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Abstract

Central Asia currently plays an important role on the global stage due to its geographical
position and the region has been receiving increased research attention. We conducted a
bibliometric analysis for the years 1900-2016 to evaluate differences in global research
on Central Asia before and after the collapse of the Union of Soviet Socialist Republics
(USSR), based on the Science Citation Index Expanded (SCIE) and Social Science Cita-
tion Index (SSCI) databases. This paper adopted a comparative analysis approach and
summarized publication outputs, subject categories, country productivity, collaborations,
title keywords and institution productivity on Central Asia before and after the collapse of
the USSR. We analyzed the relationship between global research outputs on Central Asia
and relevant impact factors, including the number of tourists, exports of fuel oil and gross
domestic product (GDP). Comparing results before and after the collapse of the USSR,
our bibliometric analysis revealed the following: (1) publications on Central Asia expe-
rienced a meteoric growth and publications in the SCIE played a dominant role after the
collapse of the USSR; (2) Geology, Environmental Sciences & Ecology and Paleontology
increased the most while Science & Technology—Other Topics, Geography and Anthro-
pology decreased dramatically; (3) research countries became increasingly diversified and
publications were produced by increasing numbers of international collaborations with a
diversification of major collaborators; (4) the focus of title keywords differed before and
after the collapse of the USSR; (5) institutions became more diversified and most of them
focused on natural sciences; (6) there were high correlations between publications on Cen-
tral Asia and the number of tourists, exports of fuel oil and GDP. These results reflect the
close relationship between scholarly outputs on Central Asia and relevant factors, including
the number of tourists, export of fuel oil and GDP. Increasing scholarly outputs on Central
Asia therefore had a positive impact on global Central Asia research.

Keywords Central Asia - Union of Soviet Socialist Republics (USSR) - Bibliometrics -
SCIE - SSCI
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Introduction

Central Asia (sometimes called Middle Asia) is the core region of the Asian continent that
stretches from the Caspian Sea to the west to China, and from Afghanistan in the south to
Russia in the north. Central Asia is defined by the Soviet Union and includes the following
four republics: Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan. After the collapse of the
Union of Soviet Socialist Republics (USSR) on 25 December 1991, leading to the countries’
independence, the leaders of the four former Soviet Central Asian Republics met in Tashkent,
Uzbekistan and declared that the definition of Central Asia should include Kazakhstan (Weeks
2004).

Since then, Central Asia became the generic term to cover five independent countries
(Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan) and this has become
the most common definition of Central Asia. Currently, Central Asia plays an important role
in the world due to its geographical position and it has been receiving increasing attention
(Hanks 2009). Research on Central Asia encompasses multiple fields, including natural and
societal sciences such as geology (Chlachula 2010), chemistry (Zhang et al. 2013), agricul-
ture (Devkota et al. 2013), water resources (Rahaman 2012), zoology (Terraube et al. 2010)
and history (Howard-Johnston 2013). Moreover, some research combines the physical sci-
ences with the humanities, such as studies of resource and environment regulations (Zakhirova
2013), environmental sciences and ecology (Alamanov and Mikkola 2011), and disease and
policy (Jolley et al. 2012). Since 2013, when the Chinese government implemented the “One
Belt One Road Initiative”, more people have been paying attention to Central Asia. So far,
however, there is little discussion about comparison and analysis of the global research on
Central Asia before and after the collapse of the USSR. In this paper, we conduct exhaustive
bibliometric analyses on Central Asia and discuss global research emphases in the variously
socio-economic context. Moreover, this paper attempts to reveal a close relationship between
scholarly outputs on Central Asia and relevant factors (incl. the number of tourist, export of
the fuel oil and GDP).

Bibliometrics is a set of effective tools that use quantitative analysis to depict research
trends in the scientific and technological literature in different fields (Hsieh et al. 2004; Chen
et al. 2005). Bibliometric methods emphasize statistical analyses and mostly use figures and
tables to describe basic patterns in research trends such as publication outputs, authors, coun-
tries and collaboration (Abramo et al. 2011; Wang et al. 2009).

In this study, we use bibliometric analysis to explore global research trends on Central
Asia before and after the collapse of the USSR using the Science Citation Index Expanded
(SCIE) and Social Science Citation Index (SSCI) databases from 1900 to 2016. In this paper,
we assess comparative research patterns from 1900 to 1991 and from 1992 to 2016 by analyz-
ing publication outputs, subject categories, country productivity, collaboration, title keywords
and institution outputs. We also analyze relationships between global Central Asia research
outputs and a number of impact factors, including the number of tourists, exports of fuel oil
and gross domestic product (GDP). Our analysis summarizes global research trends, reveals
underlying factors and identifies areas for further research.
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Materials and methods

We obtained data sources from the SCIE and SSCI in the Web of Science. The search
terms “Kirghiz*”, “Kyrgy*”, “Kirgiz*”, “Tajik*”, “Tadzhik*”, “Turkmen*”, “Turkman*”,
“Turkoman*”, “Turkomen*”, “Kazak*”, “Uzbek*”, “Central Asia” and ‘“Middle Asia”
were selected as search terms in the titles, abstracts and keywords of journal articles. We
searched for publications published between 1900 and 2016. Because the USSR collapsed
on 25 December 1991, the year 1992 was considered as the breaking point for comparative
analyses between the two time periods. We divided the research period into two stages: the
period 1900-1991 was defined as stage I and the period 1992-2016 was defined as stage II.

Publications originating from England, Scotland, Northern Ireland and Wales were con-
sidered to be from the United Kingdom (UK), while Hong Kong, Macau and Taiwan were
distinguished from mainland China due to differences in their political systems. Given that
we focused on the analysis and discussion for the differences of global research on Central
Asia before and after the USSR dissolution in this paper, we regard these Soviet Socialist
Republic (SSR) countries as the individual country/territory for the international produc-
tivity and collaboration analysis. The collaboration type of countries was determined by
the addresses of the authors. Title keyword analyses selected keywords and excluded empty
words like “the”, “of”’, “on” and etc. The title word analysis contained words that appeared
only in the title.

Results and discussion
Characteristics of research outputs

There were 2710 publications on Central Asia in stage I, with 1953 SCIE publications and
826 SSCI publications. Among the publications, 69 publications were in both the SCIE
and SSCI. There were 15,726 publications on Central Asia in stage II, with 13,072 SCIE
publications and 3911 SSCI publications, including 1257 publications that were in both the
SCIE and SSCI. Global research outputs of the SCIE and SSCI and Central Asia publica-
tions increased from 1900 to 2016, with more rapid growth in stage Il compared with stage
I (Fig. 1).

In stage I, publications did not increase until 1964. The average annual growth rate of
the total publications of the SCIE and SSCI reached 4.91% from 1964 to 1991, while it
was 3.80% from 1900 to 1963. From 1964 to 1991, the total publication growth rate for
research on Central Asia had an average annual growth rate of 6.73%, much faster than the
overall publication growth rate of the SCIE and SSCI (4.91%). The contributions of the
total publications on Central Asia mainly stemmed from publications in the SCIE, which
grew faster than the SSCI with average annual growth rates of 9.62% and 0.94% from 1964
to 1991, respectively.

Stage II (1992-2016) showed high growth rates for Central Asia research. Total pub-
lications on Central Asia had an average annual growth rate of 6.15%, much faster than
the growth rate of the total publications of the SCIE and SSCI (4.10%). The publication
growth curve of the SCIE for Central Asia is steeper (with a greater slope) than that of the
SSCI after the dissolution of the USSR. In addition, the trend of the growth curve of SCIE
is similar to that of the total publications on Central Asia. Our results indicate that research
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Fig. 1 Global research outputs of Science Citation Index Expanded (SCIE), Social Science Citation Index
(SSCI) and publications on Central Asia in 1900-2016

trends in the sciences had a steady-state growth in recent years based on the large number
of previous studies. In addition, the SCIE played a dominant role in research on Central
Asia.

Subject categories

In stage I, publications on Central Asia covered 94 subject categories in the Web of Sci-
ence. The six most significant categories in the study of Central Asia in terms of publica-
tion numbers and percent representation were Science & Technology—Other Topics (585
publications, 18.51% of the total), Geography (241, 7.63%), Geochemistry & Geophys-
ics (223, 7.06%), Geology (182, 5.76%), Zoology (178, 5.63%) and Anthropology (154,
4.87%). Each of these six categories had at least 100 publications. The annual publication
outputs of these six subject categories showed robust growth from 1900 to 1991 and these
top six subject categories comprised 49.46% of all publications in this period.

In stage II, we identified 145 subject categories referring to Central Asian research in
the Web of Science. The six most significant categories in the study of Central Asia in
terms of publication numbers and percent representation were Geology (2553 publications,
11.19% of the total), Environmental Sciences & Ecology (1232, 5.40%), Geochemistry &
Geophysics (1195, 5.24%), Government & Law (813, 3.57%), Paleontology (809, 3.55%)
and Zoology (804, 3.53%). Each of these six categories had at least 800 publications. The
growth rate of annual publications within these six subject categories increased in stage II.
Publications belonging to these six categories comprised 32.48% of all publications during
this period. The proportion of Geology and Environmental Sciences & Ecology publica-
tions increased from 5.76 and 1.30%, respectively, in stage I, to 11.19% and 5.40%, respec-
tively, in stage II.

Comparing the subject category analyses in stage II with stage I reveals some strik-
ing differences (Table 1). First, Geology, Environmental Sciences & Ecology, Paleontology
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Table 1 The top 20 most productive subject categories in the study of Central Asia in 1900-2016

R 1900-1991 19922016
SC TP (%) SC TP (%)
1 Science & Technology—other 585 (18.51) Geology 2553 (11.19)
topics

2 Geography 241 (7.63)  Environmental Sciences & Ecology 1232 (5.40)

3 Geochemistry & Geophysics 223 (7.06)  Geochemistry & Geophysics 1195 (5.24)

4 Geology 182 (5.76)  Government & Law 813 (3.57)

5 Zoology 178 (5.63)  Palaeontology 809 (3.55)

6 Anthropology 154 (4.87)  Zoology 804 (3.53)

7  Area Studies 93 (2.94) Business & Economics 768 (3.37)

8  Agriculture 86 (2.72)  Area Studies 638 (2.80)

9  Government & Law 79 (2.50)  Physical Geography 609 (2.67)

10 Engineering 74 (2.34)  Plant Sciences 601 (2.64)

11 Genetics & Heredity 69 (2.18)  Agriculture 572 (2.51)

12 Business & Economics 64 (2.02) Engineering 524 (2.30)

13 Parasitology 58 (1.84)  Public, Environmental & Occupa- 488 (2.14)
tional Health

14 Chemistry 55(1.74)  Science & Technology—other 477 (2.09)
topics

15 History 52 (1.65) International Relations 465 (2.04)

16 Infectious Diseases 51 (1.61)  Genetics & Heredity 433 (1.90)

17 Palaeontology 48 (1.51)  Meteorology & Atmospheric Sci- 396 (1.74)
ences

18 General & Internal Medicine 44 (1.39)  Anthropology 390 (1.71)

19 Environmental Sciences & Ecology 41 (1.30)  Mineralogy 384 (1.68)

20 Entomology 35(1.11)  Water Resources 371 (1.63)

SC subject categories, TP total publications, R rank

and Business & Economics had the highest increases compared with stage I and these
subjects ranked in the top seven categories in stage II. Second, Science & Technology—
Other Topics, Geography and Anthropology, which were in the top six ranking in stage I,
decreased in rank and were respectively ranked 14, 27 and 18 in stage II. Finally, the sub-
ject categories of Parasitology, Chemistry, History, Infectious Diseases, General & Internal
Medicine and Entomology ranked in the top 20 in stage I but were not in the top 20 subject
categories in stage II. Public, Environmental & Occupational Health, International Rela-
tions, Meteorology & Atmospheric Sciences, Mineralogy and Water Resources ranked in
the top 20 in stage II but were not in the top 20 in stage I.

Country productivity and collaborations

We extracted the author affiliations of each country/territory and plotted a global geograph-
ical distribution map of publications (Fig. 2). The map clearly indicates the difference of
distribution of publications in global research on Central Asia before and after USSR col-
lapse. The distribution of authors and countries greatly increased in stage I compared with
stage I.
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Fig.2 Global geographic distribution of publications on Central Asia

Table 2 shows the top 20 most productive countries in the study of Central Asia in stage
L. It can be found that the USSR (880 publications), the United States of America (USA;
222), the Kazakh Soviet Socialist Republic (KASSR; 112), the Uzbek Soviet Socialist
Republic (UZSSR; 76) and the Tajik Soviet Socialist Republic (TASSR; 72) were the five
most productive countries. There were 1459 (86.03%) single-country publications, but only
237 of the 1696 publications (13.97%) that had country information involved international
collaborations. Additionally, the collaboration network of the countries/territory in stage I
was visualized in Fig. 3. The sizes of the nodes symbolize the amount of articles of each
country, and the strength of collaboration can be represented by the thickness of intercon-
necting lines. As can be seen, the USSR took a core position in the collaboration network
in stage I. It was identified as the principal collaborator with the main productive countries,
such as USA, KASSR, UZSSR, TASSR and Kirghiz Soviet Socialist Republic (KISSR) on
Central Asian research.

The top five countries listed based on total publications in stage II differed from those
in stage I (Table 3). The productivity rank of countries was led by the USA with 3488
articles. Russia took second place in publication output (3155 publications), followed by
China (2337), Germany (1629), and Kazakhstan (1566). Of the publications in stage II,
8822 (36.31%) were single-country publications and 15,471 (63.93%) were internationally
co-authored articles. As shown in Fig. 4, collaborations among the productive countries
were frequent in stage II. According to the node sizes, thickness and density of the link
lines, we can identify that there are much more countries, such as the USA, Russia, China,
Germany and Kazakhstan took part in international cooperation. The USA and Russia took
the central position in the collaboration network with other productive countries.

When comparing country productivity and collaboration in stage II and stage I, we
found that research countries became increasingly diversified. Within the 20 most produc-
tive countries in stage II, ten countries were from Europe, seven from Asia, two from North
America, and one from Oceania. The eight major industrial countries (the G8: the USA,
the UK, Germany, Canada, France, Italy, Japan and Russia) were all included in the top 20
most productive countries, while countries from the former USSR held the largest propor-
tion of publications in stage I.

@ Springer



Scientometrics (2019) 119:909-930 915

Table 2 The top 20 most productive countries in the study of Central Asia in 1900-1991

Countries TP R (%) Single country International collaboration

SP % Cp % MC (P)
USSR 880 1(51.89) 801 91.02 79 8.98 USA 20
USA 222 2 (13.09) 187 84.23 35 15.77 USSR 20
KASSR 112 3 (6.60) 101 90.18 11 9.82 USSR 11
UZSSR 76 4 (4.48) 63 82.89 13 17.11 USSR 12
TASSR 72 5(4.25) 58 80.56 14 19.44 USSR 11
KISSR 49 6(2.89) 37 75.51 12 24.49 USSR 10
UK 49 7 (2.89) 41 83.67 8 16.33 China 6
TUSSR 29 8(1.71) 17 58.62 12 41.38 USSR 9
Czechoslovakia 27 9 (1.59) 22 81.48 5 18.52 USSR 3
Canada 24 10 (1.42) 21 87.50 3 12.50 USA 2
UKSSR 24 11 (1.42) 21 87.50 3 12.50 USSR 2
France 21 12 (1.24) 11 52.38 10 47.62 USA 4
China 13 13 (0.77) 2 15.38 11 84.62 UK 6
FED REP GER 11 14 (0.65) 11 100 0 0.00 NA NA
Japan 8 15 (0.47) 6 75 2 25.00 USSR 2
Norway 8 16 (0.47) 6 75 2 25.00 USA 2
GER DEM REP 6 17 (0.35) 5 83.33 1 16.67 France 1
India 6 18 (0.35) 6 100 0 0.00 NA NA
Germany 5 19 (0.29) 2 40 3 60.00 USSR 3
Israel 4 20 (0.24) 4 100 0 0.00 NA NA

TP total publications, SP single-country publications, CP publications with international collaborations,
MC (P) major collaborator (i.e. the number of articles between two countries that were collaborated on),
USA United States of America, UK United Kingdom, USSR Union of Soviet Socialist Republics, KASSR
Kazakh Soviet Socialist Republic, UZSSR Uzbek Soviet Socialist Republic, TASSR Tajik Soviet Socialist
Republic, KISSR Kirghiz Soviet Socialist Republic, TUSSR Turkmen Soviet Socialist Republic, UKSSR
Ukrainian Soviet Socialist Republic, FED REP GER Federal Republic of Germany, GER DEM REP Ger-
many Democratic Republic

Internationally co-authored publications increased from 13.97% in stage I to 63.69%
in stage II. In stage I, researchers were more inclined to produce single-country publica-
tions. This may be explained by a number of underlying factors, including the East—West
Cold War. Before the disintegration of the Soviet Union, the United States and the Soviet
Union were the two superpowers in the world. To contend for world hegemony, these two
countries and their allies struggled for several decades. At the same time, the Soviet Union
tightened its diplomatic policy with some countries, influencing scientific research (Costa
2018). Additionally, due to the single pattern of economic development and low level of
informatization, the international cooperation activities were less frequent in that time
under this general background. Collaborators diversified in stage II, while almost all col-
laborations occurred within the former Soviet Union and the USA in stage I (Figs. 3 and 4).
This distinguished variation on the internationally co-authored research can be explained
by the following reasons. In the past several decades, with the development and accelera-
tion of economic globalization, the technology globalization was becoming a significant
form of economic globalization. The globalization of scientific activities impelled the
development of international scientific communication and created a lot of opportunities

@ Springer



916 Scientometrics (2019) 119:909-930

GESSR

Czechaoslovakia
|

Portugal

Austria

MONGOI£PEO REP

Canada
Denmark
France Notway \
GER DEM REP China
Th?,iland Australia UK

/
/
/

/ N
Switzgrland Ity
Zaire Pakistan

Fig. 3 Collaboration network of the productive countries/territories in 1900-1991

for collaboration in scientific research among the countries (Choi 2011; Zhuang et al.
2015). Based on this background, the diversification of Central Asia research collabora-
tion during 1992 to 2016 was accordant to the international situation, and the international
cooperation was expanding correspondingly. In addition, the geographical advantages of
Central Asia were beginning to be valued, more and more countries were interested in the
research on Central Asia and the international cooperation was enhanced as well. Further-
more, since Central Asian countries gained independence respectively after the collapse of
the Soviet Union, the governments rolled out a couple of new diplomatic strategies to pro-
mote cooperation with other countries, which might stimulate more scientific cooperation.

Title keywords

As keywords and keywords plus rarely appeared before 1991, we used title words in pub-
lications on Central Asia in the SCIE and SSCI for our keyword analysis. Central Asia can
be analyzed from the two perspectives of the physical sciences and social sciences, which
can help us understand publication themes and grasp the general direction of the study of
Central Asia (Fig. 5).

We found several differences when comparing the subject title keyword analyses for
SCIE in stage II with those in stage I. First, countries of concern to the USSR and SSR
in stage [ became China and the five Central Asian countries. They were at the top of the
ranking in stage II. The most popular research topics in Central Asian countries and China
focused on subjects related to geology, geochemistry, geophysics, paleontology, environ-
mental sciences, ecology and physical geography, such as the study of accretionary oro-
genesis, the North China Craton, paleobiogeography, and environmental and climatic
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Table 3 The top 20 most productive countries in the study of Central Asia in 1992-2016

Countries TP R (%) Single country International collaboration
SP % CP % MC (P)

USA 3488 1(14.36) 1593 45.67 1895 54.33 China 409
Russia 3155 2(12.99) 1557 49.35 1598 50.65 USA 387
China 2337 3(9.62) 1203 51.48 1134 48.52 USA 409
Germany 1629 4(6.71) 518 31.80 1111 68.20 Russia 241
Kazakhstan 1566 5(6.45) 601 38.38 965 61.62 Russia 270
UK 1564 6 (6.44) 578 36.96 986 63.04 USA 224
Uzbekistan 795 7(3.27) 281 35.35 514 64.65 Germany 129
France 783 8(3.22) 167 21.33 616 78.67 Russia 132
Japan 581 9(2.39) 171 29.43 410 70.57 China 94
Kyrgyzstan 539 10 (2.22) 111 20.59 428 79.41 Russia 118
Canada 452 11 (1.86) 135 29.87 317 70.13 USA 93
Switzerland 451 12 (1.86) 81 17.96 370 82.04 Germany 88
Australia 439 13 (1.81) 124 28.25 315 71.75 China 99
Italy 407 14 (1.68) 109 26.78 298 73.22 USA 75
Turkey 375 15 (1.54) 205 54.67 170 45.33 Kazakhstan 34
Netherlands 326 16 (1.34) 61 18.71 265 81.29 Germany 63
Iran 291 17 (1.20) 142 48.80 149 51.20 USA 42
Sweden 284 18 (1.17) 47 16.55 237 83.45 UK 62
Spain 275 19 (1.13) 75 27.27 200 72.73 Russia 42
Poland 245 20 (1.01) 96 39.18 149 60.82 Russia 58

TP total publications, SP single-country publications, CP publications with international collaborations,
MC (P): major collaborator (i.e. the number of articles between two countries that were collaborated on);
USA United States of America, UK United Kingdom

SouthgAfrica
Austria -
Hong Kong Sweden egmark
Tenag Netheriands Einland
Australia %
MongolPeo Rep France _Sg?aln Nopway
China AN
South'Korea QK\“ g nyB i
Canada USA Russia = elgium
S L SwitZertand Paland
Japan  Kazakhstan:
India Uzbekistan "'Ky;QVZSten CzechiRepublic
/ ey Ukraine
Iran
v Tajikistan Hungary
Turkmenistan
Pakistan Grabee |gpder
Turkey

Fig.4 Collaboration network of the productive countries/territories in 1992-2016

changes (Xiao et al. 2008; Zhang 2012; Li et al. 2014; An et al. 2012). These five subjects
accounted for~30% of publications on Central Asia in stage II.

The ranking order of orientation nouns in stage I (i.e. “southern”, “western”, “north-
ern”, and “eastern”) changed to “northern”, “eastern”, “western”, and “southern” in stage

II. The regional orientation of the research of Central Asia shifted from the southwest to

@ Springer



918

Scientometrics (2019) 119:909-930

A beliefs
Khorezm

southern

rule Pre-Islamic Turkmenia

Uzbekistan

ancient

population

study Russian history

Turks Chinese

Kazakhstan :
Central Asia

German

language

SSR

development el

scientific el

peoples

seismic
zone

earthquake 2

geochemistry

USSR

eastern

western
centur
. southern

expeditio
development
Uzbekistan

conference

Kazakfistah ™"

diptera

feature

middle
rock

Central Asia
a

faun:
tera
genus

sediment
continental
n

orthern
study

speeies—_famiy

Tajikistan

coleoptera

structure

Kirghiz
Afghanistan

c ™ D
Ecopomic
Tajikistan
social
state
change

ent

analysis
Russia e

politics

Central Asia
Post-Soviet

ontey sostem _evidence
health ", 5%

wolicy

Kazakhstan

Kyrgyzstan
Uzbekistan

natiopal

international

study transition

Asian

countries

former

Fig.5 Mappings of title keywords from the Science Citation Index Expanded (SCIE) and Social Science
Citation Index (SSCI) for Central Asia. a Co-keyword mapping of the SSCI for Central Asia in 1900-1991.
b Co-keyword mapping of the SCIE for Central Asia in 1900-1991. ¢ Co-keyword mapping of the SSCI for
Central Asia in 1992-2016. d Co-keyword mapping of the SCIE for Central Asia in 1992-2016

the northeast. Obviously, the topic of “northern” has a relationship with northern Kazakh-
stan, Tien Shan and the Xinjiang province of China with respect to geology and mineral-
ogy (Selyatitskii et al. 2012; Orozbaev et al. 2011). The eastern area has a relationship with
eastern Europe, Tien Shan and the eastern Qinghai-Tibetan Plateau with respect to geol-
ogy, geochemistry, geophysics and immunology (Wilson et al. 2012; Li et al. 2011; Fer-
rat et al. 2012). Some new terms, such as “implication”, “basin”, “genetic”, “evolution”,
“water”, “population”, “Tien Shan”, and “climate”, emerged in stage II compared with the
title keywords in stage I. Especially, “water” had drew a lot of attention in the studies and
the two biggest research areas were water resources (e.g. water security; Jalilov et al. 2013)
and environmental sciences (e.g. seasonal variations in water isotopes; Kong et al. 2014).
By comparing title words for SSCI in stage II with those in stage I, many differ-
ences can be noticed. First, countries or people of concern in stage I, such as “Soviet”,
“Russian”, “German”, “Turks”, “SSR”, “Chinese”, “Kazakhstan”, “Uzbekistan”, “Kir-
ghiz” and “Afghanistan”, reduced in frequency, with only ‘“Post-Soviet”, “Soviet”,
“Russia(n)”, “Kazakhstan” and “Uzbekistan” remaining in stage II. Second, the four big
themes of “health”, “economic”, “politics” and “security” drew the public’s attention
and some problems involved the combination of multiple themes (Peyrouse and Laruelle
2015; Johnson 2014). Researchers focused on “transition”, “international”, “social” and
“eastern” in stage II. “Transition” was most concerned with transitional economies in
international relations (Hidi 2012). In terms of “international”, the research paid more
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attention to foreign policy in international relationships, health and disease prevention
policies and security policies (Gould-Davies 2014; Ancker and Rechel 2013; Omeli-
cheva 2009). “Social” problems related to health or a combination of health with envi-
ronmental and economic issues (Wagstaff and Moreno-Serra 2009). In terms of “east-
ern”, the direction mainly involved the eastern portion of the Xinjiang province of
China and the eastern portion of the Tibetan Plateau and relevant studies focused on the
environment and geology (Wang et al. 2015).

Institution outputs and directions

Tables 4 and 5 show the top 20 most productive institutions and their most popular
research fields in the study of Central Asia in stages I and II. In stage I, almost all of the
top 20 most productive institutions came from the USSR and two institutions came from
other locations (the Czech Republic and the USA). All other institutions belonged to the
former Soviet Union. This result illustrates that before the collapse of the USSR, other
countries showed little attention to Central Asian research, while a majority of institu-
tions stemmed from the Soviet Union. In stage II, the former Soviet Union members
only comprised one-fourth of the top 20 most productive institutions. The remaining
three-fourths were located in China, the USA and Europe. China therefore paid close
attention to Central Asian studies and Central Asia received much more research atten-
tion from the rest of the world.

Although the research areas of the top 20 institutions in stage II were more diverse
than those in stage I, most publications focused on the physical sciences, such as Geology,
Environmental Sciences & Ecology, Geochemistry & Geophysics, Paleontology, Zoology
and Physical Geography. Among these studies, Geology and Geochemistry & Geophysics
received significant attention, notably through the study of earthquakes, geological struc-
tures and geochemical processes (Nikiforova et al. 1989; Given et al. 1990; Sevryugin et al.
1990; Trifonov 1978). This is because Central Asia is located on both the Tethys tectonic
domain and the paleo-Asian tectonic domain (Yuan-xi 2003; Lii et al. 2017). Environmen-
tal Sciences & Ecology became another popular research field after the collapse of the
Soviet Union. During Soviet times, agricultural issues were always a contentious issue in
the development of the national economy. To resolve the food crisis, Nikita Khrushchev
adopted “the most urgent measures” to develop grain production from 1954 to 1960. In
these measures, the main method was the large-scale reclamation of cultivated land. Tar-
geted lands included areas on the right bank of the Volga, in northern Kazakhstan, in the
northern Caucasus and in Western Siberia. This was the famous “Virgin Lands Campaign”
(Miller 1977). However, excessive reclamation of arable land caused many environmental
problems. From the late 1950s onwards, reclaimed regions witnessed significant soil deg-
radation, leading to decreased soil organic matter (Josephson et al. 2013). In the spring
of 1963, several strong storms swept away hundreds of tons of fertile soil from the Virgin
Lands (Kraemer et al. 2015). After the collapse of the Soviet Union, environmental prob-
lems worsened, sometimes to a catastrophic level. As a result, more institutions focused on
environmental issues in Central Asia.

Zoology publications focused on particular animals (Sergeev and Pokivajlov 1992)
and palaeontology (Dodonov et al. 1991). In terms of health, research focused on the
type of infection transmission (Adambekov et al. 2016), new viruses (Karamendin et al.
2014) and the influence of weather on disease (Grjibovski et al. 2012).
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Fig. 6 Relationship between publications on Central Asia and the number of tourists in Central Asia
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Fig.7 Relationship between publications on Central Asia and exports of fuel oil in Central Asia

The relationship between global Central Asian research outputs and relevant
impact factors

We found that the cumulative number of global Central Asia studies increased with the
number of tourists, exports of fuel oil and GDP (Figs. 6, 7 and 8). Research publications
can be quantified by a quadratic polynomial model y=0.79x*—3109.47x+3.07 x 10°
(R*=0.955), where x and y denote time and the number of publications, respectively. We
found that the number of tourists and exports of fuel oil had linear fits with year, while
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Fig. 8 Relationship between publications on Central Asia and gross domestic product (GDP) in Central
Asia

GDP had a polynomial fit. Table 6 summarizes the correlations between the number of
publications on Central Asia and the number of tourists, exports of fuel oil and GDP in
Central Asia. The correlation between publications and GDP had the highest correla-
tion coefficient (0.923) followed by the number of tourists (0.917) and exports of fuel oil
(0.831). These results reflect the close relationship between scholarly outputs on Central
Asia and the number of tourists, exports of fuel oil and GDP in Central Asia.

Central Asia has important research value, as there are many tourism resources due to
the region’s geographical location, natural splendour, historical architecture and exotic cul-
ture. The region includes the “Ancient Silk Road” and it has attracted large numbers of
scholars. Before the collapse of the USSR, tourism had not been as prosperous as in other
regions due to multiple reasons. The region was still very turbulent and unstable because
of surrounding wars, civil commotions, separatism and terrorism. Underdeveloped trans-
portation, connectivity and infrastructure were unfavourable factors for tourism growth
(Koh and Kwok 2017). Until the middle of the 1950s, most tourist facilities in the USSR
only catered for domestic tourists (Hall 1991). During the Soviet period, sanatoria were the
most popular places for domestic visitors and other forms of tourism were not prevalent.
By contrast, foreign tourists were interested in culture, historical sites and the development
of the USSR.

Table 6 Equations and coefficients of determination between publications and the number of tourists,
exports of fuel oil and gross domestic product (GDP)

Type Factors Equations R? Correlation
coefficient
Linear fit Number of tourists y=50.82x—1.01x 10° 0.919 0.917
Exports of fuel oil y=291.75x—5.78 x 10° 0.733 0.831
Polynomial fit ~ GDP y=10.33x>—4.12x 10*x+4.11x 10’ 0.878 0.923
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With the dissolution of the Soviet Union in 1991, the Cold War ended and the tour-
ism industry changed significantly. Each independent country in Central Asia has posi-
tively adapted to changes in the fast-paced global tourism market and each seeks its
individual path in the tourism industry (Werner 2003). The collapse of the USSR also
prompted more and more people to research Central Asia and the number of publica-
tions increased.

Kyrgyzstan is nestled between China, Kazakhstan, Uzbekistan and Tajikistan and is
called the “Switzerland of Asia”. The country is well known for its unique natural scenery
and rich history as well as distinctive and historic tourist attractions, such as the Issyk-Kul
Lake and the Burana Tower. Furthermore, Kyrgyzstan’s government made good headway
in developing tourism, including improving tourism facilities, increasing transportation
input and optimizing tourist visa procedures. All of these initiatives are regarded as very
helpful factors for the tourism community (Kantarci 2007). Hence, Kyrgyzstan has become
a hotspot for research in recent years.

Exports of fuel oil have a close relationship with global research outputs on Central
Asia. Most of the publications focused on specialized knowledge on fuel oil in Central
Asia (Karabaev et al. 2013), the cooperation between Central Asia and other countries in
oil and gas (Kalyuzhnova and Lee 2014) and the impact of changes in international oil
prices on local economies. Central Asian countries are well known for their abundant natu-
ral resources. Kazakhstan is endowed with significant oil and gas resources. The country is
ranked 11th in the world in terms of proven crude oil reserves and it is the second largest
oil producer among the former Soviet Republics behind Russia. Turkmenistan and Uzbeki-
stan also possess extensive natural resources, in particular, natural gas. In the current geo-
economic environment, the economies of developed and developing countries depend on
the consumption of large amounts of resources. Thus, untapped energy reserves in Central
Asia cannot be ignored (Dorian 2006).

Through nearly a century of construction and development, the oil industry of the for-
mer Soviet Union became a large and unified industrial system. After the disintegration
of the Soviet Union, huge industrial systems were segmented, significantly affecting the
industrial development of the Commonwealth of Independence States (CIS) countries.
Such a huge change had become a hotspot for many economists to research. The econo-
mies of these countries have been subject to great transformations. At the beginning of the
transition stage, a deep collapse in production was followed by a recovery in the late 1990s.
Central Asian oil exporters developed the oil mining industry and signed oil contracts with
global oil companies to increase their share of the international energy market (Hasanov
et al. 2016, 2017). The development of the oil sector benefited Kazakhstan’ economy and
the revenue from the oil sector accounted for an increasing proportion of the total export
value of the country from 2001 to 2014.

However, due to the oil price shocks of 2014, oil-exporting countries experienced sub-
stantial economic recessions. These countries had to pay extensive attention again to the
rest of the world (Bayramov and Abbas 2017). Some researchers dedicated themselves to
the study of the influence of oil price shocks on oil exporters in Central Asia and some
scholars researched diversification policies and subsidized economies in these countries.
The most striking example was Kazakhstan. Because more than 50% of the country’s total
quantum of trade was from oil exports, the oil price changes made Kazakhstan’s domestic
financial situation more serious and challenging for economic growth (Elmira et al. 2017).
Thus, oil shocks made Central Asian oil-exporting countries recognize their deficiencies in
terms of their own economic development. It also helped them seek appropriate measures
and learn from others to develop their domestic economies.
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Global publications on Central Asia were also intimately related to the GDP of these coun-
tries. The majority of papers related to GDP focused on economic development, economic
systems, industrial structure, individual incomes, the human development index and invest-
ments abroad. Before the collapse of the USSR, the former Soviet Union developed massive
constructions of socialist industries. There was a high degree of national economic integra-
tion. In the middle of the 1970s, the Soviet Union became one of the world’s top powers with
respect to economics, politics and the military. Thus, more and more scholars researched the
USSR’s economic system and its economic efficiency and industrial structure (Krasovskii and
Fridman 1986; Ivashkin 1986). However, the highly centralized economic management sys-
tem restricted interior economic development. Available funds were not evenly distributed and
this caused civilian production in the Soviet Union to lag behind that of other countries for a
long period.

The expansion of the military-industrial sector in the former Soviet Union was beyond
the capacity of the national economy. Military spending reached 155 billion Rupees in 1981,
which accounted for one-third of the total expenditure of national revenue. Huge military costs
aggravated the burden on the national economy at the time and drew scholars’ attention to
economic systems, economic returns and military investment (Allen 1984; Leitenberg 1979).
After the dissolution of the Soviet Union, economic systems and operation mechanisms in the
five Central Asian countries changed substantially (Kuboniwa 1998; O’hara 1997). Interna-
tional research on central Asia entered a new era.

Although these countries have many common socio-economic features, they adopted dif-
ferent approaches to transitioning to a market economy. Kyrgyzstan conducted a series of
reforms on land and farmers eventually came in possession of their own land (Lerman 2008).
Other countries, such as Uzbekistan, Turkmenistan and Tajikistan, continued to use pseudo-
Soviet agricultural policies (Csaki et al. 2004; Djanibekov and Finger 2018). At the same time,
for the sake of seeking new economic and commercial patterns, governments decided to carry
more international trade cooperation in certain fields, such as minerals, crude oil and natu-
ral gas (Gleason 2003; Stone 1995; Blazyca 2004). Since the revenue from energy resources
accounted for a large proportion of Central Asia’s GDP, many studies on energy exports were
conducted.

The development of the hydrocarbons sector played a vital role in Kazakhstan. Over the
past two decades, there has been a dramatic change to Kazakh economic development in the
oil and gas sector. In the 1990s, Kazakhstan encountered many difficulties in developing a
domestic economy. Following a substantial increase in oil prices, Kazakhstan experienced
rapid economic growth from 1999 onwards (Kalyuzhnova and Patterson 2016). The country
showed an average growth of 6.5% in GDP from 2010 to 2013. However, as a country depend-
ing on oil exports to stimulate national economic development, international oil price changes
had a large impact on the national economy. Kazakhstan suffered a prominent economic
slowdown because of the shock of international oil prices. GDP growth declined to 4.1% in
2014 and then rose by only 1.2% in 2015 (Bayramov and Abbas 2017; World Bank 2015a).
Meanwhile, the economic structure of Kazakhstan remains poorly diversified. Research on oil
exporters in Central Asia remains important since these countries have a direct influence on
the international oil market.
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Conclusion

We evaluated the differences in global research on Central Asia before and after the col-
lapse of the USSR from 1900 to 2016 with statistical analyses and analysed the relation-
ship between global Central Asia research outputs and the number of tourists, exports of
fuel oil and GDP.

From 1964 to 1991, total publications on Central Asia showed high growth trends with
an average annual growth rate of 6.73% compared to the total publication growth rate of
the SCIE and SSCI (4.91%). Contributions mainly stemmed from publications on Central
Asia in the SCIE. The period 1992-2016 experienced a meteoric growth of Central Asia
research and the total number of publications on Central Asia showed an average annual
growth rate of 6.15%. The SCIE played a dominant role in the increase in research on Cen-
tral Asia during the period.

Comparing subject categories in 1900-1991 and 1992-2016, Geology and Environmen-
tal Science & Ecology showed the most robust increases. The subject categories of Science
& Technology—Other Topics, Geography and Anthropology, which ranked in the top six
in 1900-1991, sharply decreased in 1992-2016. Parasitology, Chemistry, History, Infec-
tious Diseases, General & Internal Medicine and Entomology appeared in the top 20 rank-
ings in 1900-1991 but disappeared from the top 20 in 1992-2016. International Relations,
Public, Environmental & Occupational Health, Meteorology & Atmospheric Sciences,
Mineralogy and Water Resources entered the top 20 rankings in 1992-2016.

The USSR (880 publications), the USA (222) and KASSR (112) were the three most
productive countries in 1900-1991. In 1992-2016, the top three productive countries were
the USA (3488 publications), Russia (3155) and China (2337). Research countries became
more diverse between 1900-1991 and 1992-2016 and more publications originated from
international collaborations. Major collaborators also became more diverse in 1992-2016
and included Russia, the USA and China, among others. On the other hand, collaborating
countries mostly came from the former Soviet Union in 1900-1991.

We found the following differences when comparing title keywords for the SCIE for
the two time periods. First, countries of concern to the USSR and SSR in 1900-1991
changed to China and the five Central Asian countries. Second, the ranking order of the
orientation nouns “southern”, “western”, “northern”, and “eastern” in 1900-1991 changed
to “northern”, “eastern”, “western”, and “southern” in 1992-2016. Third, some new title
keywords, such as “implication”, “basin”, “genetic”, “evolution”, “water”, “population”,
“Tien Shan” and “climate”, emerged in 1992-2016. We also found differences between
time periods when comparing title keywords for the SSCI. Countries became less diverse
and only “Post-Soviet”, “Soviet”, “Russia(n)”, “Kazakhstan” and “Uzbekistan” remained
in 1992-2016. The four big themes of “health”, “economic”, “politics” and “‘security”
drew the public’s attention and some problems combined more than one aspect. Research
also focused on “transition”, “international”, “social” and “eastern” in 1992-2016.

Comparing institution productivity between the two time periods, China started to
pay close attention to Central Asian studies and Central Asia received much more atten-
tion from the rest of the world. Although the research areas of the top 20 institutions in
1992-2016 were more diverse compared to those in 1900-1991, most publications focused
on physical sciences.

We also investigated the relationship between Central Asia research and the num-
ber of tourists, exports of fuel oil and GDP in Central Asia. The number of tourists and
the exports of fuel oil had linear fits with year, while GDP had a polynomial fit. All the
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correlation coefficients between publication numbers and explanatory factors were high.
These results reflect the close relationship between scholarly outputs for a range of topics
and the number of tourists, exports of fuel oil and GDP in Central Asia.
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