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Abstract: The United States, Russia and China are militarily and economically among the
most powerful countries in the post-Cold War period, and the interactions between the three
powers heavily influence the international system. However, different conclusions about this
question are generally made by researchers through qualitative analysis, and it is necessary
to objectively and quantitatively investigate their interactions. Monthly-aggregated event data
from the Global Data on Events, Location and Tone (GDELT) to measure cooperative and
conflictual interactions between the three powers, and the complementary cumulative distri-
bution function (CCDF) and the vector autoregression (VAR) method are utilized to investi-
gate their interactions in two periods: January, 1991 to September, 2001, and October, 2001
to December, 2016. The results of frequencies and strengths analysis showed that: the fre-
quencies and strengths of USA-China interactions slightly exceeded those of USA-Russia
interactions and became the dominant interactions in the second period. Although that coop-
eration prevailed in the three dyads in two periods, the conflictual interactions between the
USA and Russia tended to be more intense in the second period, mainly related to the stra-
tegic contradiction between the USA and Russia, especially in Georgia, Ukraine and Syria.
The results of CCDF indicated that similar probabilities in the cooperative behaviors between
the three dyads, but the differences in the probabilities of conflictual behaviors in the
USA-Russia dyad showed complicated characteristic, and those between Russia and China
indicated that Russia had been consistently giving China a hard time in both periods when
dealing with conflict. The USA was always an essential factor in affecting the interactions
between Russia and China in both periods, but China’s behavior only played a limited role in
influencing the interactions between the USA-Russia dyad. Our study provides quantitative
insight into the direct cooperative and conflictual interactions between the three dyads since
the end of the Cold War and helps to understand their interactions better.
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1 Introduction

Fundamental changes have taken place in the structure of the international system since the
end of the Cold War; moreover, changes in the mutual interest and demand between the
three major powers—the United States, Russia and China, have resulted in fundamental
changes to the nature of their interactions (Kornberg, 1996; Kalyvas and Balcells, 2010;
Pang and Liu, 2019). As the most critical triangular interactions in post-Cold War interna-
tional politics, the interactions between these three major powers will significantly affect the
international system and regional situations (Guo 2002; Gladkyy, 2003; Li, 2017; Zhao,
2018). Therefore, their interactions are perennial focuses of the international community,
and continue to constitute a core issue in the academic arena. So, how do they interact be-
tween each other after the end of the Cold War? How do the interactions between one dyad
affect the other dyad behaviors toward each other? However, different conclusions about this
question are generally made by many researchers based on the combination of international
events and the experience of themselves, theoretical preferences, or both (Chi and Hou,
2019). Therefore, there is a need to analyze their interactions objectively and provide a bet-
ter understanding by applying quantitative data and methods.

Along with the emergence of big data and computational social science (Cukier and
Mayer-Schoenberger, 2013; Lazer et al., 2014), quantifying the relationships between the
countries by using numerous events occurring between the countries and statistical methods
offers a good way of understanding their relationships (Leetaru and Schrodt, 2013; Gao et
al., 2013). The open-accessed and massive event database—the Global Data on Events, Lo-
cation and Tone (GDELT), introduced in 2013—can provide massive event data for conduct-
ing a quantitative investigation of the interactions between the three countries. Currently,
GDELT data has been utilized in the fields of geography (Yuan et al., 2017; Levin et al.,
2018; Chen ef al., 2019; Liu et al., 2019; Ma et al., 2019; Shen et al., 2019), political sci-
ence (Yonamine, 2013; Abb and Striiver, 2015; Gonzalo et al., 2015; Li, 2015; Pang and Liu,
2019; Zhang et al., 2019), economics (Elshendy and Fronzetti, 2017; Theocharous et al.,
2018) and other fields (Bodas-Sagi and Labeaga, 2016). GDELT uses a machine-coded
method to extract events from global prints, broadcasts, and media in over 65 languages
from 1979 to the present and then codes the events into nearly 300 sub-classes of 20 catego-
ries' with weights (Leetaru and Schrodt, 2013; Shen et al., 2020). The format of the event is
recorded as “who did what to whom,” and has the time, location, and specific event type
assigned to a fixed weight between —10 and +10 to measure the different levels of conflict
and cooperation in interstate relationships according to Goldstein scales, which is a way to
assign weights to types of events proposed by Goldstein (1992). The value ranges from
—10 for the most conflictual events (e.g., military attacks) and +10 for the most coopera-
tive events (e.g., military retreat). Generally, the scales or numbers of events during a spe-

' 20 categories of event types include public statements, appeal, express intent to cooperate, consult, engage in diplo-
matic cooperation, engage in material cooperation, provide aid, yield, investigate, demand, disapprove, reject, threaten,
protest, exhibit force posture, reduce relations, coerce, assault, fight and use unconventional massive violence.
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cific period sent from country A to country B and those sent from country B to country A
are used as measures to present the interactions between two countries in the quantitative
analysis.

Scholars have used event data to analyze interstate interactions for decades. However,
most of the existing quantitative literature that uses event data to analyze the interactions
between the three countries is focused on the Cold War period. Manually coded event data-
sets of the Conflict and Peace Data Bank (COPDAB), available from 1948 to 1978 (Azar,
1980), and the World Events Interaction Survey (WEIS), available from 1966 to the 1990s
(Azar, 1980), were mostly used to quantitatively study the superpower relations, as well as
the relationships between politics and trade during the Cold War period. For instance, Ward
(1982), Dixon (1986), McGinnis and Williams (1989), and Goldstein (1991) utilized
COPDAB and WEIS event data to explore USA-Soviet relations during the Cold War period
quantitatively. Meanwhile, several empirical studies investigated the USA-Soviet-China in-
teractions. Rajmaira and Ward (1990) examined the dyadic relationships among the three
countries from the 1950s to the 1970s as based on COPDAB and WEIS. Goldstein and
Freeman (1991) and Goldstein (1992) combined event data—COPDAB, WEIS, and
ASHLEY—to quantitatively investigate USA-Soviet-China interactions from the 1950s to the
1980s, and showed the importance of reciprocity and the third country’s influence in their
interactions. Kang and Reuveny (2000) studied the political interactions among the USA,
Soviet, China, Japan, and (West) Germany from 1980 to 1991 based on the COPDAB and
WEIS data. They found that minor powers significantly influenced bilateral or trilateral rela-
tions between the superpowers. These quantitative studies placed the interactions between
the major powers on strong empirical footings and yielded new insights into their pol-
icy-making during the Cold War period.

The interactions between the USA, Russia and China after the end of the Cold War are
fundamentally different from those during the Cold War period (Guo 2002; Gladkyy, 2003;
Zhao, 2018). However, only a limited number of quantitative studies based on event data
investigate their post-Cold War interactions. For example, Li (2002) analyzed the conflict
and cooperation level of USA-China relations from 1993 to 2000 by using month-
ly-aggregated weights based on the events obtained from the Peoples Daily and found that
cooperation was the mainstream and the two sides’ interactions were generally at the same
level. Yan’s team (Yan, 2010, Yan and Qi, 2012) from Tsinghua University revealed the
monthly bilateral relations between USA-China dyad and Russia-China dyad by manually
coding and aggregating the event data monthly from China’s perspective. Their work pro-
vides available data for empirical research on bilateral relations. However, these data cannot
distinguish between the sending country and the receiver because of the nature of mixed
time-series of weights of events that occurred between two countries; and might suffer the
“under-report bias” as Chinese media is their main sources of the news (Weidmann, 2016).
The emergence of open-accessed GDELT data with multiple sources has been used in quan-
tifying the relations between countries (Abb and Striiver, 2015; Chen et al., 2019, Shen et al.,
2019, Pang and Liu, 2019). Shen et al. (2019) explored the differences and persistent char-
acteristics of the cooperative and conflictual interactions between the USA and China using
the CCDF (complementary cumulative distribution function) method and Hurst method,
based on the monthly aggregated dyad Goldstein scales from GDELT since 1979. Pang and
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Pang and Liu (2019) used the vector autoregression (VAR) model to investigate the
interactions between the USA and China based on the weekly averaged Goldstein scales and
found that Russia significantly influenced the interactions between China and the USA. The
two studies used statistical methods and time-series scales of event data to investigate the
interactions between the USA and China, and both contributed to an understanding of the
USA-China interactions. However, the interactions between the three dyads (the USA and
China, the USA and Russia, as well as Russia and China) have not been sufficiently studied
using GDELT data. The usage of taking the averaged scale of events” cannot capture
whether the cooperative and conflictual behaviors between countries would interact, and
thus cannot examine the interdependence of the cooperative and conflictual interactions be-
tween the three dyads.

Therefore, our objective is to investigate the cooperative and conflictual interactions be-
tween the USA, Russia and China using the temporal scales of event data from GDELT from
1992 to 2016, aiming at providing a quantitative insight into the interactions between the
three dyads. Specifically, we utilize twelve monthly-aggregated variables (six cooperative
and six conflictual variables) between the three countries obtained from the GDELT and the
CCDF method and the VAR model to study their direct cooperative and conflictual interac-
tions between the three dyads, including analyzing the frequencies and intensities of their
interactions, the differences in the degree of their cooperative and conflictual behaviors, as
well as the interdependence of their cooperative and conflictual interactions between the
three dyads.

The remainder of this paper proceeds as follows. Section 2 briefly introduces our research
design, describes the measures of cooperation and conflict data obtained from GDELT, and
briefly introduces the CCDF and the VAR method. We present and analyze the results of the
CCDF method and the VAR model in Section 3. Lastly, we provide a conclusion and discus-
sion of the results and directions for future work in Section 4.

2 Data and methods

This section includes three parts. First, we illustrate the division of the study period from
January, 1992 to December, 2016 based on the occurrence of the terrorist attacks on Sep-
tember 11, 2001. The first period is from January, 1991 to September, 2001, and the second
is from October 2001 to December 2016. Second, we describe the event data from GDELT
and the constructed measures to represent the cooperative and conflictual behaviors between
the three dyads. Lastly, we briefly introduce the CCDF and the VAR method.

2.1 Division of the study period

To explore the temporal characteristics of the three dyads’ interactions, the leadership
changes in each country, any major international incidents in which the great powers were
involved, and statistical method were generally used to divide the time periods (Goldstein
and Freeman, 1991; Ward and Rajmaira, 1992; Li and Kong, 2010; Chen et al.; 2019; Pang
and Liu, 2019; Shen et al.; 2019). In this study, we followed the second proposal. According

% Taking the averaged scales of events denotes that the net scales (the sum value of cooperative scales and conflictual
scales) between dyad countries in a specific time period are divided by the total number of events.
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to the extent studies, the terrorist attacks on September 11, 2001 (9/11 for simplicity) in New
York and Washington, DC, brought about changes in foreign policies of the USA to empha-
size security. As a result, 9/11 led to notable changes in the relations between the USA and
Russia, as well as the USA and China (Gladkyy, 2003; Li and Kong, 2010). Therefore, we
divided 1992 to 2016 into two periods: the first period was from January 1991 to September
2001, and the second period was from October 2001 to December 2016, we would analyze
the cooperative and conflictual interactions between the three dyads in the two periods in
section 3.

2.2 Data source and measures of cooperation and conflict

The data used in this paper ranging from January 1992 to December 2016 were obtained
from GDELT (https://www.gdeltproject.org). The unit of analysis was cooperative/ conflict-
ual Goldstein scales (scales for simplicity) sent from one country to one of the other two in
each month®. There were three bilateral relations, each of which was composed of four di-
rectional behaviors, for example, UC,, UCr and CU,, CU; showed in Table 1. UC, and UCy
denoted the cooperative and conflictual behaviors sent from the USA to China, respectively,
and CU, and CUr meant the corresponding cooperative and conflictual behaviors sent from
China to the USA, respectively. Therefore, we constructed twelve variables for the three
dyads, whose denotation and descriptions are shown in Table 1. Further analysis about these
variables will be described in Section 3 by using the quantitative methods.

Table 1 Descriptions of the monthly time-series variables

Dyads Direction Variables Descriptions of variables

USA-CHN USA-CHN UC,, UC; Scales of cooperative/conflictual behavior from the USA toward China

dyad CHN-USA CU,, CU; Scales of cooperative/conflictual behavior from China toward the USA
USA-RUS USA-RUS UR,, UR; Scales of cooperative/conflictual behavior from the USA toward Russia
dyad RUS-USA RU,, RU;  Scales of cooperative/conflictual behavior from Russia toward the USA

RUS-CHN RUS-CHN RC,, RC;  Scales of cooperative/conflictual behavior from Russia toward China
dyad RUS-CHN CR,, CR; Scales of cooperative/conflictual behavior from China toward Russia

There are several advantages of using GDELT data. First, the time range of events in
GDELT spans from 1979 to the present and covers our research period. The temporal reso-
lution of events is daily and thus allows to be monthly-aggregated to capture interactions
between countries, but some bilateral data (e.g., United Nations Assembly votes) can only
provide annual data. Second, GDELT collects news data from extensive sources in more
than 65 languages from all over the world, and thus help to avoid the problem of selective
bias. For example, Ma et al. (2017) had demonstrated that reports on the same event from
different sources were consistent in judging the cooperative or conflictual levels. Third, the
conflict-cooperation scales of events in GDELT to the present interactions between coun-
tries/regions are in line with the facts (Li, 2015). Lastly, the GDELT data is directional (e.g.,
cooperative/conflict scales sent from country A to country B and those sent from country B

3 The positive scales represent cooperation, while the negative scales indicate conflict. Neutral events with a scale of
zero were excluded from our analysis.
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to country A), while some bilateral data (e.g., United Nations Assembly votes) cannot cap-
ture the direction of dyad countries’ behaviors. This characteristic of GDELT helps to ana-
lyze dyad countries’ interactions clearer. Based on the above, we consider that GDELT data
is appropriate for our study.

The reasons for adopting monthly-aggregated data as the unit of analysis are as follows.
Noise will be included in daily-aggregated or weekly-aggregated data (Yonamine, 2013) and
short-term interactions within one year might not be captured by annually-aggregated data
(Goldstein, 1991; Gonzalo et al., 2015). Therefore, monthly aggregated data are appropriate
for they can avoid the inclusion of too many previous lags in the VAR model, which leads to
the estimation inefficiency, and capture the long-term and short-term dynamics. Considering
the above, we select monthly-aggregated cooperation and conflict scales data.

2.3 Methods

The CCDF method has been introduced to estimate distributions and examine the differ-
ences in the degree of cooperative and conflictual behaviors between the USA and China
(Shen et al., 2019). It is given by: P(X = x) = Probability thatX = x . Here, we use the

CCDEF to estimate distributions and investigate the differences in the degree of cooperative
and conflictual behaviors between the three dyads. The CCDF method for three dyads was
implemented in Matlab 2017 software.

The VAR model is applied to analyze the interdependence of the cooperative and con-
flictual interactions between the three dyads. The VAR model was initially proposed by Sims
(1980) to explore the interactions among macro-economic variables and it was introduced to
study the interactions between countries (e.g. Goldstein, 1991; Kang and Reuveny, 2000;
Pang and Liu, 2019). We selected the VAR model for its flexible nature that does not require
any presumptions (or restrictions) on the direction of the causality between variables (Lu,
2001). In this analysis, the VAR model was a multi-equation model in which each country’s
recent prior behaviors directed at each other are included on the right-hand side of each
equation. Our VAR model included 12 equations for the three dyads in each period. The de-
pendent variable on the left of each equation is the cooperation/conflict flow sent from one
country to the other two, and the independent variables on the right were lagged-terms of six
cooperation flows and six conflict flows between the three dyads. To save space, only one
equation is given to illustrate the VAR model.

UC, = > MBuUC," + Y 1iBiiCUL " + Y I BisiUR, " + Y i BuaiRUY " +
Z iBisiRC, " + Z "1BisiCRY, " + Z £1ﬂ17[Uc}7i + Z ;n:lﬂISiCU}ii + (D
> ?1:1/3191'UR_?7[ +> B0 RUS + > 5":1ﬂ121iRC_7i +>. z"n:lﬂlzziCR_tf[ t oo + tie

where U, R and C denote the USA, Russia and China, respectively; p and f represent coop-
eration and conflict, respectively; UC, represent the cooperative behaviors sent from the
USA toward China at time ¢, and so forth; m is the number of lags of right-hand variables;
p’s are the coefficients; o and u are the constant term and error term, respectively.

Before performing the VAR model, it is necessary to explore the stationarity of
time-series variables. A commonly used method—the Augmented Dickey-Fuller (ADF) test
(Dickey and Fuller, 1979, 1981) was utilized. The results of the ADF test for all of the vari-
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ables of the first period (n = 117 months) and the second period (» = 183 months) were sta-
tionary at the 5% significance level. Second, once the stationarity of the variables was con-
firmed, the lag length in the VAR model was to be determined by criteria including the like-
lihood ratio test (LR), Akaike’s Final Prediction Error (FPE) criterion, Akaike’s Information
Criterion (AIC), Schwartz Information Criterion (SIC) and the Hannan-Quinn Information
Criterion (HQIC). These four criteria indicated that one lag was the optimal lag in both two
VAR models. Thus, we conducted the VAR models with one lag and employed the Autore-
gression (AR) root method to examine whether each estimated VAR model was stable. The
results of the AR root test showed that the inverse roots lay within the unit circles, indicating
that the two estimated VAR models satisfied the stability condition. Last, we performed the
Granger causality/Wald Test to examine the significance of the estimated coefficients (Kang
and Reuveny, 2001). If the coefficients on the one-lagged variables were significantly dif-
ferent from zero, this indicated Granger Causality running from one variable to another.

3 Results
3.1 The frequencies and intensities of the interactions

To understand the overall characteristics of the cooperative and conflictual interactions be-
tween the dyads of USA-China, USA-Russia and Russia-China, we briefly analyze the fre-
quencies and intensities of the cooperative and conflictual interactions as indicated by the
summed-up amounts and summed-up scales of events® between the three dyads. The total
numbers and scales of cooperation and conflict between the three dyads are displayed in
Figure 1.

In the period from 1992.01 to 2001.09, as shown in Figures 1a and 1b, it can be seen that
the amounts and absolute values of scales of cooperation and conflict between the USA and
Russia were both highest, followed by the those between the USA and China, while those
between Russia and China were the least in the three dyads. However, the frequencies and
intensities of the interactions between the USA and China, as indicated by the numbers and
absolute scales in 2001.10-2016.12 displayed in Figures 1c and 1d, slightly exceeded those
between the USA and Russia to become dominant in the three dyad interactions. This result
indicated that China received more attention due to its growing strength, especially China’s
GDP went up from the 6th in 2001 to the 2nd in 2016 in the world, and China’s ranking in
goods trade rose from the fourth-largest in 2001 to the second-largest country in 2016.

In both periods, despite prevailing cooperation, there were expanded conflict between the
three dyads, as indicated by that the total numbers and absolute scales of cooperation were
higher than those of conflict in two periods and the ratio of the conflictual interactions to the
cooperative interactions in three dyads in Figures 1b and 1d became larger than their corre-
sponding values in the first period in Figures 1a and 1c. However, the ratio in the dyad of
USA-Russia and USA-China were higher than those in the dyad of Russia-China, indicating
that conflict in the dyad of USA-Russia and USA-China were stronger than those between
Russia and China. In the dyad of USA-Russia in the second period, this ratio increased from

* The summed-up numbers and summed-up scales of events in a specific time period were used to represent the fre-
quency and intensity of the dyad interactions followed by the practice of Chen et al., (2019) and Chi and Hou (2019).
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33% to 59% and became the largest ratio, indicating that the conflictual interactions between
the USA and Russia intensified, this is mainly related to their geostrategic contradiction,
especially in Georgia, Syria and Ukraine, as shown by the troughs and spikes in September
2008, September 2013, March and April 2014 in Figure 2.
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Figure 1 Numbers and scales of cooperation and conflict between the three dyads in two periods
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Figure 2 Goldstein scales of conflict and cooperation between the USA and Russia in 2001.10-2016.12 period

3.2 Differences in the degree of cooperative and conflictual behaviors

This section will analyze the differences in the degree of cooperative and conflictual behav-
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iors between the three dyads using the CCDF technique. To reliably estimate the distribu-
tions of the event scales data with wide-range, we both took logarithm of the cooperative
scales and the absolute conflictual scales and then estimated their CCDF, according to the
practice in Gao and Hu (2014). The curves in Figures 3—5 display the complementary cu-
mulative distributions of cooperative scales and absolute conflictual scales between the three
dyads. The x-axis and y-axis denote the scales (ie., the logarithmized value of absolute
scales) and the probability that X=scales, respectively.

In the dyad of the USA-China (Figure 3), although the CCDF curves of cooperative scales
between the USA and China were similar in 1992.01-2001.09, it should be noted that the
curve of cooperative scales sent from the USA to China was above that from China to the
USA in the range of 4 to 4.5 in Figure 3c. The similarity in 1992.01-2001.09 indicated that
they took similar policy strategies toward each other when dealing with cooperation, the
relative higher probability in 2001.10-2016.12 might be due to that the USA sought more
from China, while China sought relatively less from the USA along with the increasingly
extensive cooperation sent from the USA to China since 9/11 in 2001 (Li and Kong, 2010).
The similar probability of conflictual scales between the USA and China in two periods
suggested that they may take relative similar conflictual actions toward each other.
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Figure 3 The log-log plot of CCDF of the absolute cooperative and conflictual scales between the USA and
China
(Note: USA-CHN and CHN-USA mean the scales sent from the USA to China and those from China to the USA, respec-
tively.)

In the USA-Russia dyad (Figure 4), similar probability in their cooperative behaviors
between the USA and Russia was indicated by the approximately overlapping CCDF curves
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of cooperative scales shown in Figure 4a. At the same time, the difference was presented by
the higher cooperative scales from the USA to Russia than those from Russia to the USA in
the curves in the range of 4 to 5, as illustrated in Figure 4c. The conflictual behaviors of the
USA-Russia dyads changed markedly and showed complicated characteristics. For one thing,
the CCDF curves of conflictual scales from Russia to the USA were above the curve of the
USA to Russia in the range of 2.5 to 3.5 in Figure 3b, while those from the USA to Russia
were above in the range of 3.5 to 4.6 in Figure 3d. For another thing, the conflict sent from
the USA toward Russia had a slightly longer tail, while those sent from Russia to the USA
changed to have a longer tail, indicating that Russia changed to take a more unyielding atti-
tude when dealing with intense conflict.
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Figure 4 The log-log plot of CCDF of the absolute cooperative and conflictual scales between the USA and
Russia

(Note: USA-RUS and RUS-USA mean the scales sent from the USA to Russia and those from Russia to the USA, re-
spectively.)

In the dyad of Russia-China, the CCDF curves of cooperative scales were similar in Fig-
ures 5a and 5c, suggesting that a similar probability of cooperative behaviors of Russia and
China toward each other in both periods. While the CCDF curves of conflictual scales from
Russia to China were both higher than those from China to Russia in the ranges of 1.5 to 3
and 2 to 4 in Figures 5b and 5d, and had higher scales of conflict as illustrated by the long
tail in Figures 5b and 5d. Those differences indicated that the conflictual behaviors of sent
from Russia toward China were stronger than those from China toward Russia. Thus, it was
interesting to see that Russia had been consistently giving China a hard time when dealing
with conflict in both periods.
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Figure 5 The log-log plot of CCDF of the absolute cooperative and conflictual scales between Russia and China
(Note: RUS-CHN and CHN-RUS mean the scales sent from Russia to China and those from China to Russia, respec-
tively.)

3.3 Interdependence of cooperative and conflictual interactions

This section would examine and discuss the interdependence of cooperative and conflictual
interactions between the three dyads based on the results of VAR models. The significance
level of the coefficients of the VAR models listed in Tables 2—4 illustrates how different in-
ferences of the causality of the interactions. The notations of *** ** and * indicate that the
variables are significant at the statistical level of 5%, 10%, and 20%, respectively. According
to the suggestion of Moore (1995) and Kang and Reuveny (2001), we set the significance
level that 10% posits between 5% and 20%. Given the space limitations, the following anal-
ysis mainly focuses on the significant variables and summarizes the results.

From the significance level of the Granger/Wald test in Table 2, we observed that the co-
operation between the USA-China dyad changed from being Granger caused by the coop-
erative interactions between Russia-China dyad (see the significance level of 0.007 and
0.019 of RC,(-1), and 0.007 and 0.018 of CR,(—1) in the 2nd and 3rd columns) to be
Granger caused by the cooperation between USA-Russia dyad (see 0.052 and 0.033 of
UR,(-1), and 0.156 and 0.146 of RU,(-1) in the 6th and 7th columns), the conflict taken
from the USA toward China (see 0.027 and 0.031 of UC(-1) in the 6th and 7th columns), as
well as the conflict sent from Russia to China (see 0.127 and 0.055 of RC(-1) in the 6th and
7th column). Thus, we concluded that the cooperative interactions between the USA and
China were always Granger caused by Russian behaviors toward the other two countries.
The conflictual behaviors sent from the USA toward China were Granger caused by the co-
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operative and conflictual behaviors from itself to Russia in two periods (see 0.161 and 0.054
of UR,(-1), 0.146 and 0.083 of UR(-1) in the 4th and 8th columns). The conflictual behav-
iors sent from China to the USA were always Granger caused by the conflict sent from the
USA to Russia, as well as the reciprocal conflict sent from the USA to China. However, they
changed to become no longer Granger caused by the cooperation between Russia and China
(see the significance level of RC,(~1) and CR,(-1) in the 5th and last columns). The conflict
between the USA-China dyad indicated that the conflict sent from the USA to Russia always
affected the conflictual actions taken from the USA to China.

Table 2 The significance level of the Granger/Wald test of the USA-China dyad in both periods

1992.01-2001.09 period 2001.10-2016.12 period
Inj;ﬁz;ﬁe esnt Dependent variable Dependent variable
uc, Ccu, UG CUy uc, Ccu, UGy CUy
UC,(-1) - 0.038*** 0.091%** 0.159* - 0.767 0.681 0.615
CU,(-1) 0.649 - 0.090** 0.389 0.572 - 0.306 0.234
UR,(-1) 0.296 0.460 0.161* 0.543 0.052%* 0.033*** 0.054** 0.571
RU,(-1) 0.264 0.383 0.208 0.849 0.156* 0.146* 0.224 0.633
RC,(-1) 0.007*** 0.019%*** 0.328 0.024%** 0.444 0.342 0.503 0.619
CR,(-1) 0.007*** 0.018*** 0.382 0.018*** 0.432 0.331 0.319 0.646
UC(-1) 0.866 0.754 - 0.149* 0.027*** 0.031* - 0.010%***
CU(-1) 0.295 0.537 0.042%*** - 0.760 0.698 0.269 -
UR(-1) 0.143* 0.210 0.146* 0.012%** 0.833 0.836 0.083** 0.078**
RU(-1) 0.872 0.873 0.933 0.867 0.856 0.979 0.101* 0.550
RCA(-1) 0.223 0.485 0.357 0.880 0.127* 0.055%** 0.283 0.671
CR(-1) 0.473 0.561 0.496 0.669 0.557 0.253 0.829 0.731
R’ 0.726 0.713 0.558 0.570 0.892 0.897 0.912 0914
Adjusted R 0.694 0.680 0.506 0.519 0.884 0.890 0.905 0.908
F-statistic 22.741 21.320 10.826 11.356 115.926 122.708 145.113 149.057

Note: The variables were both transformed by natural log transformation before VAR model implementation. Because
of the zero value in the time-series of the conflictual variables with a negative value, one was added before taking the
absolute value, and the following log transformation was computed. Freeman ez al. (1989) confirmed that logarithm
transformations of the data preserve the causal relations. It should be noted that we logarithmized the absolute value of
the conflictual scales, and then made the value negative. The notations of ***, ** and * indicate that the variables were
significant at 5%, 10%, and 20%, respectively. The notation of “— denotes no value in that cell.

From the significance level of the USA-Russia dyad in Table 3, we observed that the co-
operation taken from the USA toward Russia was only Granger caused by those from Russia
toward the USA in 1992.01-2001.09 period (see 0.112 with the notation of * in the 2nd
column). In contrast, the cooperation taken from Russia toward the USA were only Granger
caused by the cooperation sent from China to Russia (see 0.166 with the notation of * in the
3rd column). However, the conflictual actions taken from the USA toward China and Russia
in 2001.10-2016.12 period both Granger caused the cooperation between the USA and Rus-
sia (see the significance level of 0.057 and 0.049 of UC(-1), as well as 0.123 and 0.159 of
UR/(-1) in the 6th and 7th columns). At the same time, it was interesting to see that the co-
operation sent from China to the USA changed to both Granger caused the cooperation be-
tween the USA and Russia (see the significance level of 0.055 and 0.032 of CUp(—1) in the



1714 Journal of Geographical Sciences

6th and 7th columns), indicating that China’s behaviors became to affect their both coopera-
tive actions toward each other. Turning to the conflict between the USA and Russia, we
found that none of the variables (including the only significant variable of RUp(-1) in the
5th column) was significant and Granger caused the conflictual behaviors from the USA
toward Russia in the second period, suggesting that the reciprocal actions taken from Russia
toward the USA did not help to predict the actions taken from the USA toward Russia when
faced with conflict. It was more difficult to predict the conflictual behaviors sent from the
USA toward Russia. However, the conflict sent from Russia toward the USA was always
Granger caused by the actions taken from the USA toward Russia (see the significance level
of 0.123 of UR,(-1) in the 5th column and 0.003 of UR(-1) in the last column). The conflict
between the USA and Russia was never Granger caused by China’s behaviors toward the
two countries in both periods (the variables related to China’s behaviors were not high-
lighted by the notations in the 4th and 5th and 8th and 9th columns). These results indicated
that China only played a limited role in their interactions between the USA and Russia.

Table 3 The significance level of the Granger/Wald test of the USA-Russia dyad in both periods

1992.01-2001.09 period 2001.10-2016.12 period

Inj;g;gi Zm Dependent variable Dependent variable

UR, RU, UR, RU, UR, RU, UR, RU;
UC,(-1) 0.759 0.642 0.431 0.190* 0.097 0.060** 0.678 0.720
CU,(-1) 0.842 0.719 0.568 0.273 0.055%* 0.032%*** 0.642 0.840
UR,(-1) - 0.579 0.304 0.123* - 0.827 0.762 0.900
RU,(-1) 0.112* - 0.163* 0.113* 0.856 - 0.805 0.766
RC,(-1) 0.518 0.388 0.504 0.753 0.930 0.862 0.887 0.916
CR,(-1) 0.250 0.166* 0.338 0.535 0.944 0.878 0.927 0.938
UC(-1) 0.832 0.770 0.656 0.919 0.057** 0.049%** 0.308 0.208
CU(-1) 0.651 0.387 0.796 0.878 0.937 0.720 0.460 0.644
UR(-1) 0.391 0.626 - 0.332 0.123* 0.159* - 0.003%**
RU(-1) 0.863 0.559 0.511 - 0.430 0.287 0.787 -
RC(-1) 0.969 0.958 0.723 0.585 0.416 0.470 0.346 0.675
CR(-1) 0.978 0.941 0.542 0.605 0.604 0.428 0.886 0.535
R? 0.553 0.540 0.597 0.604 0.869 0.869 0.880 0.849
Adjusted R? 0.501 0.486 0.550 0.558 0.860 0.860 0.872 0.839
F-statistic 10.628 10.075 12.707 13.093 93.769 93.501 103.572 79.374

Note: Same as the notes below Table 2.

In the dyad of Russia and China as shown in Table 4, Russia-China cooperation changed
from being both Granger caused by the conflict between the USA and China (see the sig-
nificance level of UC{(-1) and CU/(-1) in the 2nd and 3rd columns), and the conflict be-
tween Russia and China in 1991.01-2001.09 period (see the significance level of RC(-1)
and CR(-1) in the 2nd and 3rd columns), to being Granger caused by the cooperation and
conflict sent from the USA to Russia (see the figures with notations of UR,(—1) and UR(-1)
in the 6th and 7th columns), as well as the cooperation sent from Russia to the USA in
2001.10-2016.12 period (see the figures with notations of RU,(-1) in the 6th and 7th col-
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umns). The conflict between Russia and China was always Granger caused by the conflict
sent from the USA to Russia in both periods (see 0.131 and 0.048 of UR(-1) in the 4th and
5th columns, as well as 0.028 and 0.195 in the last two columns). Thus, the results illustrated
that the behaviors sent from the USA to the other two (especially the conflictual behaviors
from the USA to Russia) always Granger caused the cooperation and conflict between Rus-
sia-China dyad, suggesting that the actions taken from the USA toward Russia always
played an essential role in affecting the interactions between Russia and China.

Generally, there were three-quarters of the 12 cooperative variables (dependent variables),
which were Granger caused by conflictual variables, and 7 of 12 conflictual variables (de-
pendent variables), which were Granger caused by cooperative variables. This result sup-
ported our specification that incorporating the cooperative and conflictual variables into the
VAR models, and suggesting the interdependence between the cooperative behaviors and the
conflictual behaviors between the three dyads.

Table 4 The significance level of the Granger/Wald test of China-Russia dyad in both periods

1992.01-2001.09 period 2001.10-2016.12 period

In\(]i;};;r)lfe esnt Dependent variable Dependent variable

RC, CR, RC CR, RC, CR, RC, CR,
UC,(-1) 0.919 0.795 0.950 0.553 0.445 0.446 0.613 0.339
CU,(-1) 0.673 0.807 0.626 0.728 0.236 0.263 0.856 0.538
UR,(-1) 0.627 0.502 0.598 0.091 0.011%%* 0.011%** 0.312 0.172*
RU,(-1) 0.732 0.681 0.914 0.044*** 0.007*** 0.009*** 0.277 0.163*
RC,(-1) - 0.601 0.911 0.119* - 0.845 0.745 0.799
CR,(-1) 0.480 - 0.971 0.415 0.696 - 0.851 0.603
UC(-1) 0.006***  0.001*** 0973 0.608 0.514 0.661 0.581 0.777
CU(-1) 0.004*** 0.001*** 0.614 0.602 0.303 0.398 0.359 0.195*
UR(-1) 0.965 0.453 0.131* 0.048*** 0.062%* 0.153* 0.028*** 0.195*
RU(-1) 0.745 0.670 0.187* 0.905 0.566 0.833 0.181* 0.360
RC(-1) 0.000%**  0.000%** - 0.887 0.272 0.214 - 0.198*
CR(-1) 0.001%**  0.000%**  0.054%* - 0.184* 0.202 0.917 -
R’ 0.539 0.561 0.444 0.454 0.692 0.684 0.682 0.695
Adj. R? 0.485 0.509 0.379 0.391 0.670 0.662 0.659 0.673
F-statistic 10.024 10.947 6.845 7.145 31.616 30.524 30.180 32.109

Note: Same as the notes below Table 2.

4 Discussion and conclusions

This analysis used cooperative and conflictual scales of event data from GDELT and statis-
tical methods to quantitatively investigate the interactions between the USA, Russia and
China after the end of the Cold War. We analyzed the variations in the frequencies and in-
tensities of their cooperative and conflictual interactions, differences in the degree of their
cooperative and conflictual behaviors using the CCDF technique, as well as the interde-
pendence of their cooperative and conflictual behaviors using the VAR model between the
three dyads. Our results provided quantitative insights into the direct interactions between
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the three dyads and helps us to understand their interactions better in the post-Cold War pe-
riod. The results are as follows.

The frequencies and strengths of the USA-Russia interactions ranked first in the first pe-
riod, while the interactions between the USA-China became the dominant interactions in the
second period. The Russia-China interactions always occupied the third place. In the two
periods, cooperation prevailed in the three dyads, but the conflictual interactions in the dy-
ads of the USA-Russia and the USA-China were strong, especially the conflictual interac-
tions between the USA and Russia tended to more intense in the second period, mainly re-
lated to their strategic contradiction in Georgia, Ukraine and Syria.

The USA and China took similar cooperative actions toward each other suggested by a
similar pattern of CCDF curves in the first period, while the USA had a relatively higher
probability of sending cooperative behaviors to China due to the increasingly extensive co-
operation sent from the USA to China since 9/11 in 2001. The USA and China may take
similar actions toward each other in both periods when dealing with conflict, indicated by a
similar CCDF pattern of conflictual scales. The USA and Russia, as well as Russia and
China, both took similar cooperative behaviors toward each other, as indicated by the ap-
proximately overlapping CCDF curves of cooperative scales between the two dyads. How-
ever, there were differences in conflictual behaviors toward each other in the two dyads: the
conflictual behaviors in the USA-Russia dyads showed complicated characteristic, and Rus-
sia had been consistently giving China a hard time in both periods when dealing with con-
flict.

The VAR results suggested the interdependence between cooperative and the conflictual
behaviors in the three dyads, as shown that three-quarters of the 12 cooperative variables
(dependent variables) were Granger caused by conflictual variables, and 7 of 12 conflitual
variables (dependent variables) were Granger caused by cooperative variables. In the three
dyads, Russia’s behaviors toward the two countries always Granger caused their cooperative
interactions between the USA and China, and the conflict sent from the USA to Russia al-
ways Granger caused its conflictual behaviors to China. The VAR results indicated that
China played a limited role in the interactions of the USA-Russia for that the behaviors of
China only Granger caused the cooperation between the USA and Russia, but it had never
been the Granger cause of their conflictual interactions in both periods. These results quan-
titatively supported the asymmetrical interdependent interaction patterns between the USA
and China, the USA and Russia, as well as Russia and China.

The main objective of our analysis is to investigate the directly cooperative and conflict-
ual interactions between the three dyads from the time-series perspective since the end of the
Cold War. Therefore, as for understanding what factors affect the interactions between the
three dyads, we would briefly discuss the potential factors, including military strength, eco-
nomic strength, economic independence (especially trade independence), geopolitical factors
and others (Gladkyy, 2003; Qi, 2012). The military strength works as the safeguarded of
national security, the unbalanced military strength and strategic deployment affect their co-
operative and conflictual behaviors toward each other. Despite that the three countries all
have nuclear weapons, the USA is still the most powerful and deterrent country in military
strength and strategic deployment. Generally, the gap of economic strength between dyad
countries lessens, it is likely to occur power transfer and lead to bilateral conflict (Qi, 2012).
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The GDP ratio of the USA to China shrunk from 15.6 in 1992 to 1.63 in 2016. Thus, it was
likely to lead to conflict sent from the USA to China for the shrinking GDP gap and China’s
rising. The GDP ratio of Russia to China had gradually increased from 0.9 in 1992 to 9 in
2016. The GDP ratio of Russia to the USA slightly increased from 14.2 to 14.6 from 1992 to
2016. Although their GDP gap did not expand, the geopolitical conflicts between the USA
and Russia over the Middle East regions (especially in Iran, Syria) and Ukraine were intense
in recent years, both illustrated by Figure 2 and Liu (2017). The geopolitical factors affect-
ing the interactions between the USA-China dyad mainly lie in the contradictions over
DPRK and Taiwan, China, and those between Russia-China dyad focus on DPRK, respec-
tively. It is generally to believe that higher trade interdependence leads to promote bilateral
cooperation, and less trade interdependence tends to cause poor relations between the two
sides (Qi, 2012). However, the recent high tariffs on Chinese imports sent from the USA
illustrated that a considerable amount of trade deficit (-347 billion dollars in 2016) from
the USA to China would trigger conflict. Additionally, the difference in ideology (Qi, 2012)
and national leadership would also affect their cooperative and conflictual behaviors toward
each other.

Besides these results, we also would like to discuss how the GDELT event data is used in
quantifying the behaviors and interactions between countries and help to provide references
for researchers. In the existing studies, event data from GDELT to measure the interactions
between dyads is used in four ways: (1) temporally aggregated net scales of events (Li,
2015); (2) temporally aggregated averaged scales of events (Abb and Striiver, 2015; Pang
and Liu, 2019); (3) temporally ratio of cooperative scales to conflictual scales (Chi and Hou,
2019; Liu et al., 2019), and (4) separate temporally aggregated scales of events for coopera-
tion and conflict (Chen et al., 2019; Shen et al., 2019). Methods (1) and (2) give rise to
problems (Yonamine, 2013). For example, if the scale of cooperation between two countries
in one month is 8.3 and the score of conflict is —8.3, thus the net scale and the averaged scale
of this month are both zero; if there are no events in the next month, however, the net scale
and the averaged scale also both equal zero, despite disparities in interactions over the two
months. The ratio of cooperative scales to conflictual scales of method (3) can eliminate
substantial differences in the number of events in different years but cannot reflect the in-
tensity of the interactions in the given period. Method (4) is a more logical and appropriate
method than the other three. Hence, we chose this way to conduct our analysis. Our results
indicated mutual causality between the cooperative and the conflict behaviors. However, the
existing studies that used methods (1) and (2), i.e., the net scale or the averaged scale of
event data between dyad countries, could not find such interdependence between coopera-
tive and conflictual behaviors.

Some limitations are to be illustrated. How other countries affect the interactions between
the three countries from the international political network was not provided. In the future,
we will attempt to investigate other countries’ impacts on the three countries’ interactions
using the social network method. GDELT database also provides coordinate information (i.e.,
latitude and longitude) for events and thus make it possible to utilize methods of spatial
analysis to investigate the spatial distribution and dynamics of the different types of interac-
tions between the three countries, and identify “hot” locations with intense conflicts to en-
hance understanding about the spatial pattern of the geopolitical conflicts. GDELT data with
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coordinate information provides geographers with the potential to investigate questions re-
lated to geopolitics and political geography proposed by several domestic scholars (Du et al.,
2016; Ge et al., 2018; Liu et al., 2018; Song et al., 2018), for instance, investigating, evalu-
ating and even forecasting local or global geopolitical risks spatially. GDELT data deserves
further exploration to extend its application for geopolitics and political geography, as well
as other fields in geography.
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