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Abstract 

The regional structure of the PRC’s scientific output is analyzed using publications processed for 
the Web of Science. Over the period 2000-2015 and measured by the Salton Index of  the co-
publications the scientific collaboration among the PRC’s regions increased only slightly,  in 
stark contrast with the USA’ states and during the most recent years the EU member countries. 
Only for research with other nations, representing about 30% of the total publication output, 
inter-regional collaboration is on the rise. For the leading PRC’s regions the USA is the 
dominant partner co-authoring about 50% of their publications. Germany and especially Japan 
seems to lose attractiveness to the advantage of the UK, Australia and neighboring Asian 
countries. 

 

Introduction 

The People’s Republic of China (PRC) became the third economic power measured in nominal 
GDP only preceded by the USA and the European Union; the latter not being a nation it is now 
the second wealthiest country. In parallel its science and innovation capacity developed rapidly 
and measured by the number of scientific publications it is also the world’s second most 
productive nation, again after the USA (National Science Board, 2014) 

It is well known that over the last half century the business of science has become more 
internationally oriented and cross-border collaborations are on the rise especially for natural and 
life science and the basic disciplines of engineering (Waltman, 2011).  Within larger countries 
intra-regional collaborations are also increasing (Bellini, 2013). To study these phenomena often 
publications are used as a proxy for a country’s scientific capacity. 
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The PRC’s international co- publications have been intensively studied (Glänzel, 2007; Haustein, 
2011), often focusing on specific domains (Tang, 2011) or countries (Wagner, 2015). Far less 
attention has been paid to the PRC’s domestic scientific collaboration and the international 
collaboration patterns of its geographical regions (Liang, 2002; Scherngell, 2011; Sun, 2015; 
Andersson, 2014). 

 

Research questions, methodology and data 

In the PRC there are 31 administrative mainland regions, including 23 provinces, 5 autonomous 
regions and 4 municipalities, further called ‘regions’. 

In this paper the regions are the unit of analysis and both the evolution of inter-regional and 
international collaborations are studied. Trends in inter-regional collaborations are benchmarked 
with those of the USA and the European Union. The regions’ profiles based on the countries they 
are collaborating with are compared and changes over time analyzed. 

Using the Web of Science (WoS), an international bibliographic database produced by 
Thompson Reuters that covers very well the above mentioned disciplines, information on all 
publications with the PRC in the byline was extracted. The search was restricted to the period 
2000-2015 and to the publication types Articles, Letters and Reviews. 

Generally the PRC addresses processed for the WoS contain information on the postal code of 
the institute’s city; the first two or three characters of these ZIP codes indicate the region. Using 
this information about 85% of the addresses can be assigned automatically to a region. In the 
remaining addresses the postal codes are missing or erroneous. A combination of manual data 
cleaning and algorithms based on recurring patterns in the errors allowed to increase the yield to 
about 95%. In this analysis the remaining 5% of the PRC’s publications that could not be 
assigned to a region, are not taken into account. 

For each year and each region the publications are divided into two subsets: those with an 
address from another country in the byline (further called international co-publications) and 
those with only one or more PRC addresses (further called domestic publications).  In the first 
subset publications may be signed by authors from more than one region; domestic publications 
can also have addresses from two or more regions, further called domestic co-publications. 

For the domestic publications and for each year a symmetrical co-publication matrix is 
calculated with on the diagonal the number of domestic publications of each region and on the 
off-diagonal entries the number of co-publications between two regions. A full or integer 
counting scheme is used at the level of the regions assigning a co-publication fully to each 
contribution unit. It should be emphasized that a publication with one or more addresses from 
only one region is classified as a domestic publication and assigned only once to that region. 

For the international co-publications a similar matrix is calculated. For each region and for each 
year the list of countries in the byline of the publications and their number of co-publications is 
extracted from the WoS; again a full counting scheme is used 
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To analyze the inter-regional collaboration the absolute number of publications are an indicator. 
It is however well known that regions’ propensity to collaborate depends on their total number of 
publications. Similarity measures take this effect into account (van Eck, 2009).  

In this paper to quantify the collaboration strengths between the regions the Salton Index (SI) is 
calculated: 

∗
 

where i and j represent the regions, Pij(t) the co-publications between i and j and Pi(t) the 
number of publications of region i; t being the publication year (Luukkonen et al., 1993). The SI 
is a symmetrical matrix with 1 on the diagonal. 

To make the evolution of the collaboration strength between the regions visible for each year the 
average, the median, the maximum and the minimum value of the SI is used as an indicator.  

At the same time as the PRC’s science and innovation system rapidly developed, other countries’ 
inter-regional collaboration expanded. For the European Union stimulating collaboration 
between member states is even a long-standing policy objective. To benchmark PRC’s inter-
regional collaboration its SI is compared with this measure calculated for the first 15 countries 
joining the European Union (EU15) and for the states within the United States (Luwel, 2015). 

One of the factors influencing co-publication activities among regions is not only the available 
scientific capacity but also their geographical locations. To test for effects of the geographical 
proximity on the collaborative strength between regions a symmetrical distance matrix was 
calculated using the geo-coordinates of the capital city of the regions. To test for correlation the 
Mantel test between the co-publication matrix and the distance matrix on the one hand and the SI 
and the latter on the other hand is done using the pearson correlation and treating the diagonal 
elements in the matrices as missing values (Mantel, 1967). This operation was carried out for 
each year and for both subsets.  

Next each region’s international co-publication profile is constructed based on a country’s 
number of co-publications with that region and on the ratio between this number and the region’s 
total number of international co-publications. The regional profiles are compared as well as their 
evolution during the period 2000-2015. 

 

Results 

Table 1 gives for the 31 regions the number of international co-publications and domestic 
publications. The distribution of these publications is highly skewed with the top-10 regions 
producing more than 75% of the total output. Over the 15 year period the total number of 
publications (i.e. the sum of the number of domestic and internationally co-authored 
publications) increased by a factor 10; this increase is roughly the same for the top 10 and the 
next 10 regions and even higher for the third tier.  
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In 2015 the ratio of the international co-publications and the domestic publications is about 30%, 
an increase by 7% compared to 2000; for the top-10 regions this increase is roughly the same. 

However table 1 shows that the growth rate decreases slightly over time but the increase in 
internationally co-authored publications is outperforming the domestic publications in the last 
two 5 year periods by 44% and 25%. 

Next the strength of the inter-regional collaborations and its evolution are analyzed by 
calculating for each year the SI. Figure 1a shows the evolution of the mean value of the SI for the 
international and the domestic co-publications for the 31 regions and for the top-10 regions. For 
the domestic co-publications the average value of the SI remains roughly constant over the 
period 2000-2015. It is not surprising that for all the 31 regions together the values of the 
indicator are lower than for the top-10 as the third tier regions have a low number of (co-
)publications. 

At the beginning of the period the average values of the SI for the international co-publications is 
below the values for the domestic publications, subsequently during the next few years they have 
a rather erratic behavior. In the beginning of the last decade most regions even among the top-10, 
had very few international co-publications; the subset of these publications with addresses from 
than one region was even smaller. The upswing in the values for the year 2004 could be 
explained by the incorporation of additional Chinese journals in the WoS and will be 
investigated in more detail. From 2008-2009 onwards the average values of the SI for the 
international co-publications increase systematically to a level well above the values for the 
domestic publications. This trend is more pronounced for the top-10 regions. 

For the EU15 and the USA no separate values of the SI for international and domestic co-
publications are available in Luwel (2015). To benchmark the PRC figure 1b shows the average 
values of the SI of the two subsets together for the top-10 regions and the 31 regions and these 
data for the intra-EU15 co-publications and for the USA the co-publications with at least two 
different states. 

There is a strong contrast between the USA, EU15 and the PRC. For the USA the SI average 
value is in 2000 already substantially higher and the indicator has a stronger growth rate during 
the period. Between 2000 and 2005 the SI average values for the EU15 are the same as for the 
top-10 regions but from 2005 onwards the increase for the EU15 is much more pronounced.  For 
the 31 regions together during most of the period the SI average values are stable, increasing 
slightly only during the most recent years. 

To analyze the effect of the distance between regions on their propensity to collaborate the 
correlation between the co-publication matrix and the SI on the hand and the matrix of the 
distances between the regions is calculated. 

For the two subsets the co-publication matrix and the distance matrix correlate at 1 % 
significance level for all years except for 2001. The same result is obtained for the SI.  However 
for the top-10 regions the Mantel test shows that the co-publication matrix and the distance 
matrix as well as the SI and the distance matrix are not correlated even at 5% significance level. 
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Each region has its own international co-publication profile which can evolve over time. In table 
2 for each of the 4 regions with the most international co-publications in 2015 the top 5 countries 
are listed. The USA is on top and around 50% of these regions’ international co-publications has 
at least one address from this country in the byline. However the growth rate seems to level off, 
especially for GuangDong. A second observation is the decrease of the fraction of the 
publications in collaboration with researchers working in German institutes and the inverse 
tendency for Australia and the UK. Another striking observation is the absence of Japan among 
the top 5 except for co-publications with Shanghai but its share is decreasing rapidly. The same 
pattern is observed for most of the top regions as is illustrated in figure 2. For the other 6 regions 
in the top-10 the fraction of the international co-publications of the leading countries (except the 
USA) is given (publication year 2015). Between 44% and 47% of these regions’ international co-
publications are in collaboration with this country. Australia and the UK are competing for the 
second place. Only for Liaoning is Japan an important partner co-singing more than 10% of its 
international co-publications. 

 

Discussion 

The regional distribution of PRC’s publications in journals processed for the WoS is highly 
skewed; the top-10 regions produce more than 75% of the total output. Although the growth rates 
are higher for the less productive regions, the share of the top-10 regions in the total regional 
publication output is only slowly reducing over the last 15 years. Similar skewness in the 
distribution of publications has been observed within the USA and between EU member states 
(Luwel, 2015). 

The overall growth rate of both international co-publications and domestic publications slows 
down; comparing 2010 and 2015 this trend is more pronounced for international co-publications 
than for domestic publications. Their ratio is 31% in 2015. But again there is a large deviation 
between the top-10 regions with 33% and the third tier with 22%. 

Using co-publications as a proxy in contrast with the USA and the EU the scientific 
collaboration between the regions is not increasing substantially. Only on international co-
publications the PRC’s regions are collaborating somewhat more intensely during the last couple 
of years. In the paper the evolution of the average value of the SI is presented; using the median 
value of this index and other similarity measures similar results are obtained.  

For the 31 regions together the scientific collaboration measured by co-publications and 
geographical separation correlates very well. This result is strongly influenced by the regions 
with the lowest number of (co-)publications. The collaboration among the top-10 regions evolves 
independently from their geographical location; over the period 2000-2015 the co-publications 
matrix and SI are not correlated with the distance matrix.  

The USA is the international partner par excellence but there are differences in regions’ 
international co-publication profiles with the propensity to collaborate with Germany and Japan 
decreasing and a growing influence of Australia and the UK. Especially for Germany’s and 
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Japan’s decline no obvious explanation can be given. Australia with it is strong international 
higher education sector and neighboring Asian countries become for Chinese researchers more 
attractive as scientific partners. 

To obtain a better understanding of the relationship between the geography and the scientific  
collaboration among the regions work is in progress to construct Mantel correlograms (Diniz-
Filho, 2013); although they assume an underlying distribution gravity models could also be used 
(Scherngell, 2011). To benchmark in more detail the trends in PRC’s co-publications the data for 
the EU and the USA will be broken down in international  and domestic co-publications. Finally 
the analysis presented in this paper can also be made using the 10% most cited papers or for 
individual scientific disciplines. 
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Figure 1a. Evolution of the SI average value of the international co-publications (a) and the 
domestic co-publications (b) of the 31 regions and of the top-10 regions (c and d) 

 

 

 

 

Figure 1b. Evolution of the SI average value of the co-publications  of the 31 regions (a), the top-
10 regions (b), the EU15 (c) and the USA (d) 

 

  

0

0,005

0,01

0,015

0,02

0,025

0,03

0,035

0,04

0,045

0,05

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

(a)

(b)

(c)

(d)

0

0,02

0,04

0,06

0,08

0,1

0,12

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

(a)

(b)

(c)

(d)



Draft sho
 

Figure
most c

r

ort paper by 

e 2. For Hub
co-publicati
ratio of this 

Luwel and al

bei, Liaoning
ions in 2015
number and

. for the STI C

g, Shaanxi, 
5 (after the U
d the region

Conference 2

Shandong, 
USA, not sh
n’s total num

 

2016

Sichuan and
hown in the 
mber of inter

d Zhejing th
graph) are g
rnational co

he countries
given as we

o-publication

Pagina 12

 with the 
ell as the 
ns. 


