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Economic integration is underway in East Asia and the Asia-Pacific region,

including the Association of Southeast Asian Nations (ASEAN) community-

building process, with the Comprehensive and Progressive Agreement for

Trans-Pacific Partnership (CPTPP) coming into effect in 2018 and the

Regional Comprehensive Economic Partnership (RCEP) in 2022. While these

Regional Trade Agreements (RTAs) have deepened multilateral relations, there

is an insufficient mechanism to quantify multilateral diplomacy within the

region. Therefore, this study analyzed the region from three perspectives:

countries that have contributed to diplomacy for intra-regional cooperation

(diplomatic ranking), the cohesiveness of countries in diplomatic stances

(diplomatic clusters), and the synchronization period of cooperative events

(diplomatic synchronization); and we quantified them by the ranking of

diplomatic centrality, blockmodeling of the signed network, and analytic

signal, respectively. For analysis, we used bilateral event data to create a

political distance network consisting of the original East Asia Summit (EAS)

member countries (ASEAN+6) and the United States for the period

1985–2020 and to define diplomatic centrality. Diplomatic ranking indicated

threemajor trends: 1985–1992, 1993–2011, and 2012–2020. Until 1992, Japan,

the ASEAN member states (AMS), and Australia ranked at the top, and from

1993 to 2011, Japan and China almost dominated the top. Since 2012, AMS have

joined Japan and China in the top ranks. Diplomatic clusters showed the

stances of Australia and New Zealand were closest. Throughout the

36 years, the stances of Japan and Republic of Korea were also closer,

followed by China, AMS, and the United States. Diplomatic synchronization

quantified the progress of regionalism in East Asia. Furthermore, diplomatic

rankings in synchronous periods revealed the difference between the

diplomatic positions of Japan and China in East Asia and illustrated that AMS

were at the center of multilateral diplomacy in the region in 2018–2019.
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1 Introduction

East Asia and the Asia-Pacific region are the most dynamic

regions in the world where multiple regional initiatives are multi-

layered [1]. The development of regionalism commenced at the

occasion of the end of the ColdWar at the beginning of the 1990s

and deepened the trend after the Asian financial crisis in the late

1990s [2]. In 1992, the Association of Southeast Asian Nations

(ASEAN), which had previously consisted of Brunei Darussalam,

Indonesia, Malaysia, the Philippines, Singapore, and Thailand,

declared the establishment of the ASEAN Free Trade Area

(AFTA) (Singapore Declaration) [3]. While starting to

promote economic integration among the six countries,

ASEAN admitted Vietnam in 1995, Lao People’s Democratic

Republic (PDR) and Myanmar in 1997, and Cambodia in 1999.

Subsequently, ASEAN declared to establish the ASEAN

Community at the ninth ASEAN Summit in 2003, signaling a

commitment to promoting economic integration in the East

Asian region. ASEAN has succeeded in concluding free trade

agreements (FTAs) with neighboring countries since the 2000s.

Further, East Asia and the Asia-Pacific region promoted the so-

called mega-regional trade agreements (mega-RTAs). One is the

Comprehensive and Progressive Agreement for Trans-Pacific

Partnership (CPTPP); the other is Regional Comprehensive

Economic Partnership (RCEP) agreement which entered into

force on 30 December 2018, and 1 January 2022, respectively.

Regionalism and regional integration have been broadly

studied in the field of international relations [4]. The research

trend has been firstly based on the economic and political

integration of the European countries [5], then the deepening

economic interdependence in the world [6], and shifted to the

development of preferential trade agreements, mainly after the

end of the Cold War [2, 7, 8]. In line with the studies, some

studies have an interest in dividing them into countries that are

considered to have been central (or leading) in their formation

and their neighbors, meaning which country is taking regional

leadership in East Asia and the Asia-Pacific region [1, 9–12].

While this approach is persuasive as an individual argument, it is

difficult to quantitatively answer to what extent the supposedly

central country (including multiple countries) was central and

whether it is truly considered more central than other countries.

In the literature, there are quantitative studies conducted by

applying network analysis methods to political science and

international relations [13, 14]. Some research has also been

conducted to clarify the economic dynamics of the world as a

whole from a micro perspective, based on the three factors of

people, goods, and money [15]. Those studies analyzed using

network science to quantitatively understand the complex

relationships among many factors. Some studies also sought

to quantitatively measure progress in regional economic

integration. Sada and Ikeda analyzed international value-

added networks created from international input-output tables

and showed that there has been more substantial economic

integration in the Pacific Rim than in Europe since the

2008–2009 Global Financial Crisis [16, 17]. This was the

result of regionalism in East Asia and the Asia-Pacific region

leading to economic integration, as well as the entry into force of

the mega-RTAs. However, while the trade data analysis revealed

the results of economic integration, the countries that

contributed to the development of economic integration were

not unclear. It requires an analysis of multilateral cooperation not

only from an economic perspective but also from a diplomatic

perspective.

Therefore, this study aimed to understand regional economic

integration by analyzing international cooperation based on

regional relationships. We constructed a network of

international relations from events that occurred bilaterally,

identifying periods of regional diplomatic relations and the

countries that contributed there.

This study made the following contributions. First, the

definition of diplomatic centrality has enabled quantitative

observation of diplomatic relations within the region. The

results revealed that Japan, China, and the ASEAN member

states (AMS) in particular contributed to multilateral diplomacy

in East Asia. Second, the correlation of diplomatic centrality

allowed us to cluster countries by their diplomatic stance within

the region. The results confirmed that the stances of New Zealand

and Australia are close, as well as Japan and Republic of Korea,

China, ASEAN, and the United States, in that order. Finally, the

extent of synchronization was calculated based on the phase of

diplomatic centrality to identify when diplomatic stances were

aligned in East Asia. The results showed that diplomatic stances

were most aligned in 2003, when some diplomatic events,

including the ninth ASEAN Summit, were held. Furthermore,

our study quantified the progress of regionalism by calculating

diplomatic synchronization.

The remainder of this paper is organized as follows. Section 2

describes the data and the methods of calculating diplomatic

centrality and synchronization, and clustering signed network.

Section 3 illustrates the results of diplomatic centrality,

clustering, and synchronization. Section 4 discusses the

limitations, implications, and applications of our research.

Finally, Section 5 presents conclusion.

2 Data and methods

We used event data to quantitatively analyze diplomatic

relations in three ways. Figure 1 shows the outline of the

international cooperation analysis. It is a quantitative analysis

of multilateral diplomacy based on international event data

compiled from reports on the Internet.

Unlike economic relations, diplomatic relations do not

involve objects to be traded, such as money or goods, and

thus cannot rely as directly on data as the economy. However,

the development of event data enabled quantitative analysis of
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diplomatic relations. By applying network science physics

methods to these data, we can reinforce our understanding of

multilateral diplomacy, which until now has been discussed

mainly qualitatively.

2.1 Event data

Databases for analyzing international relations have also

been developed. Several data sets have been collected through

automated classification of large amounts of text data (e.g. Global

Data on Events, Location, and Tone (GDELT) [18], Integrated

Crisis Early Warning System (ICEWS) [19], Armed Conflict

Location & Event Data Project (ACLED) [20], Militarized

Interstate Disputes (MID) [21], Virtual Research Associates

(VRA)). These data were used to forecast economy [22], to

estimate risks in investment [23], and to study peace [24],

protests [25], and economic relations [26–30].

We used GDELT which records daily events involving up to

two actors from 1979 to the present. Because it contains the

longest period of events of the above data sets and has the largest

number of events. In this study, we used the data with no missing

FIGURE 1
Outline of the international cooperation analysis.

TABLE 1 List of countries and the number of related events
1985–2020.

country Memberships Number of events

Brunei Darussalam ASEAN, APEC, CPTPP 330,771

Cambodia ASEAN 727,953

Indonesia ASEAN, APEC 1,866,973

Lao PDR ASEAN 268,595

Malaysia ASEAN, APEC, CPTPP 1,971,216

Myanmar ASEAN 844,573

Philippines ASEAN, APEC 2,447,143

Singapore ASEAN, APEC, CPTPP 1,069,453

Thailand ASEAN, APEC 1,481,022

Vietnam ASEAN, APEC, CPTPP 1,793,565

Australia ASEAN + 6, APEC, CPTPP 5,286,741

China ASEAN + 6, APEC 12,148,418

India ASEAN + 6 2,136,507

Japan ASEAN + 6, APEC, CPTPP 5,167,195

New Zealand ASEAN + 6, APEC, CPTPP 1,356,939

Republic of Korea ASEAN + 6, APEC 3,000,660

United States APEC, TPP 57,240,899
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country information for the two actors for the years

1985–2020 and selected events that involved 17 countries as

actors. The countries are ASEAN plus 6 countries and the

United States. Although the United States withdrew from the

TPP after signing, it was included in this study because it was

pursuing economic integration in the Asia-Pacific region

through TPP negotiations. Table 1 displays each country’s

number of events in GDELT.

Each daily event data includes the Goldstein scale that rates

cooperation-conflict at -10 to +10 for each type of event [31].

GDELT 1.0 used in this study records news reports in English,

and Conflict and Mediation Event Observations (CAMEO) is

used to classify its events [32]. Each event data in GDELT

contains information about its actors (up to two actors). We

used data that included two actors and where at least one of the

actors was in the country included in Table 1.

For the rationality of using GDELT for our study, we

confirmed the FTA negotiations-related events1 (hereafter,

FTA events) recorded in GDELT are consistent with the

events identified via the press releases by the Japanese

government. Table 2 shows the ratio of the number of

FTA events of the ASEAN+6 countries recorded in GDELT

in a given RCEP-related event (hereafter, RCEP event)

month2 identified via Japan’s Ministry of Foreign Affairs

(MOFA) website [33] to the average of the FTA events

over the year. We can expect that the ratio will take a

large value, typically more than one (the number of FTA

events in a given month is larger than the yearly average of

FTA events) if GDELT successfully detects RCEP events

identified via public information. As seen in the table,

almost all (26/30) the ratios of RCEP events were more

than one. Moreover, the ratios in the months when

important RCEP negotiations such as RCEP summits took

place were close to or significantly above two. Therefore,

using the chronology of the RCEP negotiations compiled by

the MOFA of Japan, we confirmed that FTA events were

recorded in a given month when RCEP negotiations took

place more than in usual months.

2.2 Political distance and diplomatic
centrality

2.2.1 Political distance network
We calculated political distance using the Goldstein scale for

events between the 10 AMS and the seven countries taken from

GDELT. We redefined the political distance in Hardwick et al.

[29] with a value greater than zero that can be used for network

analysis.

Let the political distance PM be 1 when the Goldstein scale is

0 or no events in a given monthM, and let it be a value that is less

than 1 when there are many cooperation events (i.e., the

Goldstein scale is positive) and greater than 1 when there are

many conflict events (i.e., the Goldstein scale is negative). Then

TABLE 2 List of RCEP-related meetings and ratios of a daily average of
the number of events in the month per daily average in the year in
GDELT. The calculation before the third RCEP Summit used the
“engage in negotiation” event and of/after the third RCEP Summit
used the “engage in negotiation” and “sign formal agreement”
events identified by CAMEO [32] as codes 46 and 57, respectively.
These 30 meetings were listed in the timeline summary by the
Ministry of Foreign Affairs of Japan [33].

RCEP-related meeting Date Event ratio

6th East Asia Summit 19/11/2011 1.44

20th ASEAN Summit 03/04/2012 1.20

5th Trilateral Summit (CJK) 13/05/2012 2.63

1st AEM Plus FTA Partners 30/08/2012 1.04

21st ASEAN Summit 20/11/2012 3.12

1st RCEP Ministerial 19/08/2013 2.29

2nd RCEP Ministerial 27/08/2014 1.94

1st RCEP Intersessional Ministerial 10/07/2015 0.85

3rd RCEP Ministerial 21/08/2015 1.06

27th ASEAN Summit 22/11/2015 1.66

4th RCEP Ministerial 05/08/2016 1.25

29th ASEAN Summit 08/09/2016 1.84

2nd RCEP Intersessional Ministerial 01/11/2016 2.23

3rd RCEP Intersessional Ministerial 22/05/2017 1.26

5th RCEP Ministerial 10/09/2017 0.58

31st ASEAN Summit/1st RCEP Summit 14/11/2017 3.40

4th RCEP Intersessional Ministerial 03/03/2018 0.58

5th RCEP Intersessional Ministerial 01/07/2018 0.42

6th RCEP Ministerial 21/08/2018 1.12

6th RCEP Intersessional Ministerial 10/10/2018 1.12

33rd ASEAN Summit/2nd RCEP Summit 14/11/2018 2.46

7th RCEP Intersessional Ministerial 01/03/2019 1.45

8th RCEP Intersessional Ministerial 01/08/2019 2.96

7th RCEP Ministerial 03/09/2019 1.37

9th RCEP Intersessional Ministerial 11/10/2019 1.68

35th ASEAN Summit/3rd RCEP Summit 04/11/2019 2.64

10th RCEP Intersessional Ministerial 22/06/2020 2.23

8th RCEP Ministerial 25/08/2020 1.15

11th RCEP Intersessional Ministerial 13/10/2020 1.52

37th ASEAN Summit/4th RCEP Summit 15/11/2020 1.53

1 FTA negotiations-related events include two kinds of the bilateral
events: One was “engaging in negotiation” event for all meetings;
the other was “signing formal agreement” event for the five
meetings of/after the third RCEP Summit.

2 GDELT possibly records one specific event as multiple events because
it regards the same event in two (or more) different date articles as two
(or more) different events. It is natural that there were several different
date articles regarding one RCEP event. Thus, we aggregate the events
by month.
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the political distance PijM between country i and country j in a

given monthM can be expressed as

PijM � 1 − ∑t∈MGijt

EiM + EjM − EijM
, (1)

where G and E are the Goldstein scale and the number of events,

respectively.

In this study, the 10 AMS were grouped into one node,

ASEAN-10, creating a network of eight nodes. Therefore,

extending Eq. 1, we defined the political distance between

ASEAN-10 and country i as follows

PiASEAN10M � 1 − ∑j∈ASEAN10∑t∈MGijt

EiM +∑j∈ASEAN10 EjM − EijM( ). (2)

We constructed a monthly political distance network, a

complete undirected graph, using the 6-month moving

average of the above political distance P(6ma) as weights. The

number of nodes is 8 for ASEAN-10 and the other seven

countries, and the number of links is 28. The number of

months was 426 months from April 1985 to September

2020 by taking a 6-month moving average.

As explained in Section 1 the number of AMS increased from

6 to 10 between 1995 and 1999. This study, however, analyzed the

current 10 AMS collectively as ASEAN-10 throughout the 36-

year period. One reason for grouping the 10 AMS together is the

small number of events from AMS included in GDELT,

especially before the 2000s. The second reason is to remove

the effects of disputes among them (e.g., the Cambodian-Thai

border dispute). If we create and analyze a political distance

network of 17 countries, the political distances with AMS would

account for about 60% (56.25% for AMS and 62.5% for other

countries) in the calculation of diplomatic centrality presented

next. In short, we emphasized the relations between AMS and

non-AMS than among AMS.

2.2.2 Diplomatic centrality
Diplomatic centrality is then defined using the average node

strength of the political distance network. Let a set of ASEAN-10

and all countries be S, then diplomatic centrality DiM of country i

in a monthM is

DiM � 1
N

∑
j∈S

P 6ma( )
ijM . (3)

The diplomatic centrality means the average of the political

distances for the ASEAN-10 and the seven countries, with the

smaller value being more cooperative and the larger value being

more conflictual.

Assuming that the better the diplomatic relations are within

the region, the smaller the diplomatic centrality, we used the

inverse ranking of the diplomatic centrality as the diplomatic

ranking. This ranking provides a relative indication of when and

which countries have contributed to regional diplomatic

relations.

2.3 Signed blockmodeling

Next, to determine how countries are divided by diplomatic

stance, we created a signed network based on correlations of

diplomatic centrality. Here, we assume that diplomatic stance

can be detected by changes in diplomatic centrality and that

countries that make the same change at the same time take the

same stance. To discover countries with the same diplomatic

stance, a network was created from positive and negative

correlations between countries, and the nodes were clustered.

We only gave + or − sign information to the links in the

signed network. In other words, the signed network was

constructed as an undirected and unweighted network. We

calculated the correlations of the diplomatic centrality between

ASEAN-10 and the seven countries, and if the correlations were

significant, the link of the sighed network is the sign of the

correlation coefficient. To make it a monthly network, the

correlation was first calculated for 6 months from April 1985,

and then the starting month was shifted by 1 month thereafter to

determine the sign for 426 months. When the p-value was less

than 0.01, we considered the correlation significant.

Then, we used blockmodeling to divide a signed network into

clusters. We followed Doreian and Mrvar’s blockmodeing

approach [34]. The clustering Ck into k clusters is determined

by minimizing the following function:

G Ck( ) � αN + 1 − α( )P, (4)

where N and P are the total number of negative links within

clusters and the total number of positive links between clusters,

respectively, and 0 ≤ α ≤ 1 is a trade-off parameter. When α is less

than 0.5, the function G(Ck) prioritizes reducing the number of

positive links among clusters; when α is greater than 0.5, it

prioritizes reducing the number of negative links within clusters.

In this study, we performed blockmodeling with k = 3. This is

because when k = 2, it is assumed that only two countries (e.g.,

Australia and New Zealand or Japan and Republic of Korea) are

frequently detected as clusters, and then another cluster is missed

when it exists.

2.4 Diplomatic synchronization

When a region experiences, for example, progress in

economic integration, events on economic cooperation are

reported according to the importance of the event. Then, the

diplomatic centrality within that region will be reduced in several

countries at the same time. In other words, the more

synchronized the diplomatic centrality is among countries
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within a region, the more internationally influential cooperation/

conflict events are considered to be occurring in that region.

Following this hypothesis, we compute the intra-regional

synchronization of diplomatic centrality in order to detect and

evaluate events that have developed/declined regional diplomatic

relations.

The analysis of synchronization phenomena has been applied

to economic phenomena outside the fields of engineering and

physics; Ikeda et al. [35, 36] demonstrated the Japanese business

cycle by calculating the synchronization of Indices of Industrial

Production. Following their method, we estimated the phases for

ASEAN-10 and seven other countries by analytic signal and

calculated the order parameter.

In computing the analytic signal of country j, we used xj(m =

1, 2, . . ., 425), which is the standardized log return of diplomatic

centrality Dj(m = 1, 2, . . ., 426). Then, phase θj(m) of diplomatic

centrality in country j is obtained by the analytic signal zj(m) and

Euler’s formula as

zj m( ) � xj m( ) + iyj m( ) � Aj m( )eiθj m( ), (5)

where i � ���−1√
and yj(m) = H[xj(m)], which is Hilbert transform

of xj(m). Here, yj(m) can be calculated through discrete Fourier

transform (DFT). First, we calculate x(m) = F[X(m)] as

xj m( ) � 1��
L

√ ∑
L−1

r�0
Xj r( ) cos

2πrm
L

+ i sin
2πrm
L

( ), (6)

where L is the length of x(m), 425. Then, we applied Hilbert

transform into Eq. 6 as

yj m( ) � H xj m( )[ ]

� 1��
L

√ ∑
L−1

r�0
Xj r( ) H cos

2πrm
L

[ ] + iH sin
2πrm
L

[ ]( ) (7)

� 1��
L

√ ∑
L−1

r�0
Xj r( ) sin

2πrm
L

− i cos
2πrm
L

( ). (8)

because H[sinωt] = − cosωt and H[cosωt] = sinωt.

Finally, we can obtain the order parameter for all countries

and ASEAN as

qS t( ) � 1
NS

∑
j�1∈S

eiθj t( ) � rS cos ϕS( ) + i sin ϕS( )( ), (9)

where 0 < rS < 1 and ϕS mean the extent of synchronization and

phase of S.

3 Results

3.1 Networks and diplomatic centrality

Initially, we charted a rank-size plot to identify network and

centrality features. Figures 2A,B show the left tail and right tail of

the political distance distribution for four periods of 36 years

divided by 9 years. The right tails change little, but the inclination

of the left tails is steeper in more recent years. In other words, the

difference in political distance between countries becomes

smaller. The distribution of diplomatic centrality by country

over the 36-year period results in Japan being the most central,

followed by China (Figures 2C,D). Those farthest from the center

are, in descending order, India, New Zealand, the United States,

and Australia. The inclination of the distribution for Republic of

Korea and China was more gradual than for the other countries.

In particular, Republic of Korea shows almost smaller diplomatic

centrality than ASEAN-10 in the left tail of Figure 2C and larger

than ASEAN-10 in Figure 2D. China and Republic of Korea are

characterized by a wider range of diplomatic centrality values

over 36 years than other countries.

Figure 3 illustrates that there were four notable bottoms of

the diplomatic centrality indexes from 1985 to 2020. The first

bottom was in October 2003, when the diplomatic centralities of

China, Japan, and Republic of Korea (CJK) bottomed at the same

time. Also, at this time, the diplomatic centralities declined for all

countries and regions except India. The ninth ASEAN Summit

and the seventh ASEAN+3 Summit were held the month. This is

followed by the second-lowest bottom of CJK’s diplomatic

centrality around 2007. The CJK summit took place at this

time. For the other countries, the United States is an

exceptional country in the meaning that its diplomatic

centrality also bottomed around 2007; Australia took even the

local maximum. The third-lowest bottom of diplomatic

centrality was China’s in October 1997. At this time, the

United States also bottomed, as Chinese President Jiang

Zemin was invited by American President William Clinton to

visit the United States and issued a China-US Joint Statement.

The fourth-bottom of diplomatic centrality was Japan’s in

November 1989. The first APEC meeting was held in

Canberra, Australia, in that month, which also marked the

bottom of Australia’s diplomatic centrality.

3.2 Diplomatic rankings

Diplomatic rankings in Figure 4 show three major trends:

1985–1992, 1993–2011, and 2012–2020 throughout the entire

period. Until 1992, Japan, ASEAN-10, and Australia were at the

top of the list. Japan was almost always ranked first, but Australia

was ranked first in 1987, and ASEAN-10 was frequently ranked

first from 1990 to 1993. From 1994 to 2011, Japan and China

occupied the top two or more positions, while the United States

position gradually declined. From 2012 onward, in addition to

Japan and China, ASEAN-10 was again in contention for the top

position. Republic of Korea and New Zealand were also affected

by these trends. Republic of Korea moved up from around

seventh place at the beginning of 1993 to a ranking between

third and fifth place. New Zealand followed the same trend as

ASEAN-10 and Australia, falling to seventh around 1993 and
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FIGURE 2
Rank-size plots. (A) and (B) are plots of bilateral political distance. (C) and (D) are plots of diplomatic centrality of each country. Rank of (B) and
(D) are ascending order of rank of (A) and (C), respectively.

FIGURE 3
Diplomatic centrality of ASEAN-10 and seven countries. The smaller the diplomatic centrality, themore cooperative the country is in diplomacy
among the 17 countries.
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FIGURE 4
Diplomatic rankings of ASEAN-10 and seven countries. (A) is colored in China, Japan, Republic of Korea, and the United States, (B) is colored on
ASEAN-10, Australia, New Zealand, India.

FIGURE 5
Monthly signed network. (A) is signs of links and (B) is the number of links/non-links by sign. If the percentage of links of “+” and “n.s.” in some
months is more than 1/2, the background color of the terms in (B) are orange and gray, respectively. The percentage of links of “-” is less than 1/2 for
all months.
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continuing until around 2014, but in recent years it has competed

with the United States and moved up in the rankings. It is also

clear from Figures 2, 3 that India consistently remained at the

bottom of the list.

3.3 Diplomatic clusters

The links between two countries in the monthly signed

network created from the diplomatic centrality correlations

are shown in Figure 5. Figure 5A shows the monthly sign of

each link, and Figure 5B shows the number of positively,

negatively, and not-significantly correlated links by month. It

indicates that there were many months in which more than half

of the links were not significant before 2001; however, after 2003,

links of positive correlation accounted for more than half of the

links, and the number of positive correlation links increased.

In dividing the signed network as shown in Figure 5 into

clusters, we examined the dependence of α on blockmodeling

(Figure 6). Figure 6 shows how many nodes comprise the largest,

second-largest, and third-largest clusters in heat maps A, B, and

C, respectively. As described in Section 2, the number of clusters

was set to 3, but in some cases, only one cluster was detected,

depending on α and month. In the periods that were orange in

Figure 5, there were often no multiple clusters. This is because, as

shown in Eq. 4, reducing α prioritizes reducing the number of

positive links between clusters, so that it is optimal not to split

into clusters when positive links are in the majority. Since there

tended to be more positive links than negative links over the 426-

month period, the number of clusters increased as α was

increased, and the size of the largest cluster (first cluster)

tended to be smaller. In particular, when α was less than 0.5,

the probability of the number of clusters being 1 increased in

somemonths (e.g., the first half of 2002 and 2007–2010). Figure 6

shows that the number of clusters can be one when α is less than

0.5, and Figure 6C shows that a third cluster can be detected

when α is greater than 0.5. Therefore, α = 0.75, which is greater

than 0.5, was used for blockmodeling.

Blockmodeling results in Figure 7 show that ASEAN-10 and

the seven countries were divided into two clusters in 55.6% of all

months, and 140 months out of 426 (32.9%) were divided into

three clusters, of which 75.7%, or 106 months, had a cluster size

of 1. There were also 49 months (11.5%) that were not divided

into clusters. By numbering clusters 1–3 from the largest cluster

to the third cluster, we can calculate the euclidean distance

between countries. The complete linkage method, one of the

methods of agglomerative hierarchical clustering, was used to

calculate a dendrogram of the proximity between countries based

on the cluster classification for the entire period. The closest pair

in distance was then Australia and New Zealand, followed by

Japan and Republic of Korea. Thereafter, China, ASEAN-10, and

the United States were in close proximity to Japan and Republic

FIGURE 6
Cluster sizes of signed blockmodeling by alpha. This figure shows the results of blockmodeling with alpha varying by 0.05 from α = 0.05 to
0.95 for each month. Each cell represents the size of the cluster in color, with (A) representing the largest cluster, (B) the second largest cluster, and
(C) the third largest cluster. If the second and third clusters do not exist, their size is zero.
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of Korea, in that order, followed by the pair of Australia and

New Zealand, and finally India.

3.4 Diplomatic synchronization

Finally, we present synchronization results. The diplomatic

centrality of each country is represented in the complex plane by

calculating the analytic signals of the diplomatic centrality in

each country, as shown in Figure 8. The order parameter is

calculated from the phases of these countries according to Eq. 9,

and Figure 9 shows the degree of synchronization as a time series.

Here, when the 6-monthmoving average is greater than 0.5, there

is synchronization between these countries and ASEAN-10, and

the period is shown in orange. It illustrates prior to 2002, seven

periods were synchronized, but the synchronous periods

averaged 6.125 months, while since late 2002, eight periods

have been synchronized for an average of 13.78 months. Of

the 273 months between April 1985 and December 2007,

27.4% were synchronized, while 62.1% of the 153 months

between January 2008 and September 2020 were synchronized.

The proportion of synchronous periods increased after the

longest synchronous period, from September 2002 to October

2004, and the subsequent 35-month asynchronous period that

FIGURE 7
Monthly results of signed blockmodeling. The cluster codes 1, 2, and 3mean the largest, second, and smallest cluster in themonth, respectively.
The left dendrogram was by the complete linkage method.

FIGURE 8
Complex planes of the analytic signals of diplomatic centrality in ASEAN-10 and seven countries.
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lasted until September 2007. Figure 10, a part of Figure 7, shows

diplomatic clusters in the 35-month asynchronous period.

Although there are small variations in clustering, the division

into two main groups, CJK and the United States and others,

suggests that this 35-month period is asynchronous.

Table 3 summarizes synchronous periods with average

ranks of ASEAN-10 and the countries. In the longest

synchronous period (No.4 in Table 3), Japan’s average

diplomatic rank is 1.04, indicating that it is leading

diplomatic relations in East Asia during this period. As

Figure 4 confirmed, this period included the year 2003,

which had the smallest diplomatic centrality of the

36 years. It was also the period in which Asia Bond Market

Initiative (ABMI) was established, the first Six-Party Talk, the

ninth ASEAN Summit, and the seventh ASEAN+3 Summit

were held. At the ninth ASEAN Summit, ASEAN declared to

establish ASEAN Community. Meanwhile, CJK issued the

Joint Declaration on the Promotion of Tripartite

Cooperation after the seventh ASEAN+3 Summit, and

ASEAN and Japan issued the ‘Tokyo Declaration’ which

mentioned the East Asia Community. Japan also had the

highest diplomatic ranking for the synchronous periods

No.2, 3, and 7–9. In period No.2, the AFTA, which was

declared at the 4th ASEAN Summit in January 1992, was

implemented in 1993, and the first APEC Summit was held in

the United States in November 1993. In period No.8, the first

FIGURE 9
Modulus of the order parameter of all countries. Orange-colored periods meant synchronous when the 6-month average of the order
parameter was over 0.5.

FIGURE 10
Diplomatic clusters in an asynchronous period from November 2004 to September 2007. The cluster codes 1, 2, and 3 mean the largest,
second, and smallest cluster of the month, respectively. The left dendrogram was by the complete linkage method.
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rounds of the negotiation on CJK FTA and the negotiation for

RCEP were held; TPP was concluded and signed in

period No.9.

China had the highest ranking for No.5, 6, and 10 periods.

The first CJK trilateral summit was held at the end of the

No.5 period. In addition, ASEAN-10 ranked the first in

diplomatic ranking over Japan and China for the No.1 and

No.11 synchronous periods. Overall, only Japan, China, and

ASEAN-10 were in the first position for 11 synchronous

periods.

4 Discussion

4.1 Characteristics and limitations of the
method

Section 2.1 insisted on the rationality of using GDELT for

the political event study. Still, we have to mention that our

analysis relied on press-reported event data, not an

assessment of actual foreign policy effects. Political

distances and diplomatic centrality were calculated based

solely on the granularity of media coverage,

i.e., information available to the general public. Diplomatic

centrality does not indicate the extent to which they were

central in the field of diplomacy, but rather the extent to

which they were actively engaged in, or reportedly engaged

in, diplomatic cooperation in the region.

As noted in Section 2.1, the data analyzed in this study

(GDELT 1.0) is based on information reported in English and

therefore has an English bias. In other words, Japan, which is

closer to the position of the West, may be classified as more

optimistic about events than China. In addition, the amount of

information available had changed significantly over the past

36 years (especially with the development of the Internet), so the

trends may be different before the early 2000s and after 2010.

We analyzed the political distance network of eight nodes,

including 17 countries, with the 10 AMS as one node. As

explained in Section 2.2, the reasons were the small number

of events in AMS and to remove the effects of disputes within

them. Consequently, we discounted their diversity though they

also uniquely concluded bilateral agreements without the

auspices of ASEAN (e.g. US-Singapore FTA). However, our

analysis included events of these agreements between an

ASEAN member state and a non-ASEAN state as events

between ASEAN-10 and the country. Any analysis that

includes political distances within AMS would need to gather

event information in the language of each country. In our case,

the paucity of event data on AMS was compensated for by

considering all member states as one entity.

Moreover, there are limitations in analyzing individual

measures for economic integration. While we cited RCEP and

TPP as specific examples of economic integration, GDELT

1.0 does not distinguish between these agreements. Figure 11

shows the evolution of the annual percentages of the four events

related to economic integration as classified by CAMEO, which is

the limit this study can identify. Analyzing RCEP and TPP

negotiation events separately is not possible in GDELT 1.0; it

is necessary to use texts and articles containing specific words

(i.e., RCEP and TPP) rather than data classified by CAMEO.

Therefore, this study analyzed all events converted to the

Goldstein scales without distinguishing between measures to

progress economic integration, and the scope of the study did

not include an analysis of each agreement or policy.

A major limitation of our study is the inability to elucidate

the political mechanisms of diplomatic phenomena. However, by

TABLE 3 Average ranks in synchronous periods longer than 6 months.

No. Synchronous period Average rank

start end months ASEAN10 JPN CHN AUS NZL KOR USA IND

1 February 1989 September 1989 8 1.45 2.82 3.73 2.27 4.91 7.00 5.82 8.00

2 December 1992 February 1994 15 2.13 1.47 3.80 4.60 6.53 3.40 6.07 8.00

3 December 2001 June 2002 7 3.43 1.29 1.71 5.57 7.00 3.57 5.43 8.00

4 September 2002 October 2004 26 4.88 1.08 2.27 6.12 6.88 2.65 4.12 8.00

5 October 2007 December 2008 15 3.60 1.80 1.20 5.00 7.27 3.53 5.87 7.73

6 February 2009 February 2010 13 3.77 1.69 1.31 5.92 7.00 3.38 4.92 8.00

7 September 2010 September 2011 13 3.38 1.46 1.85 4.92 7.00 3.54 5.85 8.00

8 June 2012 July 2013 14 2.36 1.57 2.07 4.00 7.00 5.00 6.00 8.00

9 December 2014 July 2016 20 3.15 1.40 1.85 4.65 6.75 3.95 6.25 8.00

10 May 2017 December 2017 8 2.50 2.50 1.00 4.00 6.25 5.00 6.75 8.00

11 September 2018 August 2019 12 1.42 2.17 2.42 4.92 6.83 4.33 6.08 7.83
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applying network science and physics methods to event data, our

study provided a quantitative approach to observing multilateral

relations. The analysis of complex relationships, such as

multilateral relationships, could be unintentionally arbitrary.

We augmented the findings of qualitative studies that answer

the Why with data-driven research. The next Subsection

discusses how the results of the diplomatic centrality analysis

are similar to the leading position in regional integration as

described in international relations theory, which has been

discussed so far by collecting answers to the Why and How.

4.2 Implications from the analysis

The results of the previous section showed the high

diplomatic ranking of Japan, China, and ASEAN-10 and the

potential for quantitative understanding of cooperative

multilateral diplomacy through the observation of diplomatic

synchronization. Therefore, this section discusses the results of

this study, citing previous studies and specific examples.

4.2.1 Diplomatic centralities of Japan,
China, and ASEAN

Our analysis quantitatively demonstrated that Japan’s

contribution to East Asian diplomatic relations was significant

over a period of 36 years. Japan has been overtaken by China in

GDP since 2010 and was about one-third of China’s GDP in

2020 [37], but still competes with China for first place in East

Asian diplomatic centrality. It is because Japan contributed to

developing the regional production networks [38, 39] and

promoted institutional building in Asia in the 21st Century [40].

On the one hand, China has been as influential in East Asia as

Japan, especially since 1997, when it repeatedly ranked first in the

diplomatic rankings. It is consistent with the growing Chinese

role together with other East Asian countries after the Asian

financial crisis in 1997 [41, 42]. On the other hand, other

countries in East Asia did not align much during the period

when China had the highest diplomatic ranking. For the

percentage of times it ranked first in the region, it lagged far

behind Japan in diplomatic ranking during the synchronous

period. This result may suggest that from a security

standpoint Japan can be aligned when its diplomatic rank is

high, but not with China.

ASEAN-10 had increased its diplomatic ranks from 1989 to

93 and after 2012; in addition, ASEAN-10 was the center of East

Asian diplomacy in two synchronous periods, tying with China in

the number of times, whereas in most periods it had a lower

diplomatic ranking than China. During the 1989–1993 period,

ASEAN was central to the development of APEC [43] and

declared the formation of the AFTA in 1992 [3]. 1993 was also

the year of the publication of the World Bank report that called the

rapid economic growth of East Asia between 1965 and 1990 the East

Asian Miracle [44]. The period after 2012, when ASEAN’s

diplomatic ranking rose, coincided with the period when the

establishment of the ASEAN Community [45] made East Asian

regional integration a reality and when ASEAN centrality drove the

negotiation and conclusion of RCEP [46, 47].

FIGURE 11
Annual event percentages of four types: (A) “make/host a visit,” (B) “engage in negotiation,” (C) “sign formal agreement,” and (D) “cooperate
economically.” The event types were identified by CAMEO.
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4.2.2 Synchronized cooperative
diplomacy

In the 36 years since 1985, East Asian diplomacy was most

synchronized in 2003. 2003 was a year of significant progress in

cooperation among ASEAN, ASEAN+3, and CJK. First, in May

2003, the ABMI was agreed upon at the ASEAN+3 Finance

Ministers Meeting, one of the important ongoing forums of the

ministerial level [48]. Efforts to foster the local bond market in

the Asian region in reflection of the Asian financial crisis

contributed to institutionalizing the ASEAN+3 framework and

bringing these countries together in a way that excluded the

United States [49]. Second, in August 2003, the Six-Party Talks

were held on the North Korean nuclear issue. At that time, China

assumed the chairmanship of the Six-Party Talks and fulfilled its

responsibility for the security of East Asia. China became the

second non-ASEAN member of the Treaty of Amity and

Cooperation in Southeast Asia (TAC) with India. Through the

ASEAN Regional Forum (ARF) and ASEAN+3, China seemed to

support the ASEAN-driven multilateral security community [50,

51]. In October, the ninth ASEAN Summit was held in Bali,

Indonesia, and the Declaration of ASEAN Concord II (Bali

Concord II) was issued, which called for the creation of an

ASEAN Community by 2020 [52]. It was a symbolic moment

that ASEAN promoted the integration itself and strengthened the

relationship with its external partners [53]. In December, the

Tokyo Declaration was issued at the ASEAN-Japan

Commemorative Summit Meeting [54], which called for

deepening cooperation in East Asia to create the East Asian

Community. Japan also declared its intention to negotiate

accession to the TAC at the meeting.

The recent trend toward regional economic partnerships

such as TPP and RCEP may be reflected in the lengthening of

the synchronous period. Interestingly, the trend began during the

Global Financial Crisis of 2008–2009. During the crisis, China

and other emerging countries increased their international

presence through international forums (such as the G20 and

BRICS summit, International Monetary Fund (IMF), and World

Bank) [55]. This is consistent with the ranking of China in

Table 3. During that period, the United States announced its

participation in the Trans-Pacific Strategic Economic

Partnership Agreement (TPSEP), the original agreement of

the TPP which is the piece of United States rebalancing to the

Asia-Pacific region [56], and the United States joined the TAC in

2009 and East Asia Summit (EAS) in 2011. In 2012, ASEAN

began negotiations for RCEP with original EAS member

countries (ASEAN+6), which has each bilateral FTA with

ASEAN. RCEP participating countries have agreed that RCEP

will affirm the principle of “ASEAN centrality” in Asian

regionalism [57]. The ASEAN-centered institutional building

has been promoted, such as the ASEAN Defense Ministers’

Meeting Plus in 2010, the Chiang Mai Initiative

Multilateralization (CMIM) and the establishment of the

ASEAN Plus Three Macroeconomic Research Office (AMRO)

in 2011, and the establishment of ASEAN Plus Three Emergency

Rice Reserve (APTERR) in 2011, in line with the ASEAN

Community Building.

As described above, the period during which our analysis

identified diplomatic synchronization was a period when

cooperative multilateral diplomacy was gaining momentum in

East Asia. Thus, the negotiations and formations of the ASEAN

Community, a manifestation of regionalism, may be observed as

a synchronous phenomenon of diplomatic centrality.

Furthermore, the years in which economic integration in the

Asia-Pacific region was more advanced than in Europe were

2010 and 2013–2014 [16], the years after 2008, when the

synchronization became more active. While economic

integration was more than in Europe because of the decline in

the extent of European economic integration after the crisis, the

Asia-Pacific region was steadily increasing its economic

integration. Earlier studies also pointed out that while Europe

faced serious problems such as the debt and euro crises, the

ASEAN and East Asian regions recovered more quickly than

Europe after the Global Financial Crisis and advanced economic

integration [45, 58]. While economic integration has deepened in

East Asia after the Global Financial Crisis, there has also been

competition between Japan and China in infrastructure

development in the region [59, 60]. The results of this study

supported that regionalism in East Asia has been evident,

especially since 2008.

4.3 Significance and applicability of the
study

We have shown that it is possible to analyze not only bilateral

relations by calculating political distances from event data, but also

multilateral international relations. Diplomatic centrality made it

possible to compare diplomatic cooperation stances in the region

over time or internationally. We showed that diplomatic clustering

divided countries into groups based on their time-series correlations

and that changes in the centrality can be viewed as an analytic signal

and the degree of synchronization can be calculated to capture

regional diplomatic movements.

GDELT and other event data are freely available, and anyone

can apply the methodology of this study to any combination of

countries such as APEC, European Union (EU), and North

American Free Trade Agreement (NAFTA) members. The

content of the data handled in this study was limited due to

the long period of time covered by the analysis, but if we focus on

more recent years, non-English languages will be included, and

we can analyze with less bias. We can also compare how we

perceive diplomacy in different reporting languages and media

by, for example, analyzing political distance and diplomatic

centrality in different languages and media.
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Finally, we discuss what our study can contribute. The ability

to quantitatively measure multilateral diplomatic relations is

helpful in reviewing diplomatic events that have occurred in

the region. Events that can be interpreted in multiple ways over

various histories occur daily, and it is difficult to understand even

bilateral relations alone without being biased toward one point of

view. Therefore, it is important to have an objective way to assess

the state of diplomatic relations. Having quantitatively stated

criteria allows us to begin the discussion from those criteria.

5 Conclusion

We created a political distance network consisting of the

ASEAN+6 and the United States for the period 1985–2020 using

GDELT, which classifies and records events around the world

from the news. We defined diplomatic centrality from the

network and analyzed it from three perspectives: rankings,

clustering, and synchronization.

Diplomatic rankings showed that Japan had contributed

significantly to East Asian multilateral diplomacy over the

entire period, China had contributed alongside Japan since

1997, and ASEAN-10 had contributed alongside Japan and

China in 1989–1993, from late 2011 to early 2014, and from

2016. Diplomatic clusters illustrated that the diplomatic stances

of New Zealand and Australia were closest in any period, and in

about 36 years, the diplomatic stances of CJK, ASEAN-10, and

the United States were close in that order. Diplomatic

synchronization quantified East Asian regionalism which has

appeared frequently since 2008. Negotiations and formations of

ASEAN Community and Mega-regional FTAs (e.g., TPP and

RCEP), a manifestation of regionalism, may be observed as a

synchronous phenomenon of diplomatic centrality.

The results of our analysis are consistent with various

previous studies and political facts, and demonstrate the

progress of East Asian economic integration in recent years.

Our research proposes a data-based method of analyzing

multilateral diplomacy by applying network science and

physics. It allows case studies to be augmented with

quantitative evidence, making complex international relations

more accessible to a wider audience.
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