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DYNAMIC LINKAGES BETWEEN STOCK MARKETS: EVIDENCE FROM USA,
GERMANY, CHINA AND RUSSIA
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Abstract: Currently, financial markets are growing rapidly, which increases the necessity to examine the financial sector.
Considering the Russian Federation, the amount of private investors has doubled in Russia since the beginning of 2020 (Finam,
2020). It is important to realize how cash flows between the largest stock market indices. The main hypothesis of the research
suggests that the U.S., Germany, and China markets result in significant changes in the Russian stock market. The research
objective is to determine the degree of the Russian stock market dependence on the markets of developed and developing
countries using methods of econometric analysis. Daily data on S&P500, DAX30, Hang Seng, and Moscow Exchange Index
from January 1, 2015, to December 31, 2019, were taken. The research method chosen is a cointegration approach, including
the construction of vector autoregression and vector error-correction models and the application of Impulse Response
Functions. The results of the Granger causality test reveal no significant interconnection between the Dax30 and the Moscow
Stock Exchange Index; the S&P500 affects the Moscow Exchange Index, whereas the Russian stock market affects the Chinese
one. According to the cointegration analysis, there is a strong positive influence of the American stock market on the Russian
stock market, which does not decrease during the researched period. The stock indices of China and Germany show a weak
quantitative influence and mixed dynamics for a long time. The results of the research could be used as recommendations for
making management decisions by private investors, hedge funds and managers of large companies.
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Introduction

The first exchange in the world was founded in 1602, since then, various approaches to asset value
analysis had been implemented (Tenshin, 2019). Currently, the most common types of analysis are
technical and fundamental. The technical approach stands for forecasting future price changes based on
the analysis of price changes in the past (Linkova, 2016). The fundamental approach implies predicting
changes in asset prices by using the macroeconomic analysis and comparing the performance of a
company with the industry median (Khromov, 2010). The econometric analysis is used to evaluate
financial assets and predict their value using econometric modelling (Fantazzini & Dean, 2008). The
increased interest of individuals in the analysis of financial time series makes it more and more relevant.
For instance, the number of individual investors in Russia doubled in 2020: from 3.6 million people in
January to 7.5 million in October (Finam, 2020). This fact brings special relevance to the topic of this
study, namely the interaction of the largest financial markets in the world, which are the United States
of America, China, Germany, and the Russian Federation.

The most common econometric methods applied to the analysis and forecast of financial time series are
the vector autoregression (VAR) (Taveeapiradeecharoen et al., 2019) and the global vector
autoregression (GVAR) modelling (Pesaran et al., 2009), the vector error correction model (VECM)
(Kularatne, 2002), autoregressive moving average (ARMA) (Taylor, 2007), autoregressive integrated
moving average (ARIMA) (Alwadi et al., 2011), generalized autoregressive conditional
heteroskedasticity (GARCH) (Lin, 2018), autoregressive distributed lag (ARDL) (Shrestha &
Chowdhury, 2005).

Literature background

G. Dhesi and L. Xiao (2010) tested the hypothesis that the American financial market affects the markets
of Germany, France, and the United Kingdom. They found out that the significant changes in the U.S.
stock market lead to increased volatility on Asian exchanges. At the same time, there is an asymmetry
of volatility. Changes in the UK market lead to considerable changes in the European markets (France,
Germany, Italy); however, significant fluctuations in the S&P500 index affect both British and
American indices (Don Jones, NASDAQ).
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P. Mukherjee and S. Bose (2008) confirmed that U.S. indices have a slight impact on the entire Asian
market. Conversely, the Japanese market significantly affects all Asian and American indices.

H. Berumen and O. Ince (2005) found out that the S&P500 index affects the ISE100, the largest stock
index of Turkey. They also concluded that the correlation coefficient with the U.S. depends on the
geographical location of the stock markets.

Contrarily, several studies refuse the linkages between the markets. A. Kanas (1998) established that the
U.S. stock market and the markets of Great Britain, Germany, France, Switzerland, Italy, and the
Netherlands were not co-integrated in pairs, which meant that there were no long-term links between
the U.S. and any of the main European markets.

E. Fedorova (2013) found no correlation between the RTS (Russia) and DAX30 (Germany), RTS, and
S&P500 (the U.S.) indices. The connection was detected between the RTS and Golden Dragon (China).
The influence of the VIX fear index on the RTS was also observed. During the crisis period, the situation
on the markets does not change co-integration vectors only in the pair of RTS and Golden Dragon.

D. Samoylov (2010) revealed a multidirectional impact of the FTSE and S&P 500 indices on the Russian
stock market during the pre-crisis and post-crisis periods. The RTS directly depends on the S&P 500,
FTSE, and VIX indices in pre-crisis periods, which, in their turn, depend on oil futures. The crisis period
is characterized by a decline in the influence of S&P 500 and FTSE indices, but the impact of oil prices
and the VIX fear index remains. The price of oil and the S&P500 keep being the main guides of the
RTS index in the post-crisis period.

The study by E. Fedorova and Y. Nazarova (2010) highlights the factors that can cause volatility and
frequent changes in the RTS index: the Brazilian stock market index (BOVESPA), the German stock
market index (DAX), world oil prices (Brent), and world gold prices (London Fix PM, Gold). They also
reveal that one of the factors influencing the volatility of the Russian stock market is the S&P500.

The analytical note on the growth drivers of the MICEX index (Karpov, 2017) confirms that the Russian
market is influenced by indices of both developed and developing markets.

Most researchers consider only the largest financial markets. Therefore, there is a lack of analysis of the
interrelation between developing and developed financial markets in the existing literature. This
research aims to explore this issue and provide a complete and relevant assessment of the situation in
the financial markets of the U.S., Germany, China, and Russia. The result of this research can be useful
to investors and financial institutions engaged in long-term investing in international markets.

Data and methodology

Based on the literature review, the S&P500 Index (USA), Hang Seng Index (China), DAX 30 Index
(Germany) were selected as factors affecting the Moscow Exchange index (MOEX). The dataset
contains daily data from January 1, 2015, until December 31, 2019. The time series were transformed
into logarithmic series and located within a single range; 1156 observations are available for each series.
The descriptive statistics for the dataset are provided in Table 1.

Table 1: Descriptive statistics for variables

MOEX S&P500 Hang Seng Dax 30
Mean 2130.36 2454.00 25697.11 11601.79
Median 2071.48 2435.86 26036.11 11755.90
Maximum 3033.81 3239.91 33154.12 13559.60
Minimum 1435.66 1829.08 18319.58 8879.40
Std. Dev. 362.70 358.11 3208.80 1064.58
Skewness 0.47 0.17 -0.12 -0.35
Kurtosis 2.40 1.68 2.21 2.13
Jarque-Bera 60.31 89.48 32.70 60.24
Probability 0.00 0.00 0.00 0.00
Sum 2462691 2836830 29705857 13411670
Sum Sq. Dev. 152000000 148000000 11900000000 1310000000
Observations 1156 1156 1156 1156

Source: Authors
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The P-value of the Jarque-Bera statistic is close to 0, which suggests that the errors of each time series
do not have a normal distribution. In this sample, the distribution is flat-topped for all the series. Right-
sided asymmetry is present for the MOEX index and the S&P500 and left-sided for the Dax30 and Hang
Seng indices.

In order to work with the value of assets in the stock market (stocks, commodities, etc.), it is necessary
to bring them to the form of white noise, which is a stationary process with constant mathematical
expectation, constant variance, and a zero autocovariance function for all but zero lag. It is achieved by
taking the logarithm of the growth rate number (equation 1) (Sarwar et al., 2020; Urazbaeva et al., 2020).

Pt 100% — 100%), (1)

r=1In (Pt_1

where r is the return to the previous period for time (t=1, 2, ..., T), and Py presents the growth
rate number of particular indices at time.
Results and discussion

To determine the order of integration (the stationarity of the series), the Dickey-Fuller test (DF-test) was
implemented. The results of the test are presented in Table 2.

Table 2: Results of DF-test

Intercept with trend Output
Variable name Level First difference
DAX30 -2.31 -33.22%** 1=1
Hang Seng -1.48 -32.50*** 1=1
MOEX -1.13 -33.27*** 1=1
S&P -0.47 -34,79*** 1=1

Levels of significance: *** p < 0,01, ** p <0,05,* p < 0,10
Source: Authors

Considering the integration order equal to 0 (I = 0), none of the original series is stationary. However,
the series became stationary after taking the first differences, which confirms that integration order
equals 1 (I = 1). It allows us to apply the cointegration analysis by the Johansen approach.

Since the Johansen approach is sensitive to the choice of lags in the model, it is necessary to select the
optimal number of lags. The set of criteria for lag selection is presented in Table 3, where LR is
Likelihood ratio, Final Prediction Error (FPE), Hannan-Quinn Criterion (HQ), Akaike’s Information
Criterion (AIC), Schwarz Criterion (SC).

Table 3: Results of lag length criteria test
Lag LR FPE AIC SC HQ
0 NA 7.2e-10 -9.70 -9.68 -9.69
1 17976.42 1.1e-16 -25.40 -25.31 -25.36
2 473.99 7.4e-17 -25.79 -25.63 -25.73
3 176.67 6.6e-17 -25.91 -25.68* -25.83
4 66.49* 6.4e-17* -25.94* -25.64 -25.83*
* indicates lag significance
Source: Authors
Table 4: Results of Johansen test
Model 1 Model 2
Data trend | Test type Trace | Max-Eig | Datatrend | Test type Trace | Max-Eig
None No intercept, | 0 0 None No intercept, | 0 0
no trend no trend
None Intercept,no | 1 1 None Intercept,no | O 1
trend trend
Linear Intercept,no | 1 1 Linear Intercept,no | 0 1
trend trend
Linear Intercept, 1 1 Linear Intercept, 1 0
trend trend
Quadratic Intercept, 1 1 Quadratic Intercept, 2 0
trend trend
Source: Authors
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According to Table 3, four out of five criteria show the significance of the fourth lag. The Schwarz
criterion reveals the significance of the fifth lag. The models are sensitive to the ordinal number of lags,
so two models will be considered for objective analysis. Model 1 is the model with 4 lags. This model
is preferred due to lag significance in the most of information criteria. Model 2 includes three lags,
respectively. The result of the Johansen cointegration test is in Table 4.

This test determines the presence of paired cointegration, which indicates a long-term relationship
between the studied time series. Based on the results of the test, a vector error correction model (VECM)
was built for model 1 and vector autoregression (VAR) for model 2 due to the lack of cointegration. The
simulation results for model 1 are presented in Table 5.

Table 5: Results of cointegration equation
Variable | Coefficient | Standard | t- Critical Critical Critical Output
errors statistics | value oft | value of t | value of t
-statistics | -statistics | -statistics
on 1% on 5% on 10%
level level level
MOEX 1.00 - - 2.58 1.96 1.64
Dax30 0.81 0.18 4,52 2.58 1.96 1.64 significant
at 1% level
S&P -1.57 0.10 -16.11 2.58 1.96 1.64 significant
at 1% level
Hang- 0.23 0.13 1.78 2.58 1.96 1.64 significant
Seng at 10%
level
Constant | -5.38 - - 2.58 1.96 1.64
Source: Authors

The coefficients for Dax30, S&P500 are significant at the 1% level, and the Chinese stock index Hang-
Seng is significant at the 10% level.

The Granger causality test is performed to establish causal relationships between time series in the short
term. The results of the Granger test for models 1 and 2 are presented in Table 6.

Table 6: Results of Granger causality test for both models
Model 1 Model 2
Variable Probability value Interpretation | Variable | Probability value Interpretation
for the hypothesis (short-run) for the hypothesis (short-run)
MOEX | Variable MOEX | Variable
does not | does not does not | does not
Granger | Granger Granger | Granger
Cause Cause Cause Cause
Variable | MOEX Variable | MOEX
Dax30 0.39 0.17 No Dax30 0.24 0.002 MOEX <=
relationships Dax30
S&P500 0.85 0.00 MOEX <= S&P500 | 0.13 0.00 MOEX <=
S&P500 S&P500
Hang 0.004 0.48 MOEX => Hang 0.00 0.15 MOEX =>
Seng Hang - Seng Seng Hang - Seng
Source: Authors

The models depicted different results. Model 1 revealed that only the S&P500 affects the MOEX index
in the short term. No short-term relationship was found between MOEX and DAX30. The Russian
market affects the Chinese market through the Hang-Seng index. These results are confirmed by the
analytical note by Mikhail Zeltser, BCS expert (2020). This sample does not contain large
macroeconomic shocks, so the influence of the S&P500 in the model is considerable. Model 2 confirmed
that the MOEX index is influenced by the S&P 500 and Dax 30. The MOEX index is the reason for the
change in the Chinese Hang-Seng index.

The robustness of the models was checked by applying the LM test (Table 7) for the presence of
autocorrelation of the first and higher orders. Autocorrelation violates the condition of the Gauss-
Markov assumptions that the disturbances are uncorrelated at different times (Demidova, 2020).
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Table 7: Results of the autocorrelation test for both models

Model 1 Model 2
Lags LM-Stat Prob LM-Stat Prob
1 10.92 0.81 88.00 0.00
2 15.99 0.45 77.28 0.00
3 10.29 0.85 57.95 0.00
4 13.50 0.64 24.33 0.08
5 11.36 0.79 14.57 0.56
6 11.18 0.80 17.82 0.33
7 23.97 0.09 23.72 0.10
8 24.44 0.08 27.22 0.04

Source: Authors

For the first model, there is no autocorrelation at all lags. For the second model, there is autocorrelation
at the first three lags. It means that more robust and predictable results are presented by the first model.
Heteroscedasticity also was considered when checking the robustness. The results of the White test for
heteroscedasticity are presented in Table 8. The heteroscedasticity is present in both models.

Table 8: Results of the heteroscedasticity test for both models

Model 1 Model 2
Chi-sq df Prob, Chi-sq df Prob,
905.62 | 340 0.00 617.23 240 0.00

Source: Authors

Two models were compared to construct quantitative estimates of the coefficients for the model (impulse

response functions). The comparison results are in Table 9.

Table 9: Comparison of two models

Model 1 Model 2

Comparison criterion Conclusion Comparison criterion Conclusion

Lag length criteria 4-th lag Lag length criteria 3-th lag

Cointegration Cointegration Cointegration No cointegration
confirmed

Type of model VECM Type of model VAR

Heteroskedasticity Heteroskedasticity Heteroskedasticity Heteroskedasticity
confirmed confirmed

Autocorrelation No autocorrelation Autocorrelation Autocorrelation

confirmed

Source: Authors

Figure 1: Impulse response functions
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The fact that there is no autocorrelation of the first and subsequent orders speaks in favor of the first
model, as well as the fact that for the 4th lag, more information criteria were preferred. Based on the
results of the comparison, model 1 was selected for constructing the impulse response functions
represented in Figure 1.

Based on the charts, single price impulses for S&P500 cause a positive response from the stock market
of the Russian Federation. This response does not fade over time, it remains constant. Dax30 impulses
cause a weak negative response from the Russian stock market. The response ceases to be significant at
the 4th lag. The opposite situation occurs for the Hang-Seng and the Moscow Exchange index pair: the
Chinese stock market causes a weakly positive response from the Russian stock market.

Discussion and Conclusions

This research was aimed at determining the dependence degree of the Russian stock market on the
markets of China, Germany, and the U.S. The Granger test for causality showed that there is not only
long-term but also short-term interdependence between the Russian and United States stock market; the
dynamics of the S&P500 stock index strongly influence the Moscow Exchange index. As a result of
checking the robustness of these models, it turned out that the model with 4 lags is the most robust.
Subsequently, the model was quantified using the impulse response function. It turned out that the U.S.
market has a considerable influence on the Russian market, causing a positive response.

The final model can quantitatively reflect the qualitative relationship that exists between the stock
markets of the United States, Russia, and China. Determining the nature of the relationship can help in
making management decisions for hedge funds, as well as for private investors.

This study has a valuable practical significance for investors from the researched countries, stock market
stakeholders and policymakers. To predict changes in the Russian MOEX index, it is essential to pay
attention to the major U.S. index S&P500. The MOEX displays a similar movement as the S&P500 with
a delay. To diversify an investment portfolio that comprises MOEX stocks for hedging purposes, it is
not advisable to use only the S&P500 and the companies that compose it, while stocks of the Dax30 and
Hang-Seng can be considered for inclusion.
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