VAR framework.
The GVAR has been a popular choice for capturing spillover effects (Pesaran et al., 2004; Dees et al.,
2007; Georgiadis, 2015; 2016; Eickmeier and Ng, 2015; Cuaresma et al., 2016) as it offers a balanced
trade-off between parsimony and complexity. The premise of the GVAR is that each country i = 1,--, N
is modelled as a reduced VAR model with exogenous variables (VARX)

YE=b+ By 1+ -+ Byye—p + Goxt + - Ggxf_q + Hozy + -+ Hyz, + &, (1)

where y} is a vector with # variables for country i in time # and is a function of its past p lags as well as a
function of the exogenous variables x} and z,, which have ¢ and r lags, respectively. The residuals &/
have a variance-covariance matrix X!, e} ~ N(0,Z). The vector of exogenous variables x| is a weighted

average of the variables of all the other countries N — 1, namely

)

[ i2 i i N
Xe =Wiyp + Wy .ot wiye o+ wyye .

The weights Wji in equation (2) denote the relative importance of the other countries with respect to coun-
try i, whereby 3’ ; Wji = 1land Wl-i = 0 is a vector of zeros. The GVAR literature primarily employs trade-

weights (Dees et al., 2007) to model the multi-country relationships. In a few applications, however,
financial weights were also employed (Eickmeier and Ng, 2015).
The vector z; collects the global variables that affect all countries (note the omission of superscript i),

which also follows the familiar VAR form
2= By + Dyzp_y + -+ Dyzg + &7, & ~ N(0,52). (3)

The GVAR modeling framework can be motivated in two ways. Dées et al. (2007) have derived the

GVAR modeling approach as an approximation to a global factor model, while Chudik and Pesaran



(2011) have obtained the GVAR model as an approximation to a large system in which all variables are
endogenous.

A special GVAR feature is the sparse parameterization, which allows practitioners to bypass the “curse
of dimensionality” problem in large unrestricted VARSs resulting from the fact that the number of param-
eters to be estimated grows at a quadratic rate with the number of variables in the system. By contrast, in
the GVAR modeling framework, the number of parameters to be estimated for each country i = 1,---, N
is independent of N and amounts to [np + 1 + n(q + 1) + n“(r + 1)]. This independence from N also
applies to the 0.5n(n — 1) parameters of the variance-covariance matrix X!. Nonetheless, the model offers
extremely rich dynamics, as all countries mutually affect each other. Thus, even at low numbers of lags,
complex relationships arise (Cuaresma et al., 2016). Moreover, the model may be estimated in vector
error correction form (VECM) to capture both short and long-run relationships between the variables.®
An important consideration for the estimation stage is that the weighted variables of the other countries
are at least weakly exogenous—a property that can be tested. Including a large variety of countries is a
natural remedy, as within the limit, each VARX becomes a small open-economy specification (Chudik
and Pesaran, 2011; Georgiadis, 2017). This is also important if the weights are constructed to sum to one,
as a lower number of countries could overestimate the relative importance of a country.

After the estimation of N models, the GVAR can be solved in a mathematical sense (collecting all the
variables in time ¢ on the left-hand side) by simply substituting (2) for (1) and building the respective
system of equations with all N countries and global variables (3), which may be written in a companion

form:

Ayt = b + Fyt—l + Et' Gt ~ N(O, ﬂ), (4)

with y, = [ytll, oyl oy 2l zg] " and the matrices b, A, F, Q containing the estimated coeffi-

cients from the first stage weighted by Wji. This step does not involve any estimation and may be used for
structural analysis, such as calculating impulse response functions and variance or historical decomposi-
tions.

Finally, we use the generalized impulse response functions (GIRF) to quantify the effects of a GPR shock.
Contrary to the IRFs driven by Cholesky factor orthogonalization, GIRFs are order invariant.” Given an
information set Q,_;, the GIRF is defined as the difference between the forecast for a variable y¥, with a

shock d; to variable j and the forecast in the absence of the shock, namely

8 The common assumption of the multi-country GVAR modelling framework is the assumed linearity of the inter-
relationships. For a nonlinear threshold-augmented TGVAR extension of the GVAR model, see Chudik et al. (2021a,
2021b).

9 Pesaran and Shin (1998) have derived the correspondence between GIRF and Cholesky-ordering IRFs in a linear
VAR system.



5)
GIRFitan (Q-1) = E(¥sn | tie = 6,0 Qe1) — E(vEn | Qo) (

The GIREF is calculated from the moving average representation of the model given in equation (4). We
follow Dees et al. (2007) and calculate a distribution of the GIRFs using the sieve bootstrap by resampling
the residuals (Biithlmann, 1997).

4. Model Specification and Data

This section gives details on the countries and country clusters in the GVAR model. We also describe the

data in detail.
4.1 Country Selection

We focus our analysis on the European Economic Area (EEA) and the Group of Seven (G7) countries. In
the GVAR, the 26 countries are grouped, as shown in Table 1. The G7 countries comprise the United
States, Canada, Japan, Germany, France, Italy, and the UK. These seven major industrialized countries
are modelled individually in the GVAR. The remaining countries are grouped into different country clus-
ters. The Baltic region (BAL) subgroup consists of Estonia, Latvia, and Lithuania. The Nordics subgroup
(NRD) is made up of Finland, Denmark, Norway, and Sweden, while the Central and Eastern Europe
(CEE) grouping comprises Bulgaria, the Czech Republic, Hungary, Poland, Romania, and Slovakia. Fi-
nally, the remaining EEA countries in our dataset, namely Austria, Belgium, Greece, Netherlands, Portu-
gal, and Spain, form the EEA subgroup.’® Overall, the formation of country groups allows for a parsimo-
nious modeling while still estimating heterogeneous shock responses across countries. It is noteworthy
that cross-country differences can be expected in this context. To a greater extent, domestically driven
economies are likely more resilient vis-a-vis GPR spillovers than their more internationally-exposed
counterparts. Moreover, GPR contagion effects are predictably amplified by geographic proximity and

close economic ties with Russia.

10 Due to the high volatility of the macroeconomic time series resulting from the GDP recalculations since 2015,
Ireland has not been considered.



Table 1: Individual Countries and Groups of Countries in the GVAR Model

Individual G7 Coun- Baltic Central and Eastern Nordic Coun- Remaining European
tries Countries European Countries tries (NRD)  Economic Area Coun-
(BAL) (CEE) tries (EEA)
Canada (CAN) Estonia Bulgaria Denmark Austria
Germany (DEU) Latvia Czech Republic Finland Belgium
France (FRA) Lithuania Hungary Norway Greece
Italy (ITA) Poland Sweden Portugal
Japan (JPN) Romania Netherlands
United Kingdom (GBR) Slovakia Spain

United States (USA)

4.2 Data

We use the Russian GPR index as a proxy of the geopolitical tensions from Russia and model it as a
weakly exogenous global variable z;. We estimate the GPR impacts on the following variables: economic
expectations (PMI), output (¥), consumption (C), investment (/), inflation (P), and interest rates (R). Eco-
nomic expectations are predictably an important channel through which GPR shocks affect the real econ-
omy. For the expectations variable, we chose the Purchasing Manager Index (PMI) from S&P Global,
which is available for the G-7 countries. The PMI data are closely watched to better understand where
economies and markets are heading. For the remaining countries in the dataset, the Economic Sentiment
Index (ESI) from the European Commission is employed. Furthermore, we take real GDP, real personal
consumption, and real investment from the OECD database. Prices are measured by the consumer price
index (CPI) or the harmonized consumer price index (HICP) for the euro area from Eurostat. Given the
nature and diversity of recent central bank balance sheet policies, we employ the shadow short rate as a
consistent representation of the monetary policy stance (Krippner, 2013, 2020).!! For the European coun-
tries that joined the euro area later than the beginning of our sample, we take their domestic overnight
bank rates until the accession date. The vector of variables for each country is, thus, y; =
[PMI,Y,C,1,P,R], and they are transformed as follows. The PMI and ESI time series are standardized
to make them compatible with the GVAR framework, relying on identical units. ¥, C, and / are in log
levels and are seasonally adjusted, just like the CPI. The data have been obtained through Macrobond,
while the GPR time series have been sourced from https://www.matteoiacoviello.com/gpr country.htm.

Our data is quarterly and runs from 2000Q1 to 2023Q2.*2

11 The shadow short rate can be negative, reflecting the additional easing through a variety of unconventional policy
measures referred as quantitative easing (QE). See https://www.ljkmfa.com/visitors/. In line with this, the ECB
maintains a “two-pillar strategy” explicitly featuring monetary analysis beyond the interest rate pillar (ECB, 2021).
12 The sample period is constrained by the inflation series of some of the newer EU member states such as Bulgaria
and Estonia, who experienced episodes of economic turmoil in their transition periods from planned economies in
the late 1990s. For example, Bulgaria experienced hyperinflation in 1997, which did not stabilize until 1999.
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We obtain trade weights from “The Atlas of Economic Complexity” (Hausmann et al., 2019), which
compiles trade data originally sourced from the United Nations Statistical Division (COMTRADE). To
aggregate the regions, we use GDP in purchasing power parity (PPP) based weights obtained from the

World Bank. Next, we present a variety of econometric tests to validate the empirical approach.

5. Model Validation and Estimation

Before turning to the estimation, we present the calculated trade shares in Figure 3. We see a high level
of international integration among the countries and country clusters considered, which is important for
the GVAR framework, which relies on the interconnected country assumption at the estimation stage.
Although Canada, Japan, and the USA have high two-way trade flows, they are also major trading part-
ners for the remaining countries. Unsurprisingly, Germany is a highly important trading partner for all

countries, and Canada trades predominantly with the USA.

Figure 3: Calculated Trade Shares
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To set the number of lags for the endogenous and exogenous variables (p, g, 7, s), we use the Bayesian
information criteria, which support one lag for each variable. One of the advantages of the GVAR mod-
eling framework is that it offers rich dynamics even without the presence of many lags due to the inter-
connectedness of all countries (Cuaresma et al., 2016).

Next, we test for the presence of cointegration using the Johansen test, which indicates at least two long-
run relationships within each region, with up to three for the UK and Italy and four for Germany, validat-

ing the choice of the VEC model.
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Furthermore, the GVAR relies on the assumption that the linear combination of the foreign variables is
weakly exogenous. We follow the testing approach used by Dees et al. (2007), which is an F-test of the
joint significance of the error correction terms in a regression for each foreign variable. Table 2 presents

the results of the test, indicating strong evidence for no rejection of the weak exogeneity assumption.

Table 2: F-Tests for Weak Exogeneity of the Exogenous Variables in the GVAR

Region  F-test PMI Y C [ P R GPR
BAL F(4,70) 1,57 1,44 0,89 0,07 1,09 0,77 0,83
CAN F(4,70) 0,88 0,58 2,52 0,59 1,77 1,01 1,50
CEE F(2,72) 1,53 1,44 0,16 0,20 2,70 0,10 0,13
GER F(2,72) 3,51 2,23 1,37 0,08 0,76 011 0,23
FRA F(4,70) 0,74 0,83 0,85 1,46 2,34 3,53* 2,10
GBR F(2,72) 0,24 0,67 0,26 1,24 0,06 1,74 1,50
ITA F(2,72) 0,21 0,56 0,64 0,24 0,55 1,84 044
JPN F(2,72) 0,17 056 2,74 0,22 0,58 2,26 0,65
NRD F(3,71) 3,89* 200 0,90 0,85 2,97* 248  4,16%
EEA F(4,70) 2,97 0,73 094 4,02 0,50 0,88 0,78
USA F(1,73) 0,32 0,01 1,60 0,13 3,19 0,53 1,29

Note: A star (*) denotes a rejection of the weak exogeneity assumption at the 5% significance level.

Another important issue that may arise in the GVAR modeling framework is the potential instability of
the parameters over time. This is particularly relevant as the sample period comprises the COVID-19
pandemic period and the resultant disruptions to global supply chains.!® The extensive structural stability
tests in the tradition of Dees (2007), as shown in Appendix A, reveal several takeaways. Given the number
of equations and variables, we do find some evidence for structural instability, similar to the original
contribution of Dees et al. (2007). However, significant instabilities only emerge for an exceedingly small
subset of all region/variable combinations. For example, using the CUMSUM test and the Quandt (1960)
likelihood ratio (QLR) test for all potential breakpoints yields 6 and 8 instances of structural breaks
among 66 model estimates, respectively. In light of these results, we employ a sequential two-stage test-
ing procedure and apply a GVAR model specification approach based on this process.

First, we follow the approach of Schorfheide and Song (2022) by excluding observations from the early
stage of the pandemic (i.e., 2020Q2—the quarter when the pandemic's economic effects significantly
unfolded worldwide) from our sample. We note that the ongoing quarters from 2020 Q3 until 2023 Q2
are neither modified nor excluded from the sample. By doing so, we guarantee that model coefficients
are not drastically altered by extreme shifts in economic activity associated with quarantine measures

adopted to tackle the spread of the COVID-19 virus.

13 As the COVID-19 pandemic unfolded, macroeconomists struggled to make sense of their VAR models. See, for
example, Lenza and Primiceri (2022) and Schortheide and Song (2022).
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Second, we consider the potential effects of the war in Ukraine on the estimates of the long-run cointe-
gration relationships. The energy price upheavals since the Russian invasion of Ukraine have squeezed
supply and added heavily to the inflationary pressures. High inflation had an immediate negative impact
on consumption and investment. Furthermore, higher wage claims in order to recoup the real wage losses
associated with higher inflation lead to risks of mutually reinforcing feedback effects (Battistini et al.,
2022). This, together with the skyrocketing GPR scores, results in significant changes in the estimated
cointegration relationships when the estimation period is extended until 2023Q2. We tackle the instability
of the long-run VAR parameters by imposing the long-run cointegration relationships estimated until
2019Q4 as remaining valid until 2023Q2.1* On the contrary, the short-term VAR coefficients are estimated
without restriction. This allows the short-term coefficients to soak up the abnormal short-run variation
while the invariant long-term cointegration relationships stabilize the parameter estimates. We believe it
is still too soon to ascertain a break in the long-term economic propagation mechanisms. Thus, long-term
parameters should not display dramatic changes with respect to pre-war times. Next, we present the

GVAR estimation results.

6. Results

We present the estimated knock-on effects of an increase in geopolitical risk in Russia on advanced econ-
omies by computing the generalized impulse responses of all variables to a Russian GPR shock over a
period of four years. In our baseline scenario, we considered the full span of data until 2023 Q2 for the
estimation. The observed jump in the Russian GPR index after the invasion of Ukraine amounts to seven
standard deviations. Accordingly, we simulated a Russian GPR shock of this magnitude. In Figures 4 and
5, we depict the generalized impulse response functions for the six variables in the GVAR. We plotted
the median response as well as the 68% and 90% confidence intervals calculated by means of the sieve
bootstrap procedure.

The GVAR modeling results unearth several key findings. The economic knock-on effects of the Russian
GPR shock are felt throughout the Western economies, whereby the GVAR model classifies the much-
elevated Russian GPR scores as a contractionary supply shock.'® The impulse response functions indicate
a significant GDP decline in all countries as a result of the Russian GPR shock propagating within and
across countries.® After the initial hit, output declines up to two quarters before slowly recovering over

the subsequent four to six quarters. The CPI reaction is consistently positive, although not significant in

14 Detecting unknown (multiple) structural breaks in cointegrating VARs has emerged as an important problem in
the econometrics literature. In system equations models, tests for the cointegrating rank with structural change typ-
ically assume the existence of structural change, whereas tests for structural change require the knowledge of the
cointegrating rank. To the best of our knowledge, there is no test for the cointegrating rank with unknown structural
break points in cointegrating GVAR models.

15 The interdependencies across countries may foster international policy coordination to mitigate the GPR’s collat-
eral damage.

18 The contractionary supply shock estimates are consistent with Caldara et al. (2023) and Bruhin et al. (2023) who
use structural VARs to gauge the impact of the invasion of Ukraine, and with Liadze et al. (2023), who assess the
effects of the war in Ukraine using the National Institute Global Econometric Model (NiGEM).
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many cases due to wide confidence intervals.l” We find that the transmission process takes place via the
expectation and sentiment indicators as well as via consumption and investment. Businesses adopt wait-
and-see investment behavior, and consumers increase precautionary savings, exercising a drag on eco-
nomic growth.!® Finally, the GPR shock and the subsequent CPI increase also triggered a more contrac-
tionary monetary policy. Japan is one exception to this.

When the repercussions for the four country clusters are considered, some noticeable differences become
apparent. Particularly large impacts are evident in the three Baltic countries (BAL). As Russia has been
an above-average export market for the Baltic countries, these countries have experienced weakening
economic growth after sanctions were imposed against Russia following its invasion of Ukraine. In ad-
dition, Baltic countries are particularly exposed to international energy price increases. These external
dependencies also explain the high inflation rates in the Baltic states. In 2022, annual CPI inflation in the
Baltics (19.4% in Estonia, 18.9% in Lithuania, and 17.2% in Latvia) was the highest in the EU and sig-
nificantly exceeded the euro area average (8.4%). Food and energy take up the largest share of the con-
sumer basket in the Baltics compared to the euro area average (40% vs. 26%), whereas services take up
the smaller share (27% vs. 44%). Hence, a sharp increase in energy and food prices in 2022 caused by,
to a large extent, the Russian invasion of Ukraine raised overall inflation in the Baltics substantially more
than the euro area average.

At the opposite end of the spillover spectrum are the Nordic countries (NRD), where no significant GDP
or inflation effects are discernible. This is likely due to the fact that Norway is a major fossil fuel exporter.
In summary, one can say that the magnitude of cross-border GPR spillovers is larger for countries with
above-average foreign trade with Russia, relatively high bilateral trade concentration, low export diver-

sification, high energy import dependencies, and weaker external buffers.

17 In countries where demand is depressed, more expensive oil and gas could eventually weaken price pressures by
weighing on consumption and output. The model-based assessment in Attinasi et al. (2023a, 2023b) shows that geo-
strategic conflict could boost inflation by as much as 5% in the short run and around 1% over the longer term.

18 See Bobasu and De Santis (2022). The war-induced soaring inflation and tightening monetary and financial con-
ditions have also caused pent-up demand to peter out in the aftermath of COVID-19 (Dossche et al., 2022).
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Figure 4: Output, Consumption, and Investment Responses to the Russian GPR Shock,
200001 —2023Q2
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Notes: Displayed are the generalized impulse response functions to the Russian GPR shock on impact and for the
subsequent 15 quarters. Decimals represent percentage points (i.e., -0.02 equals a contraction of 2%). The shock is
scaled to seven standard deviations, mimicking the increase in the GPR index in 2023Q2. The central median im-
pulse response is indicated by the blue line. The 68% and 90% confidence intervals (CI) are presented in the light
blue and gray shaded areas, respectively. The countries are labeled with three-digit ISO codes. For the compilation
of the country clusters, see Table 1.
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2000Q1 — 2023Q2

Figure 5: Expectations, Inflation, and Interest Rate Responses to the Russian GPR Shock,
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Notes: Displayed are the generalized impulse response functions to the Russian GPR shock on impact and for the
subsequent 15 quarters. Decimals represent percentage points (i.e., -0.02 equals a contraction of 2%). The shock is
scaled to seven standard deviations, mimicking the increase in the GPR index in 2023Q2. The central median im-
pulse response is indicated by the blue line. The 68% and 90% confidence intervals (CI) are presented in the light
blue and gray shaded areas, respectively. The countries are labeled with three-digit ISO codes. For the compilation
of the country clusters, see Table 1.
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As a supplementary evaluation, Figure 6 displays the international business cycle transmission to the
Russian GPR shock for the PPP-weighted aggregate of all countries and country clusters in the GVAR.
The impacts may be interpreted as a proxy for the geopolitical repercussions of the Russian invasion of
Ukraine on the group of like-minded sanctioning countries. The generalized impulse response functions
in Figure 6 reveal a significant slowdown in economic growth. The contractionary GDP impact of the
GPR shock is about 1.5% for three quarters in a row, followed by a gradual recovery. The inflation impact
of the contractionary supply shock is positive, albeit poorly significant. The reason for the statistical
insignificance is the heterogeneous exposure to the Russian pipeline gas supply freeze and the subsequent
varying energy price increases. In this regard, Figure 6 hides divergent degrees of impact across countries

and/or country groups, as evident in Figures 4 and 5.

Figure 6: Weighted Aggregate Qutput and Inflation Impacts on the Russian GPR Shock,
2000Q1 —2023Q2
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Notes: The weighted aggregation was executed using purchasing power parity (PPP) USD. Displayed are the gen-
eralized impulse response functions to the Russian GPR shock on impact and for the subsequent 15 quarters. Deci-
mals represent percentage points (i.e., -0.02 equals a contraction of 2%). The shock is scaled to seven standard
deviations, mimicking the increase in the GPR index in 2023Q2. The central median impulse response is indicated
by the blue line. The 68% and 90% confidence intervals (CI) are presented in the light blue and gray shaded areas,
respectively.

7. Robustness

Finally, three robustness tests are presented to complement the analysis. The supplementary tests aim to
identify the specific contribution of the geopolitical shock triggered by the Russian invasion of Ukraine.
To achieve a meaningful cross-comparison, the Russian GPR increase following the invasion of Ukraine
is assumed to be a shock in all scenarios. In other words, possible differences in the generalized impulse
response functions for different sample periods and/or GVAR model specifications are not due to differ-
ent shock sizes but rather to differing economic relationships.

As part of the multi-stage approach, the GVAR model is first estimated up to 2019Q4, thus excluding
both the COVID-19 pandemic shock and the knock-on impact of the Russian invasion of Ukraine in

2022Q1. By contrast, the illegal annexation of the Crimean peninsula in 2014 is included in the sub-
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sample. Appendix B1 contrasts the generalized impulse responses and associated 90% confidence inter-
vals up to 2019Q4 with those for the entire sample period up to 2023Q2. The head-to-head comparison
reveals two findings for the pre-pandemic sample period of 2000Q1 —2019Q4. First, no discernible GDP
setback as a result of the hypothetical Russian GPR shock is recognizable. Second, with a few exceptions,
no rise in inflation has been observed. These findings are reflective of the rather vaguely formulated
sanctions imposed by the US, the EU, and other like-minded countries against Russia in the aftermath of
the annexation of the Crimean peninsula in 2014, including the exclusion of Russia from the G8, as well
as restrictions on specific firms and individuals with close ties to the Russian government. The sanctions
also included restrictions on the export and re-export of technology for the Russian defense sectors, while
many other technology exports—especially those aimed at the Russian energy sector—were exempt from
the trade restrictions. Russian crude oil and natural gas exports were also unaffected, partly because of
the fear of Russia retaliating by cutting off natural gas supplies. Overall, the sanctions at the time were
rather half-hearted and had hardly any impact.*®

In the second step of the robustness analysis, the generalized impulse responses for the baseline GVAR
model estimated over the pre-pandemic sample period 2000Q1-2019Q4 and the pre-war sample period
2000Q1-2021Q4 were compared. The pre-war sample period 2000Q1-2021Q4 includes the COVID-19
pandemic but does not account for the impacts of the full-scale invasion of Ukraine in 2022Q1. The
comparison of the generalized impulse response functions to the hypothetical Russian GPR shock for
both sample periods is graphically illustrated in Appendix B2. One main observation emerges. While the
generalized impulse responses for the sample period from 2000Q1 — 2021Q4 show comparatively larger
pandemic-induced downturns in GDP and CPI inflation, these downturns are not statistically significant.
All in all, the GPR spillovers underline that the estimation results for the entire sample period from
2000Q1-2023Q2 are not due to the effects of the COVID-19 pandemic.

Finally, we tested for the robustness of our results by explicitly including fossil fuel prices as an additional
exogenous variable in the GVAR framework. To this end, we employed the “HWWI Energy Raw Mate-

rials Price Index” (https://www.hwwi.org/en/data-offers/commodity-price-index/). The HWWI fossil fuel

price index consists of the three most relevant forms of energy commodities: crude oil, coal, and natural
gas. The index weightings calculated from the corresponding import shares of the OECD countries for
2017 - 2019 are 70% for crude oil, 8% for coal, and 22% for natural gas, respectively. The generalized
impulse response functions for the estimation period from 2000Q1 - 2023Q for a GVAR model with and
without the HWWI fossil fuel price index are illustrated in Appendix B3. In economic terms, the com-
parison of the impulse responses provides a conceptual decomposition of the entire Russian GPR shock
impact into the “pure” weaponized fossil fuel price impact on the one hand and all remaining GPR-in-

duced impediments to the growth process on the other hand. The latter include, among others, slowing

19 For the economic footprint of layered sanctions and countersanctions following Russia’s annexation of Crimea in
2014, see Ashford (2016) and Belin and Hanousek (2021). Korovkin and Makarin (2023) have shown that during
the Russian-Ukrainian war in the Donbass in 2014, established Russian trade networks with geographically close
Ukrainian businesses were particularly disrupted.
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global trade and foreign direct investments, declining exports to Russia, heightened uncertainty taking a
toll by delaying consumption and investment decisions, tightened financing conditions for households
and businesses due to central banks’ need to bring inflation back to target rates, the economic fallout of
supply chain disruptions, and governments facing substantially higher sovereign bond yields to finance
their sizable fiscal deficits. The decomposition thus opens the door to a richer understanding of the trans-
mission process of the Russian GPR shock on economic growth while at the same time pointing to po-
tential levers for economic policy. Zooming in on the detailed impulse response functions in Appendix
B3 reveals a short to medium-term peak-rebound trajectory of GDP. Moreover, the declining expectations
proxy is reflective of an increase in perceived uncertainty and subsequent drop in consumption and in-
vestment. Taken together, this confirms that the contractionary Russian GPR supply shock unfolds by
means of a multitude of the same directional and mutually interacting transmission processes. As ex-
pected, the magnitude of the GDP and inflationary effects of the energy price increases are particularly
pronounced in the European countries affected by the loss of cheap pipeline gas. This result elucidates
why economic policy debates in many European countries have shifted to developing fiscal stabilization
packages designed to cushion households and businesses from the energy crisis.? It also confirms the

findings on the weighted aggregated effects in Figure 6.

8. Conclusion

After years of increasing globalization, geopolitics has fundamentally changed the global economy and
will continue to do so. The COVID-19 pandemic and the resultant disruptions to global supply chains
have heightened concerns about supply security and have brought about a preference for reshoring and
friendshoring. More than anything else, the Russian invasion of Ukraine in February 2022 has altered the
geopolitical landscape and triggered a seismic shift in the global order. As Russia cut natural gas supplies
and energy prices skyrocketed, a new preference for de-risking policies designed to avoid excessive de-
pendencies emerged. It is, as yet, unclear how far the geoeconomic fragmentation will go. However, there
is no doubt that this current period represents a significant turning point in the global order, and global
economic integration is at risk of fragmentation driven by strategic considerations.?

The unprecedented increases in Russian GPR scores after the invasion of Ukraine raise the question of
the extent to which geopolitical tensions and risks threaten the outlook for industrialized economies. The
multi-country GVAR approach enables us to measure how Russian GPR disturbances propagate across
interconnected countries and how this propagation mechanism evolves over time, which is a particularly

appealing feature given the diversity of international countries. This paper thus contributes to the

2 For a fiscal policy tracker of measures shielding European consumers from the direct impact of rising energy
prices, see https://www.bruegel.org/dataset/national-policies-shield-consumers-rising-energy-prices.

21 This assessment is supported by the fact that already since the global financial crisis 2008-2009, growing anti-
trade sentiment has rippled across countries, polarizing politics within them. At the core is the political globalization
trilemma view according to which global economic integration, national sovereignty, and democracy are mutually
incompatible. See Funke and Zhong (2024).
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literature on international business cycle transmission by systematically analyzing the channels through
which GPR spillovers are transmitted to other countries. To our knowledge, this paper presents the first
analysis of the unprecedented increases in Russian GPR scores since the invasion of Ukraine.

As the contractionary GPR supply shocks unfold, the attendant uncertainty exercises a drag on economic
growth, for example, as firms delay investment decisions and households increase precautionary savings.
How these impacts will evolve in the longer run is difficult to predict. The impacts are sharp at the busi-
ness cycle horizon because the elasticities of substitution are lower. However, economies are adaptive.
The experience of European countries in dealing with the Russian natural gas cut-off is a case in point.??
The results from this study have notable implications for geopolitical policy designs that aim to rearrange
international supply chains to make them less vulnerable to geopolitical tides. An important economic
policy question in this context will be whether a “de-risk™ strategy can be achieved without concomitant

growth-reducing “decoupling.”

22 The idea that elasticities increase with time has become known as the so-called Le Chatelier principle (Milgrom
and Roberts, 1996). See Atkeson and Kehoe (1999) for models of energy use that rationalize the Le Chatelier prin-
ciple.

19



References

Afonso, A., Alves, J. and S. Monteiro (2023) “Beyond Borders: Assessing the Influence of Geopolitical
Tensions on Sovereign Risk Dynamics”, CESifo Working Paper No. 10801, Munich.

Aiyar, S., Chen, J., Ebeke, C., Garcia-Saltos, R., Gudmundsson, T., Ilyina, A., Kangur, A., Kunaratskul,
T., Rodriguez, S., Ruta, M., Schulze, T., Soderberg G. and J.P. Trevino (2023) “Geoeconomic Fragmen-
tation and the Future of Multilateralism”, IMF Staff Discussion Notes SDN/2023/001, Washington DC.

Aizenman, J., Lindahl, R., Stenvall, D. and G.S. Uddin (2023) “Geopolitical Shocks and Commodity
Market Dynamics: New Evidence from the Russian-Ukraine Conflict”, NBER Working Paper No. 31950,
Cambridge (Mass.).

Andres-Escayola, E., Ghirelli, C., Molina, L., Pérez, J.J. and E. Vidal (2022) “Using Newspapers for
Textual Indicators: Which and How Many?”, Banco de Espaiia Documentos de Trabajo No. 2235, Ma-
drid.

Angelini, G., Bacchiocchi, E., Caggiano, G. and L. Fanelli (2019) “Uncertainty across Volatility Re-
gimes”, Journal of Applied Econometrics 34, 437-455.

Ashford, E. (2016) “Not-So-Smart Sanctions: The Failure of Western Restrictions Against Russia”, For-
eign Affairs 95, No. 1, 114-123.

Attinasi, M.G., Boeckelmann, L. and B, Meunier (2023a) “Friend-Shoring Global Value Chains: A
Model-Based Assessment”, ECB Economic Bulletin, Issue 2/2023, 59-66.

Attinasi, M.G., Boeckelmann, L. and B, Meunier (2023b) “The Economic Costs of Supply Chain Decou-
pling”, ECB Working Paper No. 2839, Frankfurt.

Battistini, N., Di Nino, V., Dossche, M. and Kolndrekaj, A. (2022) “Energy Prices and Private Consump-
tion: What are the Channels?”, ECB Economic Bulletin, Issue 3/2022, 69-84.

Belin, M. and J. Hanousek (2021) “Which Sanctions Matter? Analysis of the EU/Russian Sanctions of
2014”, Journal of Comparative Economics 49, 244-257.

Bobasu, A. and R.A. De Santis (2022) “The Impact of the Russian Invasion of Ukraine on Euro Area
Activity via the Uncertainty Channel”, ECB Economic Bulletin No. 4/2022, 54-57.

Bondarenko, Y., Lewis, V., Rottner M. and Y. Schiiler (2023) “Geopolitical Risk Perceptions”, CEPR
Discussion Paper No. 18123, London.

Bruhin, J.M., Scheufele, R. and Y. Stucki (2023) “The Economic Impact of Russia’s Invasion of Ukraine
on European Countries - A SVAR Approach”, SNB Working Paper No. 4/2023; Zurich.

Biihlmann, P. (1997) “Sieve Bootstrap for Time Series”, Bernoulli 3, , 123.

Caggiano, G., Castelnuovo, E. and J. Figueres (2020) “Economic Policy Uncertainty Spillovers in Booms
and Busts”, Oxford Bulletin of Economics and Statistics 82, 125-155.

Caldara, D., Conlisk, S., Iacoviello, M. and M. Penn (2022) “The Effect of the War in Ukraine on Global
Activity and Inflation”, FEDS Notes, Board of Governors of the Federal Reserve System, Washington.

Caldara, D., Fuentes-Albero, C., Gilchrist, S. and E. Zakrajsek (2016) “The Macroeconomic Impact of
Financial and Uncertainty Shocks”, European Economic Review 88, 185-207.

20



Caldara, D. and M. lacoviello (2022) “Measuring Geopolitical Risk”, American Economic Review 112,
1194-1225.

Carriero, A., Clark, T. and M. Marcellino (2018) “Measuring Uncertainty and its Impact on the Econ-
omy”, Review of Economics and Statistics 100, 799-815.

Cesa-Bianchi, A., Pesaran, H. and A. Rebucci (2020) “Uncertainty and Economic Activity: A Multicoun-
try Perspective”, Review of Financial Studies 33, 3393-3445.

Chudik, A., Mehdi, R., Mohaddes, K., Pesaran, M.H. and A. Rebucci (2021a) “A Counterfactual Eco-
nomic Analysis of COVID-19 Using a Threshold Augmented Multi-Country Model”, Journal of Inter-
national Money and Finance 119, 102477.

Chudik, A., Mohaddes, K. and M. Raissi (2021b) “COVID-19 Fiscal Support and its Effectiveness”, Eco-
nomics Letters 205, 109939.

Chudik, A. and M.H. Pesaran (2011) “Infinite Dimensional VARs and Factor Models”, Journal of Econ-
ometrics 163, 4-22.

Cipollini, A. and 1. Mikaliunaite (2020) ‘‘Macro-Uncertainty and Financial Stress Spillovers in the Eu-
rozone’, Economic Modelling 89, 546-558.

Cuaresma, J. C., M. Feldkircher, and F. Huber (2016) “Forecasting with Global Vector Autoregressive
Models: A Bayesian Approach”, Journal of Applied Econometrics 31, 1371-1391.

Dées, S., di Mauro, F., Pesaran, M. and L. Smith (2007) “Exploring the International Linkages of the
Euro Area: A Global VAR Analysis”, Journal of Applied Econometrics 22, 1-38.

Diebold, F. and K. Yilmaz (2012) “‘Better to Give Than to Receive: Predictive Directional Measurement
of Volatility Spillovers’’, International Journal of Forecasting 28, 57-66.

Diebold, F. and K. Yilmaz (2014) ‘‘On the Network Topology of Variance Decompositions: Measuring
the Connectedness of Financial Firms’’, Journal of Econometrics 182, 119-134.

Dossche, M., Georgarakos, D., Kolndrekaj, A. and F. Tavares (2022) “Household Saving during the
COVID-19 Pandemic and Implications for the Recovery of Consumption”, ECB Economic Bulletin No.
5/2022, 47-51.

Eickmeier, S., and T. Ng (2015) “How Do US Credit Supply Shocks Propagate Internationally? A GVAR
Approach”, European Economic Review 74, 128-145.

European Central Bank (2021) “An Overview of the ECB’s Monetary Policy Strategy”, ECB Economic
Bulletin No. 5/2021, 75-89.

European Central Bank (2023) “The EU's Open Strategic Autonomy from a Central Banking Perspective.
Challenges to the Monetary Policy Landscape from a Changing Geopolitical Environment”, ECB Occa-
sional Paper No.2023/311, Frankfurt.

Federle, J., Meier, A., Miiller, G. and V. Sehn (2022) “Proximity to War: The Stock Market Response to
the Russian Invasion of Ukraine”, CEPR Discussion Paper No. 17185, London.

Funke, M. and D. Zhong (2024) “The Political Globalization Trilemma Revisited: An Empirical Assess-
ment Across Countries and Over Time”, Economics & Politics (forthcoming).

21



Georgiadis, G. (2015) “Examining Asymmetries in the Transmission of Monetary Policy in the Euro
Area: Evidence from a Mixed Cross-Section Global VAR Model”, European Economic Review 75, 195-
215.

Georgiadis, G. (2016) “Determinants of Global Spillovers from US Monetary Policy ”, Journal of Inter-
national Money and Finance 67, 41-61.

Georgiadis, G. (2017) “To Bi, or Not to Bi? Differences between Spillover Estimates from Bilateral and
Multilateral Multi-Country Models”, Journal of International Economics 107, 1-18.

Glick, R. and A.M. Taylor (2010) “Collateral Damage: Trade Disruption and the Economic Impact of
War”, Review of Economics and Statistics 92, 102-127.

Greenwood-Nimmo, M., Nguyen, V. and Y. Shin (2021) ‘‘Measuring the Connectedness of the Global
Economy”’, International Journal of Forecasting 37, 899-919.

Hausmann R., Hidalgo C.A., Bustos S., Coscia M., Chung S., Jimenez J., Simoes A., and M. Yildirim
(2019) “The Atlas of Economic Complexity”, The Growth Lab at Harvard University, Cambridge.

IMF (2023) World Economic Outlook, April, Washington DC.

Javorcik, B.S., Kitzmueller, L., Schweiger, H. and A. Yildirim (2022) “Economic Costs of Friend-Shor-
ing”, EBRD Working Paper No. 274, London.

Jiang, B., Rigobon, D. and R. Rigobon, R. (2022) “From Just-in-Time, to Just-in-Case, to Just-in-Worst-
Case: Simple Models of a Global Supply Chain under Uncertain Aggregate Shocks”, IMF Economic
Review 70, 141-184.

Jurado, K., Ludvigson, S. and S. Ng (2015) “Measuring Uncertainty”, American Economic Review 105,
1177-1216.

Korovkin, V. and A. Makarin (2023) “Conflict and Intergroup Trade: Evidence from the 2014 Russia-
Ukraine Crisis”, American Economic Review 113, 34-70.

Krippner, L. (2013) “Measuring the Stance of Monetary Policy in Zero Lower Bound Environments”,
Economics Letters 118, 135-138.

Krippner, L. (2020) “A Note of Caution on Shadow Rate Estimates”, Journal of Money, Credit and Bank-
ing 52, 951-962.

Lenza M. and G. Primiceri (2022) “How to Estimate a VAR after March 20207, Journal of Applied Econ-
ometrics 37, 688-699

Li, S., Tu, D., Zeng, Y., Gong, C. and D. Yuan (2022) “Does Geopolitical Risk Matter in Crude Oil and
Stock Markets? Evidence From Disaggregated Data”, Fnergy Economics 113, 106191.

Liadze 1., Macchiarelli C., Mortimer-Lee P. and P. Sanchez Juanino (2023) “Economic Costs of the Rus-
sia-Ukraine War”, The World Economy 46, 874-886.

Ludvigson, S., Ma, S. and S. Ng (2021) “Uncertainty and Business Cycles: Exogenous Impulse or En-
dogenous Response?”, American Economic Journal: Macroeconomics 13, 369-410.

Mumtaz, H., and K. Theodoridis (2015) “The International Transmission of Volatility Shocks: An Em-
pirical Analysis”, Journal of the European Economic Association 13, 512-523.

22



Quandt, R.E. (1969) “Tests of the Hypothesis That a Linear Regression Obeys Two Separate Regimes”,
Journal of the American Statistical Association 55, 324-330.

Pesaran, M.H., Schuermann, T. and S.M. Weiner (2004) “Modelling Regional Interdependencies Using a
Global Error-Correcting Macroeconometric Model”, Journal of Business and Economics Statistics 22,

129-162.

Pesaran, M. H., and Y. Shin (1998) “Generalized Impulse Response Analysis in Linear Multivariate Mod-
els”, Economics Letters 58, , 17-29.

Phan, D.H.B., Tran, V.T. and B.N. Iyke (2022) “Geopolitical Risk and Bank Stability”, Finance Research
Letters, 46, 102453.

Qiu, H,. Shin, H.S. and L.S.Y. Zhang (2023) “Mapping the Realignment of Global Value Chains”, BIS
Bulletin No. 78, Basel.

Schortheide, F., and D. Song (2022) “Real-Time Forecasting with a (Standard) Mixed-Frequency VAR
During a Pandemic”, International Journal of Central Banking (forthcoming).

Wang, Y., Bouri, E., Fareed, Z. and Y. Dai (2022) “Geopolitical Risk and the Systemic Risk in the Com-
modity Markets Under the war in Ukraine”, Finance Research Letters 49, 103066.

23



Appendices to “Economic Knock-On Effects of Russia’s Geopolitical
Risk on Advanced Economies: A Global VAR Approach”

Appendix A: Structural Stability Tests

Number of Rejections of the Null of Parameter Constancy per Variable in the Country-Specific
Models at the 5% Level

Alternative Domestic Variables (%) Numbers
Test Statistics (%)
PMI Y C | Pl R

PKeop 2 (0.18) 1 (0.09) 1 (0.09) 1 (0.09) 0 (0) 0 (0) 5 (0.08)
PKonsq 1 (0.09) 3 (0.27) 1 (0.09) 1 (0.09) 0 (0) 0 (0) 6 (0.09)
Nyblom 2 (0.18) 3 (0.27) 4 (0.36) 3 (0.27) 3 (0.27) 7 (0.64) 22 (0.33)
robust- 1 (0.09) 2 (0.18) 2 (0.18) 5 (045 3 (0.27) 3 (0.27) 16 (0.24)
Nyblom

OLR 3 (027) 4 (0.36) 6 (055 2 (0.18) 3 (0.27) 2 (0.18) 20 (0.3)
robust-QLR 0 (0) 3 (027) 2 (0.18) 1 (0.09) 1 (0.09) 1 (0.09) 8 (0.12)
MW 2 (0.18) 3 (0.27) 6 (055 4 (0.36) 3 (0.27) 5 (045) 23 (0.35)
obustMw 2 (018) 3 (027) 3 (027) 6 (055 2 (0.18) 1 (0.09) 17 (0.26)
APW 2 (0.18) 3 (027) 6 (055 2 (0.18) 3 (0.27) 2 (0.18) 18 (0.27)
robust-APW O (0) 3 (027) 1 (0.09) 3 (027) 1 (0.09) 1 (0.09) 9 (0.14)

Notes: PKsup and PKiysq denote Ploberger and Krdmer’s (1992) maximal OLS cumulative sum (CUSUM) statistic
for the identification of a structural break in the underlying time series. To test for the stability of the parameters,
we use the Nyblom (1989) test. A battery of sequential Wald-type tests is employed designed to identify a single
break at an unknown change point: the Wald form of Quandt’s (1960) likelihood ratio statistic (QLR), the mean
Wald statistic (MW) of Hansen (1992) and Andrews and Ploberger (1994) and the Andrews and Ploberger (1994)
Wald statistic based on the exponential average (APW). The prefix ‘robust’ denotes that a heteroskedasticity-
robust version of the test is applied. All test results correspond to a significance level of 5%.

Additional References:

Andrews D. W. K. and W. Ploberger (1994) “Optimal Tests when a Nuisance Parameter is Present only
Under the Alternative”, Econometrica 62: 1383-1414.

Hansen B.E. (1992) “Tests for Parameter Instability in Regressions with I(1) Processes”, Journal of
Business and Economic Statistics 10: 321-336.

Nyblom J. (1989) “Testing for the Constancy of Parameters over Time”, Journal of the American Sta-
tistical Association, 84: 223-230.

Ploberger, W., and W. Kriamer (1992) “The CUSUM Test with OLS Residuals”, Econometrica 60: 271-
286.
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Appendix B1: Generalized Impulse Responses to the Russian GPR Shock, 2000Q1 — 2019Q4 versus 2000Q1 — 2023Q2
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Notes: Displayed are the GIRFS to the Russian GPR shock on impact and for the subsequent 15 quarters. Decimals represent percentage points, i.e., -0.02 equals a contraction of
2%. The shock is scaled to seven standard deviations, mimicking the increase in the GPR index in 2023Q2. The central median impulse responses are given by the solid red and
dashed black lines. The 90% confidence intervals are presented by the red and gray shaded areas, respectively. The countries are labeled with three-digit ISO codes. For the
compilation of the country clusters, see Table 1.
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Appendix B2: Generalized Impulse Responses to the Russian GPR Shock, 2000Q1 — 2019Q4 versus 2000Q1 —2021Q4
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Notes: Displayed are the GIRFS to the Russian GPR shock on impact and for the subsequent 15 quarters. Decimals represent percentage points, i.e., -0.02 equals a contraction of
2%. The shock is scaled to seven standard deviations, mimicking the increase in the GPR index in 2023Q2. The central median impulse responses are given by the solid red and
dashed black lines. The 90% confidence intervals are presented by the red and gray shaded areas, respectively. The countries are labeled with three-digit ISO codes. For the
compilation of the country clusters, see Table 1.
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Appendix B3: Generalized Impulse Responses to the Russian GPR Shock With versus Without Fossil Fuel Prices, 2000Q1 — 2023Q2
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Notes: Displayed are the GIRFS to the Russian GPR shock on impact and for the subsequent 15 quarters. Decimals represent percentage points, i.e., -0.02 equals a contraction of
2%. The shock is scaled to seven standard deviations, mimicking the increase in the GPR index in 2023Q2. The central median GIRFs for the baseline GVAR model are given by
the solid red lines; the dashed black lines give the GIRFs for the GVAR, including the HWWTI fossil fuel price index. The 90% confidence intervals are presented by the red and
gray shaded areas, respectively. The countries are labeled with three-digit ISO codes. For the compilation of the country clusters, see Table 1.
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