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Information flow dynamics between geopolitical risk and major asset returns

show opposite responses to GPR; in the medium and long term, GPR information increases
the risk in the financial market; and the efficiency of the financial asset markets can be con-
firmed on a long-term scale where various assets tend to bear similar responses to GPR. These
findings are relevant for managing portfolios across different investment horizons.

The remainder of this paper is organized as follows. Section 2 briefly describes the data and
the methods used in this study. The study’s empirical findings are presented in Section 3.
Finally, in Section 4, we make some concluding remarks.

Data and methods
Data

We utilize the daily log-return series of Russian bonds, European bonds, Russian equity, Euro-
pean equity, crude oil, gold, natural gas, and wheat, in addition to daily geopolitical risk. The
sample period spans from February 22, 2021, to March 7, 2022, and the trajectories of the raw
series are shown in Fig 1. The start date is chosen to mark a day after the announcement by the
Russian Defense Ministry on February 21, 2021, regarding the deployment of paratroopers at
the borders of Ukraine.

A descriptive summary and a correlation matrix of the return series are presented in
Table 1. It is clear from the table that all the return series have a mean value close to zero and
do not follow a normal distribution. Among financial assets, the return series of Russian bonds
and European equity show large fluctuations between their minimum and maximum values.
Furthermore, among the assets, the return series of Russian bonds and European equity is the
most left-skewed and has the largest kurtosis values. These results imply that the returns on
these two assets were the most affected by the Russian-Ukraine conflict. Additionally, in the
correlation matrix, the return on the GPR index is predominantly negatively correlated with
financial asset returns but positively correlated with crude oil and Russian equity.

Fig 1. Trajectories of asset and geopolitical risk series (February 22, 2021, to March 7, 2022).
https://doi.org/10.1371/journal.pone.0284811.g001
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Table 1. Summary statistics.

Panel A: Sample statistics

Russian bonds European bonds Russian equity European equity Oil Natural gas Gold Wheat GPRD
Minimum -0.40 -0.01 -0.04 -0.48 -0.14 -0.12 -0.08 -0.05 -1.43
Maximum 0.11 0.02 0.03 0.23 0.08 0.15 0.08 0.02 2.49
Average 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15
Std.dev 0.03 0.00 0.01 0.05 0.02 0.04 0.02 0.01 0.55
Skewness -8.17 0.88 -0.92 -5.45 -0.94 -0.25 0.56 -0.81 0.24
Kurtosis 81.48 6.28 3.08 54.51 5.93 1.84 1.90 3.33 0.88
Normtest. W 0.26™** 0.94™* 0.93** 0.47*** 0.93*** 0.96™** 0.96™** 0.94™** 0.99*
Panel B: Correlation matrix
Russian bonds 1.00
European bonds -0.24 1.00
Russian equity 0.32 -0.20 1.00
European equity 0.86 -0.20 0.48 1.00
Oil -0.21 -0.12 0.18 -0.07 1.00
Natural gas -0.02 0.14 -0.07 0.03 0.04 1.00
Gold -0.42 0.04 -0.19 -0.36 0.23 -0.02 1.00
Wheat -0.15 0.28 -0.03 -0.11 0.10 0.09 0.28 1.00
GPRD -0.05 -0.01 0.06 -0.02 0.01 -0.03 -0.02 -0.04 1.00

Notes: GPRD is daily returns of geopolitical risk indices; Normtest.W is the statistic of a Shapiro-Wilk test of normality;
*[10%] and

**%[1%] are the respective significance levels.

https://doi.org/10.1371/journal.pone.0284811.t001

We deal with the nonlinearity, nonstationary, and asymmetry attributable to the return
series in a non-parametric fashion. We follow an embryonic decomposition technique with a
robust transfer entropy approach, as discussed below.

I-CEEMDAN

The latest strand of the EMD family, the I-CEEMDAN from [32], caters for noise that usually
dominates short term [12, 33, 34]. Alternative methods include time-frequency approaches
using wavelet methods, connectedness approach [35-38]. Its strengths include efficiency, the
noise-to-signal ratio (SNR) compression of modal decompositions in dynamic signals, and
precision with reconstruction [39, 40]. The I-CEEMDAN strand of [7], which has the best of
these properties, is summarized as follows:

Stage I: Generate a new series by appending white noise 7;[w"”] to a signal &

o) =g+ py(@?), i=1, 2, ..., N, (1)

where 0 is the i-th white noise term added, p, denotes the SNR, and N. represents the num-
ber of added white noises.
Stage I1: Estimate the local average of a” by applying EMD to glean the opening residual

r, = (%) Zi:M(cx(")), (2)

from which first IMF ¢; = & — r; could be deduced.
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Stage III: In a recursive process, generate the k-th IMF ¢, = r_; — r, for k > 2, where

= () om0+ o) ®)

Transfer entropy (TE)

Let I, with marginal probability p(i), and J, with marginal probability p(j), represent two dis-
crete random time series. Their joint probability is then defined as p(i, j). In order k (process I)
and I (process ]), we also assume dynamic stationarity for the Markov process. As stated by the
Markov property, the probability at which I is observed in state i and time ¢+ 1 conditioned on
k preceding data points is

p(it+l|it7 ttt it*k#»l) = p(iH»l‘it’ ct itfk)' (4)

The mean bits needed for encoding the data point at ¢ + 1 after knowing k observations is
given as

(K = = Pl i¥)log, pli i) 5

where il = (i,,..., i_, 1) (correspondingly for process J).

The information flow to I from J is examined in a bivariate case by quantifying the variance
from the Markov property p(i,,,|i’) = p(i,, i, ii").
Shannon’s entropy (SE) is then expressed as follows:

P(i il ji")

T, (kD)= PG, i? Do
(k) = Pliy,, i, jP)log Pl )

, (6)

where T;_,; aggregates the information flow toward I from J. Analogously, the flow of informa-
tion toward J from I, which is T;_,j, can be obtained. The net estimate of the information flow
is computed as the excess of T; . over T} .j, which serves as the central information flow path.

The expediency of SE in the area of finance cannot be overemphasized, but it does not attri-
bute equal weights to all probable expectations in a probability distribution. Note that fat tails
are pervasive in asset pricing, but the SE does not overcome this assumption. Therefore, we
resort to [41] transfer entropy (RTE), which uses a weighting value g, to overcome this shortfall
of the SE. RTE is computed as

= DY 7)

with g > 0. For ¢ — 1, RE and SE converge. For 0 < g < 1, more weight is assigned to low
probability events, while for g > 1, outputs j with higher initial probabilities are favored by the
weights. Resultantly, based on g, RTE facilitates the assignment of different weights to unequal
regions of the distribution [13, 42, 43]. This feature of RTE makes it superior to SE and, hence,
contributes to its desirability in finance.
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The “escort distribution” & (j) = fﬁim for g > 0 is applied to normalize the weighted dis-
i

tributions [44], from which RE is estimated as

3,8, (i)P i i)
PIREHCAN A JIOMEAN D

1 L
RTIHI(k’ l)= qu(lwv ZEk)7 ]51)) log, (8)

Note that negative estimates could be provided by the RTE. Acknowledging J’s record, in
this case, connotes significantly more uncertainty than acknowledging only Is record would
imply.

TE estimations are subject to biases in small samples [45]; the effective transfer entropy can
resolve this and is derived as

ETE]%I(IQ l) = T]Hl(k7 l) - T/shuﬂ]ed%[(k7 1)7 (9)

where the TE using faltered forms of the data series J is represented as Ty, peqd—1(k, I). The pro-
cedure removes the serial reliance of the data series of ], while the statistical linkages between ]
and Jare preserved through repetitive random draws from the given return series J and rear-
ranging them to produce a fresh return series. We utilize the package “RTransferEntropy” in R
programming.

Empirical results and discussion

In this section, we present and discuss the empirical findings. We note that geopolitical risk
(GPR) is driven by shocks to the international order. These shocks include, among others,
wars, military actions, and diplomatic conflicts. As these events are predominantly political in
nature, financial markets typically have no direct influence over them [6]. It would certainly be
contrary to economic intuition to consider financial markets as contributors to geopolitical
risk. By contrast, the impact of geopolitical shocks on financial markets is significant. Shocks
emanating from geopolitical crises affect financial markets through risk transmission and con-
tagion [28]. Therefore, in our analysis, we resort to the flow from geopolitical risk, as measured
by GPR, to gauge the impact of geopolitical shocks on asset returns. This position is consistent
with [12, 46, 47], who analyze the one-way flow from COVID-19 shocks to financial markets.

We focus on the one-way information flow from geopolitical risk (GPR) to major European
assets and global commodities. The Rényian TE approach yields both high-risk (negative) and
low-risk (positive) ETEs. In the spirit of risk management, we analyze the ETEs in line with
portfolio diversification and the efficiency of these assets in the wake of geopolitical risk. Fol-
lowing the extant literature [12, 47, 48], we specify a fault weight of 0.30 by way of accounting
for the return series’ tailed observations. We evaluate the dynamic responses of various assets
to geopolitical risk at multi scales. The ETEs are represented by black dots located in the red
bars. The ends of the red bars represent 95% confidence interval bounds. Therefore, we reject
HO of “no information flow” for any confidence bounds that completely fall in one region (be
it positive or negative). A given ETE lacks statistical significance for any overlapping confi-
dence boundaries at the origin. Tables 2 and 3 provide the numerical estimates of the ETEs
(see S1 Appendix).

For the signal data, ETEs are positive for all commodities save crude oil, while all traditional
assets are negative ETE recipients (Fig 2). Nevertheless, significance cannot be attributed to
any of the ETEs of the signal data. Signal ETEs imply that diversifying geopolitical risks may
be insignificant despite the potential. By accounting for complexity, nonlinearity, and asym-
metry in asset returns, the ETEs from the decomposed return series are examined.
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Information flow towards asset returns - Signal
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Fig 2. ETEs for signal.
https://doi.org/10.1371/journal.pone.0284811.9002

Following [12], IMF1 and 2 (Fig 3) are designated for the short term. ETEs in the short
term suggest significantly high risks for crude oil returns but low-risk Russian equity and
wheat. The high-and low-risk potentials of all other asset returns are insignificant in the short
term. The information flow from geopolitical risk in the short term is distinctly received by
various assets, as we identify negative and positive ETEs.

The medium-term subtleties are indicated by IMFs 3 to 5 (Fig 4). It is worth noting that the
number of high-risk (negative ETE receiving) assets increases with scales. Higher scales
(IMFs) yield more negative ETEs, reflecting high uncertainties surrounding asset returns in
medium- to long-term periods. Specifically, in the medium term, except for European equity
and natural gas at IMF3, all assets receive negative information flow. Indicatively, the ETEs for
gold and wheat prove significant at the medium scale.

The fundamental characteristics of assets are noted to prevail in the long term. Thus, the
IMF residual denotes long term (Fig 5). Long-term ETEs suggest significantly high risks for all
assets. The information content transferred by geopolitical risk to the studied assets renders
their returns highly risky. There is significantly more uncertainty when the history of geopolit-
ical risk is incorporated into market returns from the studied assets.
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Information flow towards asset returns - IMF1
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Fig 3. Short-term ETEs.
https://doi.org/10.1371/journal.pone.0284811.9003

Our findings have several implications. For the signal data, diversification prospects
between high-risk and low-risk ETE recipients are insignificant, which we attribute to the exis-
tence of complexity in asset returns within the signal. In the presence of a complex, non-linear,
and asymmetric market response, assets bear fat tails and noise that are accounted for in the
I-CEEMDAN decomposition of the signal data into IMFs to represent various investment
horizons and distinguish short-term dynamics from their medium-and long-term counter-
parts, an important parameter for investments [7, 12, 49]. Market participants’ attitudes sym-
bolize the short term, the impact of key occurrences embodies the medium term, and
fundamental linkages describe the long term [12, 34, 39, 50-52]. Our results imply diversifica-
tion advantages across the short term, between the pairs of Russian equities and crude oil or
wheat and crude oil at the short-term scale (IMF2).

The fact that the signal transfer entropies are insignificant, while those across the various
scales bear some significance, emphasizes the need to explore the effect of GPR on various
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Information flow towards assetreturns - IMF3
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(c) IMF5
Fig 4. Medium-term ETEs.
https://doi.org/10.1371/journal.pone.0284811.9004
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