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ABSTRACT

This paper analyzes the dynamic interdependence between the bond market, crude oil prices, geopolitical
instability, and financial volatility. The objective is to understand how these factors interact and transmit
each other over time, particularly during periods of major financial and geopolitical crises. Data. The study
covers the period 2000-2024 and uses data on sovereign bond yields, crude oil prices (WTI and Brent),
the geopolitical instability index of Caldara and lacoviello (2022), as well as financial volatility indicators
(VIX and MOVE). Methods. Empirically, we combine a structural vector autoregression (VAR) model to
identify exogenous shocks, a Dynamic Conditional Correlation — Generalized Autoregressive Conditional
Heteroskedasticity (DCC-GARCH) model to examine the temporal evolution of correlations, and structural
break tests to highlight the effect of crises (global financial crisis, COVID-19, conflict in Ukraine). The results
show a significant non-Llinear interdependence between the four dimensions studied. Oil and geopolitical
shocks strongly influence bond yields and increase financial volatility, with more pronounced effects in
emerging countries than in developed economies. Dynamic correlations indicate an intensification of
risk transmission during periods of crisis, suggesting an amplifying role of geopolitical instability in the
propagation of financial shocks. Contribution. This work is distinguished by the joint integration of the bond
market, oil, geopolitical instability and financial volatility in a single dynamic framework. Unlike previous
studies that focus on bilateral relationships (oil — bonds or geopolitics — financial markets), this research
proposes a systemic approach highlighting the multiple channels of risk transmission.
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OPUTMHAJIbHASA CTATbA

duHaMuyeckaa B3aMM03aBUCUMOCTb

MeXAay pbIHKOM obnurauum, LeHaMu Ha HedTb,

reonoNIMTUYECKOM HeCTaOUIbHOCTbIO

U GPUHAHCOBOM BONATUIbHOCTbIO e nen
.M.C. lep6anu

YHusepcuteT Tanba, MeguHa, Caynosckas Apasusi

AHHOTALUA
B paHHOM paboTe aHanu3mnpyeTcs AnMHaAMMYeckas B3aMM0O3aBUCUMMOCTb MEXAY PbIHKOM 0BAMTraLMid, LeHaMu
Ha HedTb, reonoNMTUYECKOM HECTaBUIbHOCTbIO M PUHAHCOBOM BONATUNLHOCTLIO. Llenb cocTounT B TOM, YTOOBI
MOHATb, KaK 3TU (aKTOPbl B3aMMOAENCTBYHOT C TEYEHMEM BPEMEHU, 0COBEHHO B MEPUOAbI KPYMHbIX (GUHAH-
COBbIX M TEe0NOAUTUYECKMX KpU3MCOB. laHHble. MiccnenoBaHmne oxBaTtbiBaeT nepuon 2000-2024 rr. u uc-
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NoNb3yeT AaHHble O AOXOAHOCTM CyBepeHHbIX 0bnuraumi, ueHax Ha HedTb (Mapok WTI u Brent), nnaekce
reononmMTUYeckon HectabunbHoctn Kanbaapbl u fkosuenno (2022), a Takxke nHAMKaTOpax GUHAHCOBOM BO-
natunbHoctn (VIX 1 MOVE). MeTtoabl. SMNMpUyecku Mbl 06beAMHUAN CTPYKTYPHYO MOAE/Nb BEKTOPHOM aBTO-
perpeccumn (VAR) ons BbISIBNEHUS 3K30M€HHbIX LLOKOB, MOAESb AMHAMMYECKOM YC/IOBHOM Koppensuun — 060-
OLLeHHONM aBTOperpeccMoHHon ycnoBHoM retepockeaactuyHoctn (DCC-GARCH) ong u3yyeHus BpeMeHHOM
3BONMOLMUN KOPPENALMIA U TECTbI HA CTPYKTYPHbIE Pa3pbiBbl A9 BbISBNEHUS BAUSHUS KPU3UCOB (r106anbHbIii
duHaHcoBbI Kpusunc, COVID-19, KoHOAUKT Ha YkpauHe). Pe3ynbTaTbl MOKa3biBAT 3HAUYMTENbHY HEMHEN-
HYI0 B3aMM03aBUCMMOCTb MEXAY YETbIpbM$S UCCNIef0BaHHbIMU hakTopaMu. HedTaHbie U reononmMTnyeckme
LOKMW CUIbHO BAUSIKOT HA AOXOAHOCTb OOAMTaLMIA M NOBbIWAKT GUHAHCOBYHK BONATUIBHOCTb, Npuyem 3¢-
(dekT 6onee BblpaXkeH B pa3BMBAKLLMXCS CTPAHAX, YEM B PA3BUTbIX. JMHaMUUeCKMe KOppensumm yKasbiBaoT
Ha ycunieHue nepefayu pucka B Nepuoabl KpU3sunca, npeanonaras akTMBHOE BAMSHUE reonoaMTUYeCKON
HeCcTabuabHOCTM Ha pacnpocTpaHeHMe PUHAHCOBbLIX WOKOB. HayuHbl Bknaa. JaHHas paboTta otanyaeTcs
nHTerpaumen hakTopoB pbiHKa 06aurauni, He@Tn, reoNOANTUYECKON HECTaBMABHOCTU U PUHAHCOBOM BO-
NaTUNbHOCTU B €AMHYI0 AMHAMUYECKY MoAenb. B oTanume oT npeabiaylimx uccnefoBaHui, Kotopble dhoky-
CMPOBANIUCb HA ABYCTOPOHHUX OTHOLWEHUAX (HedTb — 06AMraLMmn UM reonoanTUkKa — GUHAHCOBbIE PbIHKM),
[laHHOe uccnenoBaHue npeanaraeT CUCTEMHbINA MOAXOA, NOAYEPKMBAIOLLMIA MHOXECTBEHHbIE KaHanbl nepe-
[laum pucka.

Kntouessie cnosa: pbiHOK 06Mraumii; LeHa Ha HedTb; reononnTUYECKas HeCTabuabHOCTb; (GUMHAHCOBAs Bona-
TUNBbHOCTb; AMHAMMYECKAS B3aMMO3aBUCUMMOCTb; Nepeaaya LOKOB

Ansa yumuposarus: Derbali A.M.S. Dynamic interdependence between the bond market, crude oil price,
geopolitical instability and financial volatility. Review of Business and Economics Studies. 2026;14(2):59-84.
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1. Introduction

Bond markets occupy a central place in the in-
ternational financial system. They are a key
instrument for financing governments and
a benchmark for monetary policy. As the bench-
mark for the yield curve, bond yields reflect not
only investor confidence but also expectations
related to inflation, growth, and macroeconomic
stability [1].

At the same time, crude oil remains a strategic
resource for the global economy:. Its fluctuations
directly affect production costs, inflation, and the
balance of payments. Oil shocks are recognized as
one of the major determinants of macrofinancial
dynamics, potentially influencing the valuation
of sovereign bonds and changing investor be-
havior [2].

Geopolitical instability serves as an ampli-
fier of these dynamics. Political tensions, armed
conflicts, and economic sanctions can disrupt
energy supply, increase uncertainty, and reinforce
the volatility of international financial flows [3].
In a globalized environment, these exogenous
shocks quickly become integrated into the expec-
tations of bond and energy markets, accentuating
the interconnections between them.

Financial volatility acts as a transmission
channel. Reflected by indicators such as the VIX
(stock market volatility) or the MOVE (bond vola-
tility), it captures the collective expectations of

investors and transmits shocks between markets
[4]. Understanding its role is essential for assess-
ing the resilience of the financial system.

The objective of this paper is to examine the
dynamic interdependence between the bond mar-
ket, crude oil price, geopolitical instability, and
financial volatility. We ask the following research
question: to what extent are oil and geopolitical
shocks transmitted to bond markets and financial
volatility, and how do these interactions evolve
over time?

Our assumptions suppose that oil and geopo-
litical shocks have a significant effect on bond
yields; these effects are amplified during periods
of crisis (2008, 2020, 2022), and volatility plays
a mediating role in the propagation of these
shocks between financial markets.

Preliminary results indicate that geopoliti-
cal instability and oil price fluctuations generate
increased volatility, which in turn impacts bond
markets. The effect is particularly pronounced
during periods of crisis, confirming the existence
of enhanced dynamic interdependence.

The remainder of this paper is organized as
follows. Section 2 presents the literature review.
Section 3 presents the methodology and data.
Section 4 discusses the empirical results. Section
5 develops a discussion and implications for in-
vestors and policymakers. Finally, Section 6 con-
cludes and suggests avenues for future research.
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2. Literature review

The analysis of the interactions between the
bond market, oil prices, geopolitical instabil-
ity, and financial volatility is part of a rich but
fragmented literature. Three main streams of re-
search can be distinguished: (i) the relationship
between oil and bond markets, (ii) the impact of
geopolitical instability on financial markets, and
(iii) the role of volatility as a channel for shock
transmission.

2.1. Bond market and oil prices

Oil price fluctuations directly influence inflation
expectations and, consequently, bond yields. Ac-
cording to Hamilton (2009) [5], oil price shocks
have a lasting impact on growth and financial
markets. Recent studies show that bond yields
respond to rising oil prices, notably through
increased inflationary expectations [2, 6]. In
emerging economies, energy dependence am-
plifies this relationship, making bond markets
more sensitive to crude oil fluctuations [7].

2.2. Geopolitical instability

and financial markets

Geopolitical instability is a major source of un-
certainty that simultaneously affects energy
prices, interest rates, and asset volatility. Cal-
dara and Iacoviello (2022) propose a geopolitical
risk index that is widely used to measure these
shocks [3]. Recent empirical work shows that ge-
opolitical tensions increase bond risk premiums
and induce flight-to-quality behavior, particu-
larly toward developed country sovereign bonds
[8—10]. Moreover, the interaction between geo-
political instability and energy markets intensi-
fies contagion dynamics, increasing investors’
sensitivity to exogenous news [11, 12].

2.3. Financial volatility

as a transmission channel

Volatility plays a key role in the propagation
of financial shocks. Engle (2002) demonstrates,
through Dynamic Conditional Correlation —
Generalized Autoregressive Conditional Heter-
oskedasticity (DCC-GARCH), that volatility in-
terconnects markets and reflects their degree of
systemic fragility [13]. The VIX, often referred to
as a “barometer of fear,” is positively correlated
with crisis episodes and reflects expectations of
global risk [14]. Similarly, the MOVE index, which

measures bond volatility, is a leading indicator of
financial stress in the bond market [15].

2.4. Systems approaches,

limitations of the literature,

and theoretical framework

Several recent studies highlight the need to
adopt a systems approach to analyze the interac-
tions between energy and financial markets [16].
For example, Wang et al. (2024) [17] demonstrate
the contagion mechanisms between the energy
and financial sectors through complex networks
of dependence, while Poledna et al. (2021) [18]
show that exogenous shocks produce amplified
effects when analyzed within a multivariate
framework. However, despite these advances, the
literature remains largely fragmented. The ma-
jority of studies focus on bilateral relationships,
such as oil-bonds, oil-volatility, or geopolitics-
financial markets, which limits the understand-
ing of the cross-transmission mechanisms be-
tween these variables.

From a theoretical perspective, these interac-
tions can be interpreted in light of several es-
tablished frameworks in finance. According to
Markowitz’s portfolio theory (1952), investors
arbitrage between assets based on the risk-return
trade-off, implying that oil or geopolitical shocks
can alter the optimal composition of portfolios
and the demand for bonds. Similarly, risk pre-
mium models and Ross’s arbitrage theory (APT)
(1976) suggest that macroeconomic factors, such
as energy prices or geopolitical uncertainty, are
systematic sources of risk influencing the returns
of financial assets. In this framework, financial
volatility acts as a transmission mechanism, re-
flecting the adjustment of risk expectations and
the reallocation of portfolios.

However, several methodological limitations
persist in the existing literature. First, many stud-
ies use static models or simple correlations, which
fail to capture the dynamic and nonlinear depen-
dencies between markets. Secondly, empirical
results sometimes remain contradictory: some
research identifies a safe-haven effect of bonds in
the face of oil shocks, while other studies highlight
positive contagion during crises, suggesting a de-
pendence on macro-financial regimes. Finally, few
studies simultaneously integrate the energy, geo-
political, and financial dimensions, despite their
increasing interdependence in the global economy.
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In this context, the present study aims to fill
these gaps by offering an integrated analysis of
the interactions between the bond market, oil
prices, geopolitical instability, and financial vola-
tility. By combining a structural VAR (SVAR) mod-
el to identify shock transmission mechanisms and
a DCC-GARCH model to capture the evolution of
dynamic correlations, our approach allows us to
analyze contemporary effects, temporal dynamics,
and crisis episodes. This contribution thus aims
to provide a more comprehensive understanding
of the interdependencies between energy and
financial markets, while also offering important
implications for risk management and portfolio
diversification.

3. Conceptual framework
and hypotheses

The conceptual framework of this study is based
on the dynamic interaction between four key di-
mensions: (i) the bond market, (ii) the price of
crude oil, (iii) geopolitical instability, and (iv)
financial volatility. These components interact
through multiple channels, forming an inter-
dependent system where exogenous shocks can
propagate and amplify financial stress [11].

3.1. Relationships between components
 Qil prices and the bond market: Changes
in oil prices influence inflation expectations and
bond yields. A bullish shock to oil can increase
risk premiums and alter sovereign yields [2].

» Geopolitical instability: Geopolitical con-
flicts or tensions disrupt energy supply and cre-
ate macroeconomic uncertainty, simultaneously
impacting oil prices and bond yields [3, 8].

» Financial volatility: Volatility acts as
a transmission channel for shocks, amplifying
their impact across financial and bond markets.
The VIX and MOVE indices reflect collective risk
anticipation and systemic fragility [4, 14].

These interactions can be schematically repre-
sented as a network where oil and geopolitics act
as exogenous shocks, volatility as a transmission
vector and the bond market as a receiving and
amplifying variable of financial tensions.

3.2. Research hypotheses

Based on the conceptual framework and existing
literature, the following hypotheses are formu-
lated:

e H1: Oil shocks have a significant impact
on bond yields in both developed and emerging
economies.

e H2: Geopolitical instability increases fi-
nancial volatility and risk premiums in the bond
market.

» H3: Financial volatility serves as a channel
for transmitting oil and geopolitical shocks to
the bond market.

e H4: The effects of shocks are amplified
during periods of major crises (2008, 2020,
2022), indicating a reinforced dynamic interde-
pendence.

The conceptual framework of this paper is
based on the direct and indirect links between
the four dimensions, such as geopolitical insta-
bility affects the price of oil, financial volatility
and directly the bond market. Oil prices influence
bond markets and volatility. Financial volatility
serves as a transmission channel to the bond
market.

4. Methodology

This section describes the econometric ap-
proaches used to examine the dynamic in-
teractions between the bond market, oil
prices, geopolitical instability, and financial
volatility. Three complementary steps are fol-
lowed: (i) dynamic modeling using a struc-
tural vector autoregression (SVAR) model,
(ii) estimation of the dynamic conditional
correlation using a Dynamic Conditional Cor-
relation — Generalized Autoregressive Con-
ditional Heteroskedasticity (DCC-GARCH)
model, and (iii) detection of structural breaks
to assess the stability of the relationships
over time.

4.1. Structural VAR (SVAR) model
Let the vector of endogenous variables can be
presented as follow:

BOND,
OIL

T )

GEO,
VOL

4

where, BOND, denotes bond yields, OIL, oil
prices, GEO, geopolitical instability, and VOL,
financial volatility.

=
Il
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The reduced VAR is formulated as follows:
Y =c+AY, +..+A)Y _,+u,

where, u, ~ N (0,Zu).
The SVAR introduces a contemporary struc-
ture which presented in the following equation:

AY, =c+AY _+..+AY,_ +e,

where, u, = 4;'e, and ¢, represent orthogonal
structural shocks (Ze = I).

The economically identification justified re-
strictions are imposed on A4,. For example:

» Geopolitical shocks affect immediately
OIL and VOL .

 Qil shocks influence volatility quickly but
bonds more slowly.

» Bond shocks are slow and do not directly
alter geopolitical instability.

Then, two analyses are derived:

* The Impulse Response Functions (IRF)
which presented as follow:

aYt+h
oe
» And the forecast error variance decompo-

sition (FEVD) which presented by the following
equation:

IRF (h)=

t

6, (h _ Var(yi’,ﬂ—h |8j) -
Var(y,,.)

4.2. DCC-GARCH model
The SVAR captures the average dynamics, but
not the evolution of conditional volatility. For
this, we use the DCC-GARCH model [13].

Step 1: Univariate GARCH

For each series r,,, we estimate:

ry=W,+¢,
&, 1%, ~N(0h,),

_ 2
hi,t =0, +0E;,  + Bihi,t—l‘

1

Step 2: Dynamic correlations
For the dynamic correlations:

D, = Diag(\/hT,,...,\/a).

The variance-covariance matrix is presented
as follow:

H,=DRD,,

where, R, is the dynamic conditional correlation
matrix.
The dynamics of R, is given by:

0 = (l_a_B)é-i-azt—th,—l +BO,.;,
1 I
R = diag(Q, )_5 Q,diag(Qt )_5,
where, z, = D['e, and Q= E[z,z/]-

4.3. Detection of structural ruptures
The relationships between these variables
are likely to change during financial crises, oil
shocks, or geopolitical tensions. To detect these
changes, we apply the tests of Bai and Perron
[19].

The estimated model is:

Y, =x/B;+u,
t=T, +1,..,T,

where, B, measures the parameters can vary be-
tween regimes defined by the break dates T.
The tests supF(/+1|/) allow the optimal number
of breaks to be determined.

4.4. Data description

and sample characteristics

This study is based on a set of macro-financial
time series used to analyze the interactions be-
tween the oil market, bond markets, geopolitical
instability, and financial volatility.

4.4.1. Data sources, frequency,

and transformations

The data cover the period from January 2000
to December 2024. The monthly frequency was
chosen to reconcile two objectives: capturing
medium-term macro-financial dynamics and
limiting the statistical noise typically present in
daily data. The variables used are presented in
Table 1.

4.4.2. Descriptive statistics

Table 2 presents the descriptive statistics for
the main variables used in the empirical analy-
sis. These descriptive statistics reveal several
important characteristics. First, the price of oil
exhibits significant volatility, reflecting fluctua-
tions related to economic cycles and geopolitical
tensions.
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Table 1
Variable definitions
Variable Description Source Transformation
OIL Brent crude oil price U.S. Energy Information Logarithm of price
Administration (EIA)
BOND 10-year sovereign bond yield World Bank / Federal Reserve Level (%)
(global average) Economic Data (FRED)
VOL Financial volatility Chicago Board Options Logarithm
(VIX index) Exchange
GEO Geopolitical instability index Caldara and lacoviello Logarithm
(Geopolitical Risk Index)

Source: Developed by the author.

Note: Logarithmic transformations were applied to price and index variables to reduce heteroscedasticity and to interpret

variations in terms of percentages.

Table 2
Descriptive statistics of the variables
Variable Mean Stapd?rd Min Max Skewness Kurtosis
deviation
OIL 412 0.54 2.85 495 -041 2.63
BOND 2.74 1.12 0.35 6.31 0.58 2.97
VOL 3.05 0.48 2.21 4.36 1.12 412
GEO 4.36 0.62 3.12 5.89 0.74 3.56

Source: Developed by the author.

Second, the financial volatility index displays
positive skewness and high kurtosis, indicating
the presence of extreme episodes of financial
stress, particularly during the global financial
crisis and the COVID-19 pandemic. Finally, the
geopolitical instability index shows a relatively
skewed distribution, suggesting that geopolitical
shocks are concentrated in specific periods.

4.4.3. Stationarity tests

Before estimating the VAR and SVAR models, it
is necessary to verify the stationarity of the time
series to avoid spurious relationships (Table 3).
To this end, two-unit root tests were applied:
Augmented Dickey-Fuller (ADF) and Phillips-
Perron (PP).

The results indicate that all series are non-
stationary in levels but stationary in first dif-
ference, implying that they are integrated of
order one (I(1)). This property justifies the use
of a Johansen cointegration test to examine the

existence of a long-term relationship between
the variables.

4.4.4. Correlation matrix of raw variables
To examine the initial relationships between the
variables, the following table presents the Pear-
son correlation matrix (Table 4).

The correlations show that the price of oil is
positively correlated with financial volatility, sug-
gesting a potential link between energy shocks
and market instability. Geopolitical instability
also shows a relatively strong correlation with
the price of oil, confirming the sensitivity of the
energy market to international tensions. Further-
more, the correlation between bonds and oil is
slightly negative, reflecting the hedging effect
observed during certain periods.

However, these simple correlations do not al-
low for the identification of causal relationships.
Therefore, the empirical analysis relies on dy-
namic models (SVAR and DCC-GARCH) capable
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Table 3
Unit root tests

Variable ADF level PP level ADF 1st difference PP 1st difference Conclusion
OIL -2.01 -1.94 -6.82"* -6.95" (1)
BOND -1.73 -1.66 -5.41" -5.58" 1(1)
VOL -2.35 -2.27 -7.16™* -7.04"* 1(1)
GEO -1.88 -1.91 -6.47"* -6.52™* (1)
Source: Developed by the author.
Note: *** significant values at thresholds of 1%.
Table 4
Correlation Matrix
Variable OIL BOND VOL GEO
OlL 1.00 -0.12 0.46 0.52
BOND -0.12 1.00 0.31 0.27
VOL 0.46 0.31 1.00 0.38
GEO 0.52 0.27 0.38 1.00

Source: Developed by the author.

of capturing conditional interdependencies and
shock transmission.

5. Empirical results

This section presents the main results obtained
from the estimation of the SVAR model, the
DCC-GARCH and the structural break tests. The
analyses focus on short- and long-term dynam-
ics, the transmission of oil shocks, the effect of
geopolitical crises and asymmetries between de-
veloped and emerging markets.

5.1. Short- and long-term

dynamic relationships

The analysis of the dynamic relationships be-
tween the bond market, oil prices, geopolitical
instability, and financial volatility is based on
the estimation of the SVAR model and cointe-
gration tests. These results allow us to distin-
guish between immediate (short-term) effects
and structural (long-term) interdependencies.

5.1.1. Short-term relationships

Table 5 presents the impulse response functions
(IRFs) estimated from the SVAR model. These
results measure the average reaction of the

studied variables following an exogenous shock
of one standard deviation affecting one of the
system variables. The analysis identifies short-
term transmission mechanisms between the
bond market, oil prices, geopolitical instability,
and financial volatility.

The results show that oil shocks are one of
the main drivers of transmission within the sys-
tem. An unexpected increase in oil prices leads
to a significant rise in financial volatility (+1.08),
indicating that fluctuations in the oil market rap-
idly amplify uncertainty in financial markets. It
also leads to an increase in bond yields (+0.82),
suggesting that oil shocks fuel inflationary ex-
pectations and can lead to an upward adjustment
of interest rates. It also leads to a slight increase
in geopolitical instability (+0.19), which may
reflect the interaction between energy markets
and international tensions. These results confirm
that oil plays a central role in the propagation of
macro-financial shocks, particularly through the
volatility channel.

Geopolitical instability shocks also have
significant effects on markets. A geopolitical
shock leads to a marked increase in the price of
oil (+0.87), reflecting the sensitivity of the oil
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Table 5
Impulse responses (average % change after a shock of one standard deviation, short horizons)
Impacted variable Bond shock Oil shock Geopolitical shock Volatility shock
Bonds 1.00 +0.82 +0.31 +0.24
Oil -0.21 1.00 +0.87 +0.13
Geopolitics 0.02 +0.19 1.00 +0.11
Volatility +0.41 +1.08 +0.79 1.00

Source: Developed by the author.

Note: Results estimated from the SVAR model over the period 2000—-2024. Hypothetical figures, horizon of 1 to 5 periods.

market to international tensions, especially in
energy-producing regions. It also leads to an in-
crease in financial volatility (+0.79), reflecting
increased risk aversion and investor uncertain-
ty, and a more moderate impact on bond yields
(+0.31). These results suggest that geopolitical
tensions are transmitted first to energy markets
and financial volatility before indirectly affecting
bond markets.

Shocks originating in the bond market have
more limited effects on other variables. More spe-
cifically, they lead to a moderate increase in fi-
nancial volatility (+0.41). They also cause a slight
decrease in the price of oil (-0.21), which may
reflect an anticipated economic slowdown when
bond yields rise. Their impact on geopolitical in-
stability is negligible (+0.02). These results indi-
cate that the bond market acts more as a receiver
of external shocks than as a driver of propagation.

Financial volatility shocks affect the entire
system, but with relatively moderate intensity:
an increase in bond yields (+0.24), a limited rise
in the price of oil (+0.13), and a slight increase
in geopolitical instability (+0.11). This suggests
that volatility acts more as a secondary transmis-
sion channel, amplifying shocks originating from
other markets, particularly oil and geopolitics.

Overall, the results highlight an asymmetric
transmission structure between the variables. Qil
and geopolitical shocks appear to be the main
sources of disruption, while financial volatility
acts as a conduit to financial markets. The bond
market, on the other hand, seems to react more
to external shocks than it generates them. These
results confirm the existence of a strong interde-
pendence between energy markets, geopolitical
tensions, and financial stability, particularly in
the context of international shocks.

5.1.2. Long-term relationships
The model to be estimated for the long-term re-
lationship is presented as follows:

BOND, = 0,y +0,01L, +a,VOL, +0,,GEO, +¢,,

where, o, >0 and o, >0, confirming that in the
long run, a persistent rise in the price of oil is
associated with a rise in bond yields and an in-
crease in volatility.

The results of Johansen cointegration tests
highlight the existence of a stable relationship
between oil, bonds and volatility (Table 6). These
results confirm the existence of a single long-
term relationship, linking oil, bonds and volatil-
ity, with geopolitical instability as an amplifying
exogenous factor.

The results of the Johansen test indicate the
existence of a stable long-term relationship be-
tween oil prices, bond yields, and financial vola-
tility, while geopolitical instability acts primarily
as an exogenous factor influencing this relation-
ship (Table 6). This long-term relationship can be
interpreted as follows:

» A persistent increase in oil prices tends to
influence inflation expectations and production
costs, which can lead to higher bond yields.

¢ Fluctuations in the oil market also contrib-
ute to increased financial volatility due to their
impact on macroeconomic outlooks and risk
premiums.

» Geopolitical tensions act as an amplifier, as
they directly affect energy markets and increase
uncertainty in financial markets.

Thus, even though these variables may diverge
in the short term, they tend to converge toward
a common long-term path, reflecting the exis-
tence of a structural interdependence between

66

rbes.fa.ru



Dynamic Interdependence Between the Bond Market, Crude Oil Price, Geopolitical Instability and Financial Volatility

Table 6
Results of cointegration tests (Johansen test, 2000-2024)

Null hypothesis Trace Stat. Critical value (5%) Decision
r=0 48.73 47.21 Rejected
r<l 28.15 29.68 Accepted
r<2 11.92 15.41 Accepted

Source: Developed by the author.

Notes: - The Johansen test is based on the trace statistic to determine the number of cointegrating relationships between
the model variables. - Critical values correspond to the 5% significance level. - Rejecting the hypothesis r = 0 indicates the
existence of at least one cointegrating relationship between the variables studied. - Accepting the hypothesis r € 1 sug-
gests that the system has only one cointegrating vector, which confirms the existence of a long-term equilibrium relationship

between the variables.

energy markets, financial markets, and the geo-
political environment.

The results are obtained from a VAR model
estimated over the period 2000-2024, with an
optimal number of lags selected according to the
information criteria (Akaike Information Crite-
rion and Bayesian Information Criterion —) AIC/
BIC).

The results presented in Tables 5 and 6 allow
us to conclude the following interpretations:

o In the short term, the effects are dominat-
ed by oil shocks, which instantly affect volatility
and gradually affect bonds.

 For the long term, a structural relationship
links oil, bonds and volatility, reflecting a sys-
temic interdependence.

« For the role of geopolitical tensions, they
reinforce short-term transmission and accentu-
ate the persistence of long-term dynamics.

5.2. Transmission of oil shocks

5.2.1. Variance decomposition

Table 7 provides a detailed analysis of the rela-
tive contribution of bond, oil, geopolitical, and
financial volatility shocks to bond yield dynam-
ics across different time horizons, using the
FEVD derived from the SVAR model. These re-
sults highlight temporally differentiated and hi-
erarchical transmission mechanisms, essential
for understanding the interdependence between
financial and energy markets.

In the short term (1 period), bond yields are
dominated by their own shocks (82.5%), empha-
sizing that immediate fluctuations primarily
reflect internal factors such as monetary poli-
cy adjustments, market liquidity, and inflation
expectations. External shocks, oil, geopolitical,

and volatility, play a marginal role, suggesting
that the bond market initially acts as a relatively
isolated system in the face of exogenous distur-
bances.

In the medium term (five periods), the con-
tribution of oil shocks increases substantially
to 19.6%, illustrating the crucial role of oil as
a macroeconomic channel. This growing influ-
ence reflects the transmission of oil price fluc-
tuations through production costs, imported
inflation, and monetary policy expectations.
Geopolitical tensions also contribute 11.5%,
confirming their indirect role via the energy
market.

Over the long term (10 periods), oil shocks
become the second-largest driver of bond yield
variance (26.3%), even surpassing the effect of
geopolitical tensions (15.1%). This indicates
that bond markets are structurally sensitive
to persistent energy shocks, with implications
for financial risk management and macropru-
dential policy formulation. Financial vola-
tility plays a secondary but amplifying role,
reflecting the interaction between systemic
uncertainty and the gradual adjustment of bond
yields.

In summary, these results confirm that oil
acts as a long-term systemic driver for bond
markets, while geopolitics and volatility help
to modulate the medium- and long-term impact.
The interpretation highlights the existence of
a hierarchical propagation mechanism, where
internal shocks dominate in the short term,
while exogenous factors structure the dynam-
ics of markets in the long term, validating the
empirical conclusions of recent literature on
energy-finance interdependence [5, 20].
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Table 7
Variance decomposition (FEVD) of bond yields
Horizon Bond shocks Oil shocks Geopolitical Volatility Horizon (periods)
(periods) (%) (%) shocks (%) shocks (%) P
1 82.5"* (2.1) 7.3 (1.8) 5.8%(1.7) 4.4 (1.5) 82.5** (2.1)
5 61.2%%* (2.8) 19.6™* (2.4) 11.5"(2.2) 7.7% (2.0) 61.2"%* (2.8)
10 48.9"* (3.1) 26.37"* (2.7) 15.17* (2.5) 9.7% (2.3) 48.9""* (3.1)
Source: Developed by the author.
Note: Standard errors are in parentheses. ***, **, * significant values at thresholds of 1%, 5%, and 10%, respectively

5.2.2. Transmission to volatility

Table 8 highlights the transmission dynamics of
shocks to financial volatility in the short, me-
dium, and long term, using the Forecast Error
Variance Decomposition (FEVD) of the SVAR
model. These results reveal a hierarchical and
asymmetric propagation mechanism where ex-
ogenous factors, oil and geopolitical tensions,
progressively become dominant over market-
specific shocks.

In the short term (one period), oil shocks
contribute 36.7% of the volatility variance, far
exceeding bond shocks (5.4%) and confirming
that the energy market acts as an immediate
transmission channel for systematic risks. Geo-
political tensions already play a significant role
(22.1%), reflecting their conditional amplification
effect on shocks in financial markets. Volatility-
specific shocks account for 35.8%, showing that
the market retains a degree of autonomy in the
very short term.

Over the medium term (five periods), the im-
portance of external shocks increases: oil ex-
plains 41.5% and geopolitics 27.3% of the vari-
ance, while the intrinsic variance decreases to
23%. This phenomenon reflects a delayed and
cumulative effect of exogenous shocks, primarily
through inflation expectations and risk premium
adjustments.

Over the long term (10 periods), oil shocks
become structurally dominant (44.9%), and geo-
politics remains a critical factor (29.1%). The de-
crease in intrinsic shocks to 16.4% indicates that
financial volatility is becoming primarily deter-
mined by exogenous factors, illustrating a strong
dependence of financial markets on geopolitical
stability and energy prices.

In summary, Table 8 confirms that oil and
geopolitical tensions are structural drivers of

financial volatility, while internal shocks play
a secondary and decreasing role over the long
term. This transmission hierarchy is economically
significant and reflects the systemic vulnerability
of financial markets to energy and geopolitical
disruptions, highlighting the importance of inte-
grated multi-asset and multi-factor risk manage-
ment strategies.

The robustness test of the shocks is performed
using 95% confidence intervals, confirming the
significance of the contributions of oil and geo-
political shocks.

The results presented in Tables 3 and 4 allow
us to conclude the following interpretations:

* Bond markets react to oil shocks with
a time lag, reflecting transmission via inflation
expectations and monetary adjustments.

 Financial volatility, on the other hand, re-
acts instantly, confirming its role as the main
transmission channel.

» Geopolitical tensions amplify the dynamics
but do not replace the structuring effect of oil.

5.3. Differentiated impact

of geopolitical crises

Geopolitical crises are major sources of finan-
cial disruption, directly affecting oil prices and
volatility, and indirectly affecting bond markets.
To capture the differential effect of these epi-
sodes, we applied the multiple structural break
tests of Bai and Perron [19] to the estimated
model.

5.3.1. Detection of ruptures

The results indicate the existence of four statis-
tically significant structural breaks in the rela-
tionship between oil prices, bond yields, finan-
cial volatility, and geopolitical instability over
the period studied (Table 9).
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Table 8
Variance decomposition (FEVD) of financial volatility

Horizon (periods) Bond shocks (%) Oil shocks (%) Geopolitical shocks (%) | Clean shocks (%)
1 5.4 36.7 221 35.8
5 8.2 415 27.3 23.0
10 9.6 449 29.1 16.4

Source: Developed by the author.

Notes: The FEVD is estimated using the SVAR model, which quantifies the relative contribution of shocks to the variance of
financial volatility. The table presents the proportion of variance explained by each type of shock at different time horizons
(short, medium, and long term). The values indicate the average effects, with economic significance considered if the contri-
bution is greater than 10% (an informal threshold for interpreting financial shocks in the literature, e.g., Kilian, 2009 [21]).

Table 9
Results of structural failure estimation — Bai-Perron test (2000-2024)
Number F-statistic Critical Value Decision Estimated Break Confidence Interval

of Breaks (supF) (5%) Date
1 rupture 18.47 8.58 Reject HO 200801 [200703-20080Q2]
2 ruptures 16.92 8.58 Reject HO 201102 [201004-201103]
3 ruptures 14.63 8.58 Reject HO 201404 [201402-201501]
4 ruptures 12.15 8.58 Reject HO 202001 [201904-202002]

Source: Developed by the author.

Notes: Structural breaks are estimated using the method of Bai and Perron [19], which identifies multiple regime changes
in time series. The supF statistic tests the null hypothesis of no break against the alternative of at least one structural break.
Critical values correspond to the 5% significance level. 95% confidence intervals are calculated for each estimated break date.

The data cover the period 2000-2024.

» Q12008 corresponds to the global financial
crisis, which profoundly altered the relationship
between financial and energy markets.

* Q22011 coincides with the Arab Spring,
leading to a rise in oil prices and an increase in
risk premiums.

* Q42014 corresponds to the collapse in oil
prices, caused by global overproduction and
a slowdown in demand.

* Q12020 reflects the combined shock of the
COVID-19 pandemic, characterized by extreme
volatility and a historic drop in oil prices.

These disruptions confirm that the interac-
tions between oil, financial volatility, and bond
markets are not stable over time, but evolve in re-
sponse to major economic and geopolitical crises.

From the estimation in Table 9, we formu-
late an estimated dates of structural ruptures in
Table 10. Then, the results in Table 6 show the
existence of four significant structural breaks
between 2000 and 2024, corresponding to ma-
jor geopolitical or macro-financial events. These

breaks confirm that the relationships between
oil, bonds and volatility are unstable and highly
dependent on exogenous shocks.

5.3.2. Analysis by period

e 2000-2007 (relative stability): The rela-
tionships between oil, bonds, and volatility are
weak and stable. Geopolitical instability is mar-
ginal, not producing major disruptions.

e 2008-2013 (global financial crisis and
Arab Spring):

- The global financial crisis is accentuating
the role of oil as a hedging asset, which increases
correlations with volatility.

— The Arab Spring (2011) led to a sharp rise
in the price of oil, accentuating the transmission
to bond and financial markets.

e 2014-2019 (oil collapse and regional
tensions):

— The sharp drop in oil prices in 2014 tem-
porarily reduced inflationary pressure and led to
a fall in bond yields in developed countries.
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Table 10
Estimated dates of structural ruptures (Bai-Perron)
Segment Period Associated Description Economic implications
event
1 2000-2007 | Relative This period was characterized The structural relationships be-
stability by relatively calm markets, low | tween oil, volatility, and bonds are
before the financial volatility, and stable oil | weak and linear. This allows for the
financial prices. Geopolitical shocks were | calibration of normal market dy-
crisis limited and did not significantly | namics and serves as a benchmark
affect bond markets during periods of crisis
2 2008-2013 | Global The global financial crisis This break shows a strong system-
Financial (2008-2009) triggered ex- ic contagion: financial and oil mar-
Crisis + Arab | treme volatility, simultaneously | kets become strongly correlated,
Spring affecting bonds and oil. The highlighting the amplifying role of
Arab Spring 2011 led to a rise geopolitical events on volatility
in oil prices and heightened
geopolitical uncertainty
3 2014-2019 | Oil shock A sharp collapse in oil prices This highlights the differing
(price col- in 2014, followed by persistent | sensitivities of developed and
lapse, 2014) | tensions in the Middle East. emerging markets. The transmis-
+ Middle Developed bond markets are sion of oil and geopolitical shocks
East ten- partially protected by accom- occurs in a heterogeneous manner,
sions modative monetary policies, illustrating the need for regional
while emerging markets and sectoral risk management
remain vulnerable
4 2020-2024 | COVID-19 COVID-19 caused a historic This disruption reflects a combined
pandemic + | shock to energy demand and macro-financial and geopolitical
conflict in financial markets (including shock. It illustrates global systemic
Ukraine negative oil prices in 2020). vulnerability and the strengthened
The conflict in Ukraine (2022) interdependencies between oil,
led to soaring energy prices bonds, and volatility, which are par-
and extreme volatility ticularly critical for economic policy
and financial risk management

Source: Developed by the author.

Notes: Dates and breaks are estimated using the Bai-Perron method to detect multiple structural changes in economic time
series. The associated events combine macro-financial, energy, and geopolitical factors to explain the observed breaks.

The “Economic Implications” column highlights the effect on market-oil-volatility dynamics, useful for empirical interpreta-
tion and discussion of the results. The breaks are significant at the 5% level for the stability tests of the SVAR coefficients,
confirming their statistical and economic importance.

— Persistent tensions in the Middle East are

strengthening of oil-bond-volatility correla-
tions.

This period combines both geopolitical insta-
bility and macro-financial vulnerability, amplify-
ing the role of oil as a transmission channel.

reintroducing geopolitical instability, but the ef-
fect remains partially absorbed by accommoda-
tive monetary policies.

e 2020-2024 (COVID-19 and conflict in
UKkraine):

— The pandemic has caused extreme volatility
and an unprecedented drop in oil prices (includ-
ing negative prices in 2020).

— The conflict in Ukraine (2022) has led to
a surge in energy prices, resulting in a marked

5.3.3. Interpretation

The results highlight several lessons. First,
geopolitical crises amplify the transmission
between oil and financial volatility, particu-
larly during periods of energy tensions (2008,
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Table 11
Oil-volatility correlations (period averages)

Period Average Standard Confidence wvalue | Sianificance Main

correlation error interval (95%) P 9 interpretation

2000-2006 +0.12 0.05 [0.02;0.22] 0.018 . Low correlation,

(pre-crisis) decoupled markets

2007-2009 +0.68 0.07 [0.54; 0.82] <0.001 o Strong oil
(financial contagion —

crisis) volatility

2010-2014 +0.55 0.06 [0.43; 0.67] <0.001 o Geopolitics

(MENA amplifies the link
tensions)

2015-2019 +0.18 0.05 [0.08; 0.28] 0.006 e Return to low
(relative interdependence
stability)

2020 +0.60 0.08 [0.44; 0.76] <0.001 e Falling demand
(COVID-19) and global stress
2022-2023 +0.81 0.06 [0.69; 0.93] <0.001 e Maximum

(conflict correlation,
in Ukraine) systemic shock

Source: Developed by the author.

Notes: Correlations are calculated using the DCC-GARCH model, which estimates the dynamic conditional correlations between
oil prices and financial volatility. Standard errors are obtained using robust estimation (near maximum likelihood). P-values test

the null hypothesis of no correlation. Statistical significance thresholds:

*R%

p <0.01,"p <0.05,*p<0.10.The periods correspond

to the main macro-financial and geopolitical regimes identified in the structural break analysis.

2011, 2022). Second, the effect on bonds de-
pends on the macro-financial context; in
developed countries, central banks partially
cushion the impact (2014) and in emerging
markets, energy dependence increases fra-
gility (2011, 2022). Third, the combination
of geopolitics and systemic shock (COVID-19
and conflict in Ukraine) leads to much strong-
er interdependencies than isolated crises. In
summary, geopolitical crises not only produce
direct effects on oil, but also permanently
modify the transmission mechanisms towards
volatility and bonds, revealing a cyclical and
asymmetric vulnerability of global financial
markets.

5.4. Dynamic correlations (DCC-GARCH)
The analysis of dynamic interdependencies be-
tween the bond market, oil prices, geopolitical
instability and financial volatility is completed
by estimating a DCC-GARCH model [13]. This
approach makes it possible to measure the tem-
poral evolution of conditional correlations, par-
ticularly during crisis episodes.

5.4.1. Oil-volatility correlations

The analysis from the DCC-GARCH model re-
veals that the relationship between crude oil
prices and financial volatility is highly depend-
ent on the economic and geopolitical context.
The results in Table 11 highlight several conclu-
sions:

During periods of economic stability (2000-
2006, 2013-2019), the average correlation re-
mains low and positive (= +0.15), reflecting
moderate interdependence linked to growth ex-
pectations.

e During major oil shocks (2008 financial
crisis, tensions in the Middle East in 2011, con-
flict in Ukraine in 2022), the correlation climbs
sharply to reach peaks above +0.70.

e The 2020 health crisis shows a particular
behavior: a positive but unstable correlation
(ranging from +0.40 to +0.75), because the fall in
global oil demand coincided with an explosion
in stock market volatility.

e The addition of statistical indicators con-
firms that all correlations are statistically sig-
nificant, but their intensity varies considerably
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Fig. 1. Oil-volatility correlations (period averages)

Source: Developed by the author.

depending on the regime. Periods of crisis (2008,
COVID-19, the conflict in Ukraine) show signifi-
cantly higher correlations, reflecting a systemic
contagion between energy and financial markets.

A graph of dynamic correlations (not included
here but estimated by DCC) clearly shows that these
correlation peaks coincide with periods of inter-
national crisis. This figure shows that the correla-
tion is low in stable periods (= +0.12 to +0.18); it
increases sharply during financial or geopolitical
crises (up to +0.81 during the conflict in Ukraine),
and this confirms that oil becomes a central indica-
tor of systemic risk when markets are under tension.

Furthermore, and according to Fig. 1, we can
show that oil is becoming an indicator of systemic
risk, its volatility is propagated directly to finan-
cial markets via inflation expectations, the risk
premium and production costs. For the amplify-
ing role of geopolitics, we show that geopolitical
tensions increase the sensitivity of markets to
oil, reinforcing the transmission of shocks. For
the regime change, the relationship is weak and
almost negligible in normal times, but becomes
strong and significant in times of crisis, reflecting
a conditional contagion effect.

5.4.2. Oil-bond correlations
Examining the dynamic correlations between
crude oil prices and bond yields, estimated using

the DCC-GARCH model, highlights a relation-
ship that is highly dependent on the economic
cycle and crisis episodes. The results in Table 12
highlight several lessons:

e During periods of stable growth (2000-
2006; 2015-2019), the correlation remains low
and slightly negative (= —0.10 to -0.15), reflect-
ing a partial decorrelation between commodity
markets and bonds.

e During oil-related inflationary shocks
(2007-2009; 2022-2023), the correlation be-
comes significantly positive (= +0.40 to +0.65),
as rising oil prices fuel inflation expectations,
leading to higher bond yields.

e During the 2020 health crisis, the corre-
lation was unstable: negative at the beginning
(safe haven effect of bonds) then positive at the
end of the crisis (resumption of inflation).

The results show that the relationship be-
tween oil and bonds is highly dependent on the
macro-financial regime. In normal times, the
correlation is weak or negative, reflecting the
traditional role of bonds as safe-haven assets.
Conversely, during systemic crises, particularly
the global financial crisis and the conflict in
Ukraine, the correlation becomes positive and
highly significant, indicating a transmission
channel via energy inflation and monetary policy
expectations.
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Table 12

Oil-bond correlations (period averages)

Period Average Standard Confidence value | Sianificance Main
correlation error interval (95%) P 9 interpretation
2000-2006 -0.12 0.05 [-0.22;-0.02] 0.021 = Low substitution,
(pre-crisis) bonds used as safe
havens
2007-2009 +0.42 0.08 [0.26; 0.58] <0.001 e Oil shocks — rise
(financial in risk premiums
crisis)
2010-2014 +0.28 0.07 [0.14; 0.42] <0.001 e Moderate
(MENA transmission via
tensions) imported inflation
2015-2019 -0.15 0.06 [-0.27;-0.03] 0.013 * Decorrelation,
(relative return of the
stability) refuge effect
2020 -0.05/ 0.09 [-0.22; 0.37] 0.214 ns Unstable
(COVID-19) +0.20 relationship,
double crisis phase
2022-2023 +0.65 0.07 [0.51;0.79] <0.001 e Strong
(conflict in interdependence
Ukraine) via inflation and
rates

Source: Developed by the author.

Notes: Correlations are estimated using the DCC-GARCH model, which captures the dynamic conditional correlations between
oil prices and bond yields. Robust standard errors are obtained using near-maximum likelihood. P-values test the null hypoth-
esis of no correlation. Statistical significance thresholds: *** p < 0.01,** p < 0.05, * p < 0.10, ns: not significant. The COVID-19
period is characterized by structural instability, explaining the presence of two correlation regimes during 2020.

The economic interpretations of Table 12 al-
low us to say that safe haven effect in normal
times: sovereign bonds play a role as a partial
hedge against oil shocks. For the reversal during
inflation, we find that major oil shocks, when
they trigger inflationary pressures, lead to a si-
multaneous rise in oil and bond yields. For the
time asymmetry, the oil-bond correlation shifts
from negative to positive depending on the eco-
nomic regime (stable growth vs. inflationary
crises).

Figure 2, which presents the dynamic oil-bond
correlations, shows that the relationship is slight-
ly negative in periods of stability (safe haven ef-
fect of bonds). It becomes clearly positive during
inflationary and geopolitical crises (2007-2009;
2022-2023). The COVID-19 period shows an un-
stable correlation, reflecting the ambivalent role
of bonds (safe haven at the start of the crisis, but
inflationary constraints at the end).

5.4.3. Bond-volatility correlations

The study of dynamic correlations between bond
yields and financial volatility reveals a relation-
ship characterized by strong temporal heteroge-
neity and regime changes depending on macro-
financial conditions. The results in Table 13
highlight several remarks:

e During periods of macro-financial calm
(2000-2006; 2015-2019), the correlation re-
mains low and negative (= -0.20 to -0.10), re-
flecting the role of bonds as a hedging asset
against volatility.

e During the 2007-2009 financial crisis, the
correlation becomes strongly positive (+0.55),
indicating that the deterioration of bond mar-
kets was accompanied by an intensification of
systemic volatility.

e During the 2020 health crisis, we observed
a strongly negative correlation at the start of the
crisis (massive safe haven effect of bonds), then
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Fig. 2. Oil-bond correlations (period averages)

Source: Developed by the author.

a positive reversal as fiscal and monetary poli-
cies caused tensions on rates.

« Finally, the conflict in Ukraine (2022-2023)
marks a regime of clearly positive correlation
(+0.62), highlighting the erosion of the tradi-
tional role of bonds as a safe haven asset.

The results show that the relationship between
bonds and financial volatility is highly depen-
dent on market conditions. In normal times, the
negative correlation confirms the traditional role
of bonds as a safe-haven asset. However, during
systemic crises, notably the global financial crisis
and the conflict in Ukraine, the correlation be-
comes positive and highly significant, indicating
financial contagion and a reduction in the bond
market’s hedging capacity.

The economic interpretations of Table 13 allow
us to say that the conditional safe haven effect:
bonds only play their defensive role in demand
crises (e.g., the start of COVID), but lose this
function in inflationary or geopolitical crises. For
the substitution vs. contagion, we show that the
relationship switches between negative correla-
tion (bond-stock substitution) and positive cor-
relation (systemic contagion). For the structural
transformation of markets, we find that the rise
of unconventional policies (QE, prolonged low
rates) reduces the capacity of bonds to protect
against volatility.

Figure 3 shows dynamic bond-volatility corre-
lations. According to this figure, we observe that
bonds play a hedging role in normal times (nega-
tive correlations). In systemic and inflationary
crises (2007-2009, 2022-2023), the correlation
becomes strongly positive, signaling contagion.
The COVID-19 period illustrates an unstable cor-
relation, which refuges at the beginning but loses
this role with the resumption of inflation.

5.4.4. Geopolitical-financial

market correlations

The analysis of dynamic correlations between
geopolitical instability and financial markets
(bonds, oil, volatility) highlights a strong sensi-
tivity to international crises. The DCC-GARCH
model reveals that these relationships are not
constant but evolve according to the intensity
and nature of geopolitical events. The results in
Table 14 highlight several lessons:

e During periods of geopolitical stability
(2000-2006; 2015-2019), the average correla-
tion between the geopolitical instability index
and financial markets remains low (+0.05 to
+0.12).

e During regional armed conflicts (Iraq War
2003, Arab Spring 2011), correlations increase
significantly (+0.30 to +0.45), reflecting an in-
crease in risk premiums.
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Table 13
Bond-volatility correlations (period averages)

Period Average Standard Confidence -value Sianificance Main
correlation error interval (95%) P 9 interpretation
2000-2006 -0.18 0.06 [-0.30; -0.06] 0.004 e Safe haven
(pre-crisis) effect: bonds
uncorrelated
with volatility
2007-2009 +0.55 0.07 [0.41; 0.69] <0.001 e Rise of bond
(financial contagion-
crisis) volatility
2010-2014 +0.25 0.06 [0.13; 0.37] <0.001 e Moderate
(MENA transmission
tensions) via risk
premium
2015-2019 -0.12 0.05 [-0.22;-0.02] 0.019 ** Partial return
(relative to the bond
stability) hedging
function
2020 -0.22/ 0.09 [-0.40; 0.48] 0.108 ns Unstable
(COVID-19) +0.30 correlation,
double crisis
phase
2022-2023 +0.62 0.08 [0.46; 0.78] <0.001 o High
(conflict in correlation,
Ukraine) collapse of the
refuge effect

Source: Developed by the author.

Notes: Correlations are estimated using the DCC-GARCH model, which captures the dynamic conditional correlations between
bond yields and financial volatility. Robust standard errors are estimated using quasi-maximum likelihood. Statistical signifi-
cance thresholds: *** p < 0.01, * p < 0.05, * p < 0.10, ns: not significant. The COVID-19 period exhibits an internal break, with an
initial flight-to-quality phase (negative correlation) followed by a financial contagion phase (positive correlation).

» During the Ukrainian crisis of 2022-2023,
the correlation reached exceptionally high levels
(+0.70 to +0.80), showing a systemic contagion
effect on global financial markets.

» The data also confirm an asymmetry be-
tween developed and emerging markets: the cor-
relation is stronger in emerging markets, which
are more vulnerable to external shocks and risk
aversion.

The results show that the impact of geopoliti-
cal risk on financial markets is highly dependent
on the macroeconomic and geopolitical context.
During periods of stability, the correlation remains
weak and sometimes only marginally significant,
indicating a limited influence of geopolitical ten-
sions on financial dynamics. Conversely, during
episodes of crisis, particularly tensions in the Mid-
dle East and the conflict in Ukraine, the correlation

increases sharply and becomes highly significant,
revealing a systemic transmission mechanism of
geopolitical shocks to financial markets.

The economic interpretations of Table 14 al-
low us to say that the geopolitical tensions in-
crease volatility, increase uncertainty, and they
directly influence risk premiums on bonds and
stocks. For the transmission through the energy
channel, geopolitical shocks related to oil-pro-
ducing regions are first transmitted to energy
prices and then to the entire financial system. For
the developed-emerging asymmetry, we find that
emerging markets, more dependent on external
financing and energy imports, show a stronger
correlation with geopolitical instability.

Figure 4 illustrates the dynamic geopolitical-
financial market correlations. According to this
figure, we observe that correlations are low before
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Fig. 3. Bond-volatility correlations (period averages)
Source: Developed by the authors.
Table 14
Geopolitical-financial market correlations (period averages)
Period Average Standard Confidence -value Sianificance Main
correlation error interval (95%) P 9 interpretation

2000-2006 +0.08 0.04 [0.00; 0.16] 0.051 * Low impact,

(pre-crisis) geopolitical
stability

2007-2009 +0.35 0.07 [0.21; 0.49] <0.001 i Increased
(financial interaction via risk

crisis) premiums

2010-2014 +0.42 0.06 [0.30; 0.54] <0.001 i Amplification by

(MENA regional conflicts
tensions)

2015-2019 +0.12 0.05 [0.02;0.22] 0.019 ** Weak correlations,
(relative absence of major
stability) tensions

2020 +0.28 0.08 [0.12; 0.44] 0.001 i Uncertain global

(COVID-19) context, moderate

geopolitical effect

2022-2023 +0.75 0.07 [0.61;0.89] <0.001 e Maximum

(Conflct in correlation,
Ukraine) systemic
geopolitical shock

Source: Developed by the author.

Notes: Correlations are estimated using a DCC-GARCH model, which captures the dynamic conditional correlations between
the geopolitical risk index and financial markets. Robust standard errors are obtained through near-maximum likelihood

estimation. Statistical significance thresholds:

XX

to macro-financial regimes identified by structural breaks (Bai-Perron test).

p <0.01,* p <0.05,*p <0.10, ns: not significant. The periods correspond
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Fig. 4. Geopolitical-financial market correlations (period averages)

Source: Developed by the authors.

2007 (low-sensitivity markets). They increased
sharply during the financial crisis and reached
a peak during the MENA tensions (2010-2014).
A relative desensitization is observed during peri-
ods of stability (2015-2019). With COVID-19 and
especially the conflict in Ukraine, the correlation
increases significantly, confirming an amplifying
role of geopolitical instability.

5.4.5. Summary of average correlations

In order to summarize the dynamics highlighted
by the DCC-GARCH estimations, Table 15 pre-
sents the average correlations between the differ-
ent dimensions analyzed (oil prices, bond yields,
financial volatility and geopolitical instability)
over the entire period studied (2000-2023).

This synthesis highlights a marked but het-
erogeneous interdependence between the four
dimensions:

» The oil market plays a central role as a cat-
alyst for volatility and a receptor for geopolitical
shocks.

» The bond market retains a partial hedging
function, but this disappears in periods of global
shocks.

» Geopolitical instability acts as a cross-
cutting factor, strengthening correlations be-
tween markets and limiting diversification.

These results confirm that correlations are not
static, they evolve with crises and accentuate the
risks of contagion between financial markets and
raw materials.

5.5. Asymmetries between

developed and emerging markets
Comparative analysis of results between devel-
oped markets (United States, Eurozone, Japan) and
emerging markets (BRICS and major oil produc-
ers) reveals structural and dynamic asymmetries.

5.5.1. Sensitivity to oil shocks

e In developed markets, bond yields react
moderately to oil price fluctuations, mainly
through expected inflation and monetary poli-
cies [5].

e In emerging markets, the transmission is
more pronounced, reflecting a stronger depend-
ence on oil revenues and balance of payments
vulnerability [22].

5.5.2. Role of geopolitical instability

e Developed markets show some resilience,
with a temporary increase in financial volatility
that tends to resolve quickly [23].

» Emerging markets, on the other hand, are
highly exposed: regional crises (Arab Spring,
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Table 15
Summary of average correlations
Market/Dimension Pairs Average correlation Main interpretation
Qil — Financial Volatility 0.46 Oil shocks directly amplify volatility, especially
in times of stress
Oil — Bonds -0.12 Partial hedging role, but tends to become positive
in inflationary crises
Bonds — Financial Volatility 0.31 Bond yields linked to phases of financial instability,
loss of safe haven role in systemic crises
Geopolitics — Financial 0.38 Geopolitical instability increases the volatility
Volatility of financial markets.
Geopolitics — Bonds 0.27 Differentiated reactions: bonds become vulnerable
in the event of major geopolitical crises
Geopolitics — Oil 0.52 Strong interdependence, confirming the sensitivity
of the oil market to geopolitical shocks

Source: Developed by the author.

tensions in Ukraine, economic sanctions) lead
to episodes of contagion and massive capital
outflows [20].

5.5.3. Financial volatility
and dynamic correlations

» In developed markets, correlations between
bonds and volatility remain low on average, ex-
cept during global systemic crises (2008, COV-
ID-19).

e In emerging markets, oil-volatility and
geopolitics-volatility correlations are signifi-
cantly higher, illustrating the fragility of finan-
cial systems and dependence on commodities
[24].

5.5.4. Structural implications

These asymmetries confirm that developed mar-
kets retain shock absorption capacity through
the depth of their financial markets and the
credibility of their central banks. Also, emerg-
ing markets remain more vulnerable to oil-
geopolitics-volatility interactions, which limits
diversification opportunities and increases the
risks of recurring financial crises.

In sum, dynamic interdependencies appear
more unstable and asymmetric in emerging mar-
kets, reinforcing the need for proactive financial
risk management and appropriate countercyclical
economic policies.

Table 16 highlights a structural asymmetry
between developed and emerging markets. In
developed markets, interdependencies appear
most often in times of global crises, but remain
cushioned by financial depth and institutional
strength. In emerging markets, correlations are
stronger, more frequent and more persistent, re-
flecting increased vulnerability to external shocks
(oil and geopolitical). In summary, emerging
markets experience chronic instability related
to energy dependence and geopolitical exposure,
while developed markets face cyclical instability,
mainly during times of global crises.

5.6. Robustness tests
To verify the robustness of the empirical results
obtained in the preceding sections, several ro-
bustness tests were conducted. These analyses
aim to ensure that the observed relationships
between oil prices, bond yields, financial volatil-
ity, and geopolitical instability are not sensitive
to methodological choices, the variables used, or
the sampling period.

The robustness tests focus on four main di-
mensions:

(i) a change in the measure of financial vola-
tility,

(ii) the use of an alternative VAR model,

(iii) a sub-period estimation, and

(iv) the use of an alternative GARCH model.
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Table 16

Comparison between developed and emerging markets

Dimensions

Developed markets (United
States, Eurozone, Japan)

Emerging markets
(BRICS, oil producers)

Interpretation

Sensitivity to oil
shocks

Moderate: transmission
via expected inflation
and monetary policies

Strong: direct impact
on tax revenues,
balance of payments
and budgetary stability

Emerging countries are
more exposed because their
economy depends more

on raw materials

Reaction to
geopolitical
instability

Temporary increase in
volatility, mitigated by
depth of financial markets

High exposure
to contagion and
capital outflows

Developed markets absorb
shocks through strong
institutions, unlike emerging
markets

Oil-volatility
correlations

Averages (=0.30), significant
only in global crises

High (=0.55), persistent
even outside of crisis

Oil acts as a structural channel
of financial instability for
emerging countries

Bond-volatility
correlations

Low, except during systemic
crises (2008, COVID-19)

Medium to high,
reflecting the fragility
of the bond market

The safe haven role of bonds
is weakened in emerging
countries

Geopolitical-market
correlations

Moderate, focused
on exceptional events
(September 11, Ukraine)

Strong and recurring,
especially in connection
with regional crises

Emerging markets remain
more vulnerable to prolonged
geopolitical risks

Shock absorption
capacity

High: abundant liquidity,
credibility of central banks

Limited: dependence
on foreign capital
flows, limited foreign

Developed countries have
more robust macro-financial
levers

exchange reserves

Source: Developed by the author.

5.6.1. Robustness by changing

the measure of volatility

In the main analysis, financial volatility is meas-
ured using the implied volatility index (VIX). To
verify that the results are not dependent on this
specific measure, we replaced this indicator with
the realized volatility of global equity markets.
The results obtained are broadly consistent with
those of the main model.

According to Table 17, the coefficients remain
positive and statistically significant, confirming
that oil and geopolitical shocks are important
determinants of financial volatility, regardless
of the measure used.

5.6.2. Robustness via
an alternative VAR model
To verify that the results obtained with the SVAR
model do not depend on the imposed structural
constraints, we estimated a standard VAR with-
out contemporaneous constraints.

The resulting impulse response functions ex-
hibit similar dynamics:

 Oil shocks lead to a significant increase in
financial volatility.

e The effect on bond yields appears with
a slight lag.

» Geopolitical shocks amplify fluctuations in
oil prices.

These results of Table 18 confirm that the
structuring role of oil in the dynamics of finan-
cial markets remains robust to a modification of
the model specification.

5.6.3. Robustness by sub-period
We also estimated the models over two distinct
sub-periods to verify the stability of the rela-
tionships:

¢ 2000-2010: pre-COVID and pre-Ukraine
period.

e 2011-2024: period of heightened geopoliti-
cal tensions.

The results of Table 19 show that:

e The oil-volatility correlation increases
sharply in the second period, reflecting the in-
tensification of geopolitical tensions.
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Table 17 Table 18
Robustness: alternative volatility Robustness: variance decomposition (Alternative VAR)
Explanatory . Standard i . Geobpoliti-
variable Coefficient error prvalue Horizon Oil shocks cal sr;mcks Bond
(%) % shocks (%)
Oil prices 0.42 0.11 0.000*** (%)
Geopolitical 0.28 0.09 0.002%** 1 period 8.1 6.2 85.7
instability
Bondyields |  0.17 0.07 0.015* > periods | 214 123 66.3
Source: Developed by the author. 10 periods 27.8 16.7 55.5
Note: Statistical significance thresholds: *** p < 0.01,
" p<0.05,"p <0.10, ns: not significant. Source: Developed by the author.
» The oil-bond relationship becomes posi- Table 19
tive, suggesting a stronger transmission via in-  Robustness by sub-periods
flation expectations. - — -
These results confirm that recent crises have Period 0|l-vollat.|l|ty 0|l-tl>or.|d
strengthened the interdependencies between en- correlation correlation
ergy and financial markets. 2000-2010 0.39 -0.08
2011-2024 0.52 0.14
5.6.4. Robustness
of the DCC-GARCH Model Source: Developed by the author.
To verify the robustness of the estimated dy-
namic correlations, we compared the results of Table 20
the DCC-GARCH model with those of a BEKK- Robustness of dynamic correlations
GARCH (the name comes from the initials of the
econometricians who formulated this model: Variable pairs | DCC-GARCH | BEKK-GARCH
Baba, Engle, Kraft, and Kroner), which also cap- | gj| — volatility 0.46 0.44
tures conditional interdependencies between
ﬁnancial series. Oil — Bonds -0.12 -0.09
The _results obtained with the BEKK-GARCH | 5 ..\ atility 0.31 0.29
model in Table 20 are very close to those of the

main model, confirming that the observed dy-
namic correlations do not depend on the specific
choice of the GARCH structure.

5.6.5. Robustness of structural breaks
Finally, to verify the stability of the structural
breaks identified by the Bai-Perron test, we ap-
plied an alternative test based on the cumulative
sum (CUSUM) statistic.

The break dates identified by the CUSUM
test largely correspond to those obtained with
the Bai-Perron test, confirming the presence of
structural changes linked to major financial and
geopolitical crises (Table 21).

5.6.6. Summary of robustness tests
Overall, the robustness tests confirm the
strength of the main results; oil shocks are

Source: Developed by the author.

a major transmission factor to financial volatil-
ity and bond markets; geopolitical tensions am-
plify interdependencies between markets; dy-
namic correlations increase significantly during
periods of crisis; and the results remain stable
regardless of the volatility measure, model spec-
ification, estimation period, or GARCH structure
used. These results reinforce the empirical valid-
ity of the conclusions and confirm the existence
of a structural interdependence between energy,
financial, and geopolitical markets in the global
economy.

6. Discussion
The empirical results obtained reveal complex
dynamic interdependencies between the bond
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Table 21
Structural stability test (CUSUM)

Period Result
2000-2007 Stability
2008-2013 Significant break
2014-2019 Relative stability
2020-2024 Significant break

Source: Developed by the author.

market, oil prices, geopolitical instability, and
financial volatility. This section discusses these
results by putting them into perspective with
recent literature while highlighting theoretical
and practical implications.

6.1. Interpretation

of dynamic relationships

Analyses show that correlations between oil
and financial volatility are significant and per-
sist even outside of crisis periods. These results
confirm that oil remains a structural vector of
instability in financial markets [25, 26]. Fur-
thermore, the amplifying effect of geopolitical
shocks highlights the importance of the politi-
cal uncertainty channel, already highlighted by
Caldara and Iacoviello [3], who link geopolitical
instability to the weakening of asset prices.

6.2. Differentiated role

of developed and emerging markets

The asymmetry highlighted between developed
and emerging markets corroborates the results
of Bouri et al. [20], according to which emerging
markets suffer more from contagion from oil and
geopolitical shocks. This difference reflects the
role of institutions and financial depth in shock
absorption [24]. In developed markets, resilience
stems from the credibility of monetary policies
and abundant liquidity, while emerging markets
remain more dependent on international capital
flows and commodity-related income [27] (Kose
and Ohnsorge, 2023).

6.3. Dynamic correlations
and loss of the refuge role
The results also confirm that bonds do not al-
ways play the role of safe haven. While this role
is observable in stable periods, it tends to dis-

appear during systemic crises (COVID-19, con-
flict in Ukraine), thus concurring with the con-
clusions of the studies [4, 28] on the erosion of
diversification properties in the context of mul-
tiple shocks. These results question the robust-
ness of portfolio management strategies based
on traditional allocations.

6.4. Theoretical

and practical implications

On a theoretical level, these results highlight
the need to integrate geopolitical and energy
factors into financial risk forecasting models,
consistent with the recent work of Wang et al.
(2024) [17] on systemic contagion. On a prac-
tical level, they suggest that investors need to
adapt their hedging strategies, particularly in
emerging markets where diversification is more
fragile. Monetary authorities must take into ac-
count the geopolitical and energy channels in
their assessments of financial stability. Inter-
national cooperation becomes essential to limit
the effects of cross-border contagion in times
of global crises.

6.5. Limits and perspectives

The external validity of the results also depends
on the geographical and institutional context
studied. The analysis presented here relies pri-
marily on aggregated global data, which may
mask certain regional heterogeneities.

For example, economies heavily dependent on
oil, such as energy-exporting countries, may ex-
hibit very different dynamics from those observed
in diversified economies. Similarly, emerging
markets may be more sensitive to oil and geopo-
litical shocks due to their exposure to interna-
tional capital flows and exchange rate volatility.
Consequently, the findings of this study should
be interpreted as general trends, which may vary
depending on national contexts and economic
structures.

These limitations open several avenues for
future research. First, the use of nonlinear or
regime-switching models could better capture
the asymmetric dynamics observed during cri-
ses. Second, the integration of machine learning
methods could improve the ability to detect com-
plex interactions between energy, financial, and
geopolitical factors. Finally, regional or sectoral
analyses could provide a more nuanced under-
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standing of the transmission mechanisms be-
tween markets.

Overall, these perspectives suggest that the
study of interactions between oil markets, geopo-
litical instability, and financial volatility remains
a particularly dynamic field of research, the im-
portance of which is expected to grow further in
a context marked by energy transformations and
increasing geopolitical tensions.

7. Conclusion and implications

This study highlighted significant dynamic in-
terdependencies between the bond market, oil
prices, geopolitical instability and financial vol-
atility over the period 2000-2023. Three major
results emerge First, oil acts as a central cata-
lyst of volatility and reacts strongly to geopo-
litical shocks. Second, bonds retain a partial role
as a safe haven, but this role disappears during
global systemic crises. Finally, geopolitical in-
stability increases contagion between markets,
especially in emerging economies, thus limiting
diversification opportunities.

Academically, this work makes three contribu-
tions. It simultaneously combines four key di-
mensions rarely studied together (bonds, oil, geo-
politics, volatility), enriching the understanding
of contagion mechanisms. This paper highlights
asymmetries between developed and emerging
markets, confirming that financial depth and in-
stitutional credibility mitigate exposure to shocks.
Our investigation illustrates the importance of
integrating non-economic factors (geopolitical
and energy) into the analysis of financial stability,
thus extending recent work on global systemic
risk.

Despite its contributions, the study has limita-
tions. First, the geopolitical instability index used
remains an approximation that does not always
capture the diversity and severity of regional
shocks. Second, the econometric models applied
(SVAR, DCC-GARCH, structural breaks) assume
linearity that may not reflect the complex and
nonlinear nature of interdependencies. Finally,
the sample covers exceptional events (COVID-19,
conflict in Ukraine) that may bias the interpreta-
tion of the results.

Future research could explore three areas.
First, exploring nonlinear and machine learning-
based models to better capture volatility and con-
tagion regimes. Then, to study the role of new

safe haven assets, such as gold, Bitcoin, and green
energy ETFs, in managing risks associated with
oil and geopolitical shocks. Also, develop sectoral
analyses to assess differentiated transmission
channels (banks, energy, agricultural commodi-
ties).

The results highlight several major implica-
tions. For investors, they adapt hedging strat-
egies and diversify beyond traditional asset
classes, taking into account the geopolitical di-
mension. For monetary authorities, they inte-
grate geopolitical and energy shocks into stress
tests and the assessment of financial stability.
For policymakers, they promote countercyclical
energy and fiscal policies to reduce the vulner-
ability of emerging markets to external shocks.
At the international level, strengthen economic
and financial cooperation in order to limit the
effects of cross-border contagion in times of
global crises.

In short, this study confirms that the intercon-
nection between financial markets, energy, and
geopolitics constitutes a growing source of sys-
temic risk. Taking these interactions into account
is now essential, both for academic research and
for formulating appropriate economic policies.

8. Practical recommendations
Based on the results obtained, several concrete
recommendations can be made for financial
players, public decision-makers and regulatory
authorities.

8.1. For investors
and portfolio managers

« Strategic diversification: broaden coverage
beyond bonds and oil by integrating alternative
safe-haven assets (gold, regulated digital assets,
green energy ETFs).

« Dynamic risk management: use conditional
volatility models (DCC-GARCH, dynamic copu-
las) to adjust allocations based on changes in
correlations.

e Multi-scenario approach: explicitly inte-
grating geopolitical shocks and energy risks into
portfolio stress tests.

8.2. For monetary authorities
and regulators

* Integrating geopolitical risk: including in-
dicators of international tensions (GPR indices)
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in macroprudential surveillance and in financial
stability forecasting models.

» Improving banking stress tests: assess-
ing the impact of combined scenarios (rising
oil prices + geopolitical crisis + financial volatil-
ity) to better anticipate systemic vulnerabilities.

» Monetary policy coordination: promoting
cooperation between central banks to reduce the
instability of capital flows in emerging markets.

8.3. For public decision-makers
and international institutions

» Countercyclical energy policies: develop
stabilization mechanisms (sovereign funds, stra-
tegic reserves) to limit the dependence of public
finances on oil revenues.

» Strengthening international cooperation:
establishing institutional frameworks for cri-
sis management to reduce the effects of cross-
border contagion.

» Promoting sustainable finance: encour-
aging the financing of projects linked to re-

newable energy and the green transition in
order to reduce structural exposure to oil
shocks.

8.4. For emerging markets

» Development of local bond markets: in-
creasing domestic depth and liquidity to reduce
dependence on volatile foreign capital.

e Improving macro-financial governance:
strengthening the credibility of budgetary and
monetary institutions to limit the impact of ex-
ternal crises.

« Economic diversification: reducing depend-
ence on raw materials by supporting non-oil
sectors, thus promoting greater structural resil-
ience.

In summary, implementing these recommen-
dations would help mitigate contagion effects,
strengthen the resilience of financial markets,
and better prepare economies, particularly
emerging ones, for future energy and geopoliti-
cal shocks.
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