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This study aims to analyse and map the network structure of the scholarly communications in the realm of forestry research 
between 1999 and 2019 in Turkey using bibliometric analysis and social network analysis methods of the articles published 
within Clarivate Analytics’ Web of Science (WoS). A total of 8689 records, including their bibliographic data, were extracted 
from WoS. The analysis of each sub-period shows that the number of international collaboration of Turkish authors 
has increased globally from 23 countries in the first sub-period to 113 countries in the last sub-period within forestry 
publications. Also, the annual percentage rate of publications has increased from 58 articles in 1999 to 1016 in 2019 in the 
realm of forestry alongside with their received average citations in each sub-period. Multi-author articles precede single-
author articles in the field of forestry in each sub-period. This research is the first analysis of forest research production 
using bibliometric and network analysis in Turkey. According to the results biomass, remote sensing and climate change 
were current trends on forest research in Turkey. Incidentally, the research findings can be used by policymakers regarding 
future investments in forestry research development.
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ABSTRACT

INTRODUCTION

Forestry education in Turkey has a long history. 
Technical training and education in forestry began with the 
establishment of the first Forestry School in Istanbul, on 
17th November 1857 (Gumus 2016), which became the first 
Faculty of Forestry under the Istanbul University (IUFF) in 
1948 (Ozdonmez and Ekizoglu 1996, Ekizoglu 2001). From 
the point of view of the country, the primary objective of 
the forestry education at the beginning was to train human 
resources for the forestry organization. The second Forestry 
Faculty of the Black Sea Technical University was started and 
specialized in forest industry after its establishment in 1971. 
After 1993, 10 more new forestry faculties were established 
in different regions in Turkey (Yurdakul Erol and Sahin 2016). 
Four specialization fields at bachelor level education, which 
are forest engineering, forest industry engineering, wildlife 
management and landscape architecture, have been 

established. Graduate studies are provided under more than 
20 different programs presently.

The priority-setting problem in forestry research 
projects in Turkey has been an important issue mainly since 
1994, when the Forestry Research Master Plan (FRMP) was 
prepared as a part of the Turkish Agricultural Research 
Project (TARP) supported by the World Bank. Usually a 
monetary analysis is conducted to assess research output 
(Dasdemir 2005). The majority of current forestry research 
projects in Turkey are proposed, funded and carried out by 
the MAF and its 13 Forestry Research Institutes (FRIs) and 
scientific research funds of universities and the scientific 
and technological research council of Turkey (TUBITAK). 
Furthermore, the activities of well-established non-
governmental organizations such as Chamber of Forestry 
Engineers, The Foresters’ Association of Turkey etc., have 
contributed to the scholarly communications of the forestry 
sector.
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Admittedly, as well as an increase in the number of 
forest faculties in Turkey, the objectives they pursue are 
diversified and proliferated in need of the day. The function 
of forest faculties is no longer limited to education of 
professionals for forestry management and organization; 
their function now includes producing information, raising 
public awareness, supporting sustainable development, and 
playing an effective role in the formation of related policies. 
On the other hand, following the change in the science of 
forestry education, Turkey and the rest of the world have 
adapted to the changing needs and priorities in forestry 
and forestry direction, which has provided dynamism 
in Turkish forestry education (Erdas 2008). Particularly, 
Bologna Process including Turkish Higher Education has 
been effective on the renewal and reorganization of the 
curriculum of the program since the beginning of 2000s. 
In Turkey, research topics, publications, and scientific 
events such as conferences, symposia, and congresses of 
the world directly affected forestry and environmental 
policies. Periodically, biodiversity, combating desertification, 
sustainability, participatory management, ecosystem-based 
planning, climate change, climate change mitigation and 
migration have been the dominant themes. 

In the last few decades, the attention to the scientific 
productivity of researchers and research institutions in the 
world has increased (Abramo and D’angelo 2014). Similar 
to other scientific fields, Chirici (2012) reported two main 
approaches for evaluating scientific productivity for forestry 
development in Italy: (i) peer review, a qualitative evaluation 
in which a group of experts evaluates the research output, 
and (ii) bibliometric evaluation, where quantitative analysis 
of publications and citations is performed. 

Evaluation of researchers’ work and careers has 
increasingly transitioned from peer review to bibliometric 
evaluation (Rogers 2002, Cameron 2005). Bibliometric 
analysis, along with its gradual widening of applications, 
plays a significant role in finding scientific indicators 
for policy-makers and the executive branch. Pritchard 
(1969) defined bibliometric studies as a quantitative 
analysis of written publications by using statistical and 
mathematical applications. Similar to other scientific 
fields, forestry is studied by data scientists to measure its 
performance in terms of growth, structure, productivity, and 
interrelationship. 

Hazarika et al. (2003) in a bibliometric analysis 
conducted in India based on the journal The Indian 
Forester for the period between 1991 and 2000 stated 
that multiple authorship was dominant (64.6%). Miah et 
al. (2013) conducted a bibliometric analysis of forestry 
research (1977-2007) in Bangladesh and established a 
strong increase of forestry papers from 1998 to 2000, but 
they started to decrease in 2001 and again increased in 
2005 due to various factors. Most of the published papers 
were multi-authored in a bibliometric analysis of forestry 
researchers in Tanzania, and the majority (88.1%) of the 
publications were multiple-authored (Sife et al. 2013). There 
are some studies on forestry publications from bibliometric 
viewpoint: covering bibliometric analysis of global forest 
ecology (Song and Zhao 2013), co-term and citation analysis 
of evolution of Mediterranean forest research (Nardi et al. 
2016), bibliometric productivity of forest scientists in Italy 

(Giannetti et al. 2016), bibliometric analysis of Open Access 
forestry research (Peiró 2018).  

On the other hand, social network analysis (SNA) is 
a method derived from sociology to measure network 
structure (Otte and Rousseau 2002). SNA conceptualizes 
social structure as nodes and links connecting these nodes. 
Moreover, SNA quantifies the relationships between 
nodes within a network structure. Anthropologists, 
psychologists, sociologists, physicists, economists, and 
mathematicians utilize social network analysis methods to 
measure the relationship between people, organizations, 
or even nations. For example, Jacob L. Moreno (1934), 
a psychologist who mapped the social interaction of 
elementary school children, was instrumental in spreading 
the SNA methodology in scientific research. He named his 
map sociogram. SNA utilizes sociogram and mathematical 
graph theory to analyse the network structure (Scott 2000), 
where a sociogram shows the interaction among people 
within a group. One of the models within SNA is a small-
world phenomenon that indicates each node (actor) in a 
random network structure which is connected to another 
node through an acquaintance (link) (Milgram 1967). 

Literature defines co-authorship as a collaboration of 
two or more scientists in a research activity. Rogers (2003) 
stated that social interactions in multidisciplinary scientific 
areas and practitioners are instrumental in disseminating 
knowledge. Co-authorship among authors in the field of 
forestry reveals the network’s indicators within each period, 
which is instrumental in diffusion of knowledge inside the 
scientific endeavour. Bibliometric methods such as co-
occurrence have been utilized to conduct social network 
analysis; for example, co-word analysis (Leydesdorff and 
Vaughan 2006), maps of the collaborators (Wagner and 
Leydesdorf 2005) and co-authorship (Glanzel 2002) were 
applied to create social network structure of scientific 
collaboration among universities. Romanelli and Boschi 
(2019) for instance used Science Citation Index Expanded 
within online WoS database to measure the legacy of Elinor 
Ostrom on common forest research using bibliometric and 
network analysis methods. They used the co-occurrence of 
words to map the cognitive development in the network 
formation. Besides, Romanelli and Boschi utilized VOSviewer 
(Van Eck and Waltman 2010) to undertake the task. 

Although there are numerous articles exploring forestry 
as a research field using bibliometric analysis (Song and 
Zhao 2013, Nardi et al. 2016), limited studies have been 
focused on social network analysis of the subject domain 
(Giannetti et al. 2016). This study explores forestry research 
development at the macro and micro levels in Turkey using 
bibliometric and SNA techniques.

MATERIALS AND METHODS

To delineate records properly, we used the "thesaurus 
"of Forestry Compendium CAB Abstracts database to define 
the search terms. We extracted terms from CAB Abstracts 
thesaurus based on the word "forestry," including their 
narrower terms and related terms. With the help of an 
expert in the forestry field, we finalized a compound text 
query (See Appendix A).
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in which a group of experts evaluates the research output, 
and (ii) bibliometric evaluation, where quantitative analysis 
of publications and citations is performed. 

Evaluation of researchers’ work and careers has 
increasingly transitioned from peer review to bibliometric 
evaluation (Rogers 2002, Cameron 2005). Bibliometric 
analysis, along with its gradual widening of applications, 
plays a significant role in finding scientific indicators 
for policy-makers and the executive branch. Pritchard 
(1969) defined bibliometric studies as a quantitative 
analysis of written publications by using statistical and 
mathematical applications. Similar to other scientific 
fields, forestry is studied by data scientists to measure its 
performance in terms of growth, structure, productivity, and 
interrelationship. 

Hazarika et al. (2003) in a bibliometric analysis 
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or even nations. For example, Jacob L. Moreno (1934), 
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elementary school children, was instrumental in spreading 
the SNA methodology in scientific research. He named his 
map sociogram. SNA utilizes sociogram and mathematical 
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formation. Besides, Romanelli and Boschi utilized VOSviewer 
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(Giannetti et al. 2016). This study explores forestry research 
development at the macro and micro levels in Turkey using 
bibliometric and SNA techniques.
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"of Forestry Compendium CAB Abstracts database to define 
the search terms. We extracted terms from CAB Abstracts 
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To conduct the research (Retrieved 24.12.2020), a total 
of 8689 records from Science Citation Index Expanded (SCI/
EXPANDED) of all document types in all languages were 
downloaded from Web of Science (WoS) Clarivate Analytics 
(online academic database) using a compound text query 
between 1999 and 2019, having at least a country/regional 
Turkish collaborator. Clarivate Web of Science (WoS) was 
selected as a database covering inclusively referred journals. 
WoS was selected as a database since it covers inclusive 
referred journals. Descriptive analysis and bibliometric 
analysis were used to evaluate scholarly communications 
within forestry journals in WoS. According to WoS, scientific 
publications gained momentum starting in the past two 
decades; we chose 1999 as the starting year and divided 
the last two decades into four periods to gradually monitor 
research development. 

 The total record was divided into four sub-periods (1999-
2003, 2004-2008, 2009-2013 and 2014-2019). Descriptive 
analysis was conducted using Bibliometrix (Aria and Cuccurullo 
2017), an R package was used to create and to compare 
indicators for each period. Secondly, Bibexcel was used to 
make co-occurrence frequency matrix from bibliographic data 
extracted from WoS (Persson et al. 2009). VOSviewer was used 
to map the co-occurrence analysis. Gephi (Bastian et al. 2009) 
software analysed the network’s properties within scholarly 
communication in the field of forestry. 

 The social network analysis approach presents 
scientific collaboration in the field of forestry research. 
SNA conceptualizes the network structure using centrality 
measures in terms of betweenness, closeness, and degree. 
Betweenness centrality measures a node’s ability to connect 
other nodes in the network, whereas closeness centrality 
measures how fast a node can access another node in the 
system. Degree centrality measures the number of connections 
a node has with other network structure nodes (Scott 2000). 
The clustering coefficient indicates an inclination to aggregate 
a subgroup within a group (Newman 2001). Using SNA and 
descriptive analysis mentioned above, we have addressed 
the following research questions for the network structure 
of the forestry in Turkey: (i) Does the flow of knowledge in 
the network structure depict growth in publications’ rate?, (ii) 
Which of the most prolific universities are publishing in the 

forestry research field, thus stimulating knowledge diffusion?, 
(iii) What are the research topics within forestry?, (iv) Who are 
the prolific authors, and do they collaborate more frequently? 
(v) What does network structure look like?

RESULTS

Research questions have been answered as follows:
(i) Does the flow of knowledge in the network structure 

depict growth in publications’ rate?  
A total of 8702 articles were extracted from WoS from 

1999 to 2019. Description analysis is shown in Table 1. The 
number of records, average citation per article, the total 
number of authors, authors of single-authored articles, 
authors of multi-authored articles, authors per item, and co-
authors per reports have increased for each sub-period, except 
for average citations per document and annual percentage 
growth rate.

For instance, the total average citation decreased from 
33.73 in 1999-2003 to 28.68, 20.91, and 9.31 in other three 
periods respectively. Although the total number of articles has 
grown steadily from 371 in the first period (1999-2003) to 4020 
in the last period (2014-2019), the annual percentage growth 
rate for each period fluctuates between 19.93% and 19.30%, 
and 3.07% and 12.82%, respectively (Table 1). These results 
confirm that the increasing number of research institutions in 
Turkey in the last three decades have triggered the number of 
researchers and the number of articles. 

Figure 1 shows that the number of publications has 
increased from 58 articles in 1999 to 1016 articles in 2019, 
and about eighteen folds in the scholarly publications in the 
realm of forestry. A steady increase in the number of articles 
has been determined. The study findings indicate that forestry 
researchers in Turkey produced an average of 414.4 articles 
per year between 1999 and 2019.

(ii) The next question to be answered is which of the most 
prolific universities are publishing in the forestry research 
field, thus stimulating knowledge diffusion? 

Table 2 shows the aggregated publications produced 
by the 15 most productive universities, producing 275, 875, 
2004, and 2247 articles, which yields 74%, 67%, 66%, and 

Descriptive Analysis

Period 1999-2003 2004-2008 2009-2013 2014-2019

Documents 371 1294 3017 4020

Ave citations per docs 33.73 28.68 20.91 9.31

Authors 866 2791 7301 15420

Authors of single-authored docs 47 143 322 376

Authors of multi-authored docs 830 2648 6979 15044

Single-authored docs 69 219 415 438

Authors per docs 2.36 2.16 2.42 3.8

Co-Authors per docs 2.94 3.26 3.82 5.37

Annual percentage growth rate 19.93% 19.30% 3.07% 12.82%

Table 1. Descriptive analysis of articles for each period.
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56% of scholarly publications in each sub-period respectively. 
As seen in Table 2, the 15 most productive universities in 
forestry scientific publications increased in each subsequent 
period. It was determined that Istanbul University and 
Karadeniz Technical University, the oldest forestry faculties 
in Turkey, were the most productive universities in terms 
of the publication number in the four subsequent periods. 
Although almost the same prolific universities appear in each 
sub-period with some fluctuation, for example, Bulent Ecevit 
University appears in the first and second sub-period, it has 
lost its position in the third and fourth sub-sequent period. 
This is because after 2007 Bartin Faculty of Forestry separated 
from Bulent Ecevit University and continued its academic life 
as an independent university under the Bartin University. 
Bartin University appears in the third and fourth periods at 
12th and 7th rank respectively. Similarly, Kahramanmaras Sutcu 
Imam University appears in the first, second, and third sections 
respectively; however, it does not appear in the last period. 

Kastamonu University, in terms of the number of 
publications in the last period, ranked 6th with a total number 
of 131 articles. Until 2006, the Kastamonu Forestry faculty 
continued its academic activities as a faculty affiliated with 
Gazi University. 

With 41 publications within 1993-2003, Istanbul 
University is followed by Karadeniz Technical University 
with 134 publications for 2004-2008. Concurrently, Istanbul 
University succeeded with 295 scientific publications for 
2009-2013 and 263 for 2014-2019. Although there are no 
forestry faculties or forestry research institutions, it can be 
seen from Table 2 that publications related to forestry are 
produced at universities such as Ege University, Middle East 
Technical University, Hacettepe University, Istanbul Technical 
University, and Yildiz Technical University, which indicates the 
multidisciplinary nature of the research development in the 
realm of forestry in Turkey. 

(iii) What are the research topics within forestry?
VOSviewer calculated and created the keywords’ co-

occurrence from bibliographic data with a minimum threshold 
of 2 occurrences of the keywords. One can say that the 
network structure consists of 7 clusters where each cluster is 
made of distinct keywords. The links between nodes indicate 
the strength of co-occurrence of words between clusters. As 
it can be seen in Figure 2, biomass with the highest centrality 
is located in the centre of the graph, followed by pyrolysis 
and supercritical fluid extraction in the upper left side of the 
network. Within the second sub-period (2004-2008), the 
total number of keywords increased to 477, with a minimum 
of 2 occurrences of each keyword, making 25 clusters. In 
this period, remote sensing and mechanical properties are 
centralized, and logging, accumulation, hidden Markov 
models are periphery. Parallel to growth in publications during 
the 2009-2013 sub-period, the total number of keywords has 
increased to 1243 with the same criteria mentioned for the 
previous periods. Although remote sensing still stands with 
the highest centrality located in the centre of the network of 
the graph, biodiversity, climate change, and recycling started 
to appear within the network structure. Finally, climate change 
has become the latest research topic in the last sub-sequence.

(iv) Who are the prolific authors, and do they collaborate 
more frequently?

The answer to the question of who the prolific authors 
are, and whether they collaborate more frequently is depicted 
in Figure 3, which indicates a productive university generating 
prolific authors. The 10 most productive authors in each sub-
period are also shown in Figure 3. Although some authors are 
present in each sub-period, most of them do not repeat in 
different sub-periods. For example, a few authors appeared 
in the first and second sub-period, and one appeared in the 
third and fourth sub-period in the same location, with over 
fifty publications (Figure 3).
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Figure 1. Number of publications in forestry: 1999-2019.
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12th and 7th rank respectively. Similarly, Kahramanmaras Sutcu 
Imam University appears in the first, second, and third sections 
respectively; however, it does not appear in the last period. 

Kastamonu University, in terms of the number of 
publications in the last period, ranked 6th with a total number 
of 131 articles. Until 2006, the Kastamonu Forestry faculty 
continued its academic activities as a faculty affiliated with 
Gazi University. 

With 41 publications within 1993-2003, Istanbul 
University is followed by Karadeniz Technical University 
with 134 publications for 2004-2008. Concurrently, Istanbul 
University succeeded with 295 scientific publications for 
2009-2013 and 263 for 2014-2019. Although there are no 
forestry faculties or forestry research institutions, it can be 
seen from Table 2 that publications related to forestry are 
produced at universities such as Ege University, Middle East 
Technical University, Hacettepe University, Istanbul Technical 
University, and Yildiz Technical University, which indicates the 
multidisciplinary nature of the research development in the 
realm of forestry in Turkey. 

(iii) What are the research topics within forestry?
VOSviewer calculated and created the keywords’ co-

occurrence from bibliographic data with a minimum threshold 
of 2 occurrences of the keywords. One can say that the 
network structure consists of 7 clusters where each cluster is 
made of distinct keywords. The links between nodes indicate 
the strength of co-occurrence of words between clusters. As 
it can be seen in Figure 2, biomass with the highest centrality 
is located in the centre of the graph, followed by pyrolysis 
and supercritical fluid extraction in the upper left side of the 
network. Within the second sub-period (2004-2008), the 
total number of keywords increased to 477, with a minimum 
of 2 occurrences of each keyword, making 25 clusters. In 
this period, remote sensing and mechanical properties are 
centralized, and logging, accumulation, hidden Markov 
models are periphery. Parallel to growth in publications during 
the 2009-2013 sub-period, the total number of keywords has 
increased to 1243 with the same criteria mentioned for the 
previous periods. Although remote sensing still stands with 
the highest centrality located in the centre of the network of 
the graph, biodiversity, climate change, and recycling started 
to appear within the network structure. Finally, climate change 
has become the latest research topic in the last sub-sequence.

(iv) Who are the prolific authors, and do they collaborate 
more frequently?

The answer to the question of who the prolific authors 
are, and whether they collaborate more frequently is depicted 
in Figure 3, which indicates a productive university generating 
prolific authors. The 10 most productive authors in each sub-
period are also shown in Figure 3. Although some authors are 
present in each sub-period, most of them do not repeat in 
different sub-periods. For example, a few authors appeared 
in the first and second sub-period, and one appeared in the 
third and fourth sub-period in the same location, with over 
fifty publications (Figure 3).
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Figure 2. Keyword co-occurrence: 1999-2003 (upper left), 2004-2008 (upper right), 2009-2013 (lower left), 2014-2019 (lower right).

N 1999-2003 2004-2008 2009-2013 2014-2019

1 Istanbul Uni. (41) Karadeniz Tech Uni. (134) Istanbul Uni. (295) Istanbul Uni. (263)

2 Karadeniz Tech Uni. (39) Istanbul Uni. (127) Karadeniz Tech Uni. (214) Istanbul Tech Uni. (260)

3 Istanbul Tech Uni. (37) Istanbul Tech Uni. (91) Istanbul Tech Uni. (191) Karadeniz Tech Uni. (232)

4 Hacettepe Uni. (27) Bülent Ecevit Uni. (62) Suleyman Demirel Uni. (161) Middle East Tech Uni. (178)

5 Kahramanmaras Sutcu 
Imam Uni. (21) Gazi Uni.(54) Ege Uni. (149) Suleyman Demirel Uni. (147)

6 Ankara Uni. (19) Selcuk  Uni. (54) Duzce Uni. (134) Kastamonu Uni. (131)

7 Middle East Tech Uni. (16) Ankara Uni. (52) Middle East Tech Uni. (122) Bartin Uni. (129)

8 Akdeniz Uni. (‎12)‎ Hacettepe  Uni. (51) Gazi Uni. (112) Duzce Uni. (124)

9 Dokuz Eylul Uni. (11) Kahramanmaras Sutcu Imam 
Uni. (51)

Kahramanmaras Sutcu Imam 
Uni. (104) Yildiz Tech Uni. (119)

10 Çukurova Uni. (10) Ege Uni. (46) Hacettepe Uni. (99) Cukurova Uni. (118)

11 Gazi Uni. (10) Middle East Technical Uni. (45) Ankara Uni. (97) Hacettepe Uni. (118)

12 Ege Uni. (9) Sulyman Demirel Uni. (45) Bartin Uni. (90) Gazi Uni. (115)

13 Ondokuz Mayıs Uni. (9) Çukurova Uni. (42) Ministry of Forestry Water Affairs 
of Turkey (86) Ankara Uni. (109)

14 Bulent Ecevit Uni. (7) Abant İzzet Baysal Uni.(39) Dokuz Eylul Uni. (77) Ege Uni. (109)

15 Marmara Uni. (7) Düzce Uni. (37) Cukurova Uni. (76) Mugla Sıktı Kocman Uni. (95)

Total
(N) (n) (%) (N) (n) (%) (N) (n) (%) (N) (n) (%)

371 275 74 1294 874 67 3017 2004 66 4020 2247 56

Note: Number in the parenthesis shows the total number of publications at each university in each sub-period. (N): Corresponds to the total of 
publications in each sub-period; (n): Corresponds to the sum of publications by the 15 most productive universities in each sub-period, and (%): 
Corresponds to the percentage of publications by the 15 most productive universities each sub-period. 

Table 2. Top 15 Turkish universities with highest number of publications in each sub-sequence.
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(v) Finally, what does network structure look like?
Degree centrality coefficients rose slightly from 0.027 in 

1999-2003 to 0.033 in 2004-2008, and 0.059 in 2009-2013, 
but to some extent dropped marginally from 0.059 in 2009-
2013 to 0.047 in 2014-2019 sub-periods, correspondingly. The 
number of authors increased in each period; the betweenness 
centrality increased slightly in each period from 0.00098 to 
0.104, which means that the growth in publications within the 
second sub-period affected the flow of information among 
authors, resulting in higher betweenness centrality. However, 
high closeness centrality coefficients indicated the over 50% 
of sub-networks within the whole network are connected. 
Besides, growth in the clustering coefficients in each period is 
an indication of the small-world phenomenon in the network 
structure (Table 3).

VOSviewer calculated the total strength of the co-
authorship link for each selected country with a threshold of 
one number of the article for each subsequence. For instance, 

Turkish researchers in the field of forestry collaborated 
with 23 countries during the first sub-period; in Figure 4, 
international collaboration is depicted as a center-periphery 
network structure. Similarly, Turkish scientists in the realm 
of forestry as in the first sub-period collaborated with the 
United States of America, the United Kingdom and Wales on 
the one hand, and Slovenia, Germany, Belgium and Finland 
on the other, located in the left of the network close to the 
center, too. However, Italy, the Czech Republic and Japan are 
located in the periphery of the network. The total number of 
collaborates raised three folds from 23 to 69 in just five years. 
New collaborations have entered the network - Denmark, New 
Zealand, India in the same cluster close to the center; Russia, 
Bulgaria, Sweden, Jamaica, and Egypt are nearer to center 
then Finland, which is located in the periphery. Compared to 
the previous period, slightly increased network in the third 
sub-period from 69 to 84 resulted in new collaborations with 
countries. 

Figure 3. The most productive authors in each sub-sequence: 1999-2003 (upper left), 2004-2008 (upper right), 2009-2013 (lower left), 
2014-2019 (lower right).
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Table 3. Network measures of forestry in each sub-sequence.

1999-2003 2004-2008 2009-2013 2014-2019

Degree centrality 0.027 0.033 0.059 0.047

Betweenness 0.00098 0.067 0.117 0.104

Closeness 0.606 0.879 0.553 0.546

Clustering coefficient 0.284 0.221 0.265 0.301
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second sub-period affected the flow of information among 
authors, resulting in higher betweenness centrality. However, 
high closeness centrality coefficients indicated the over 50% 
of sub-networks within the whole network are connected. 
Besides, growth in the clustering coefficients in each period is 
an indication of the small-world phenomenon in the network 
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VOSviewer calculated the total strength of the co-
authorship link for each selected country with a threshold of 
one number of the article for each subsequence. For instance, 

Turkish researchers in the field of forestry collaborated 
with 23 countries during the first sub-period; in Figure 4, 
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New collaborations have entered the network - Denmark, New 
Zealand, India in the same cluster close to the center; Russia, 
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Table 3. Network measures of forestry in each sub-sequence.

1999-2003 2004-2008 2009-2013 2014-2019

Degree centrality 0.027 0.033 0.059 0.047

Betweenness 0.00098 0.067 0.117 0.104

Closeness 0.606 0.879 0.553 0.546

Clustering coefficient 0.284 0.221 0.265 0.301

The Network Structure of the Forestry Research as a Scientific Field in Turkey Between 1999 and 2019

https://www.seefor.eu SEEFOR 12(1): early view        7

Figure 4. Number of international collaborations with Turkey in each period from top to bottom: 1999-2003, 2004-2008, 2009-2013, 
2014-2019.
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For example, a broad spectrum of countries from the 
African continent, such as Botswana, Morocco, Algeria, and 
from the Middle East, such as Iran, Saudi Arabia and Lebanon, 
as well as Albania, Chile, The People’s Republic of China, 
Serbia, and, finally from central Asian countries (Kazakhstan, 
Azerbaijan) are new international collaborators, only a 
few to name. The highest collaborations in the last sub-
period reached 113 countries. It can be seen that there are 
candidates from almost each continent participating in the 
network collaboration (Figure 4). It can be conjectured that 
as scientific collaborations have increased, the number of 
publications has increased too. Therefore, there is a positive 
correlation between scientists’ collaboration and growth in 
publications internationally and locally.

DISCUSSION 

According to Giannetti et al. (2016), the total number 
of scientific papers of forestry research employs 0.06% of 
the whole scholarly publications worldwide. Measuring 
research strength is considered essential for a modern 
country’s ongoing innovative and competitive capacity at the 
global level. A country’s success in science, technology, and 
research determines its ability to compete for increasingly 
mobile resources and investment capital and to participate 
in global knowledge-sharing networks (Anonymous 2006). 
In this context, it can be say that in forestry, being one of 
the scientific fields, scholarly communication has been 
booming since 1999 in Turkey. WoS’s retrieved data revealed 
that international collaboration in co-authorship is a fast-
growing research activity in forestry as a research field in 
Turkey (Figure 3). To start with, 23 countries with a minimum 
of one co-authorship on an article raised to 113 countries in 
2014-2019 in Turkey. The growth in scientific collaboration 
has increased in the past decade. According to Elsevier 
(2013), the rate of co-authorship among different countries 
increased from 14% in 2003 to 17% in 2011. Especially, 
during the third period (2009-2013), Turkey's development 
of more intensive cooperation with countries from Central 
Asia, Middle East and Africa also affected the cooperation 
in academic publications. Furthermore, after the 2010s, 
young researchers with language competence who have 
completed their master’s and doctorate studies abroad, 
especially in the USA and the UK, have returned to Turkey 
and achieved momentum both in producing international 
publications and in developing international cooperation 
(Cetinsaya 2014). Geographical proximity is not an obstacle 
to collaborative studies among scientists. According to WoS, 
the number of scientific publications has increased steadily; 
the number of average citations has gradually shrunk in each 
sub-period. However, the overall citations have increased 
from 1999 to 2019. Nevertheless, further studies are needed 
to determine the extent to which the cited articles are either 
purely local or international. Topical analysis using co-word 
analysis indicated that cognitive development started with 
biomass at the beginning, and eventually changed to remote 
sensing, biodiversity and climate change in the second and 
third sub-sequence, and to climate change in each sub-
sequence.

Properties of the network structure of scholarly 
forestry papers authored by Turkish scientists between 
1999 and 2019 indicate that the degree of collaboration 
at the international levels gradually increased in each 
period (Figure 4). The number of nodes in the network has 
increased steadily in the second and third period (1999-
2003, 2004-2008), yet the network is not well connected. 
The centrality coefficients of the network structure revealed 
that sub-clusters within the social network structure are 
more connected at the micro-level than that at the macro 
level. The betweenness coefficients’ centrality remained 
low in each sub-period, whereas the closeness centrality 
increased in each period. The closeness centrality stayed 
above almost 50% in all sub-periods, which is an indication 
of the small-world phenomenon in the network structure. 
There was a 90% increase in the number of publications 
compared to the third period (2009-2013). The increasing 
number of publications in the fourth sub-period (2014-
2019) shows the concrete repercussions of the academic 
incentive application implemented in 2016 by Higher 
Education Council (YÖK) and changes in academic upgrade 
criteria made by the Inter-University Council (UAK). 

CONCLUSIONS

The results are of major importance for determining 
Turkey’s higher education strategies in the field of forestry, 
quality management and key indicators. In addition, the 
research findings can be used by policymakers regarding 
future investments in forestry development. 

Appendix A
Terms mentioned below were extracted from CAB Thesaurus 

within Forestry Compendium, a comprehensive, encyclopaedic 
resource for forestry information. The co-author, an expert in 
forestry, reviewed and selected the words finally for correctness. 

"agroforestry" OR "community forestry" OR "farm forestry" 
OR "forest policy" OR "private forestry" OR "seed orchards" 
OR "silviculture" OR "social forestry" OR "urban forestry" OR 
"afforestation" OR "amelioration of forest sites" OR "amenity 
forests" OR "amenity value of forests" OR "artificial regeneration" 
OR "controlled burning" OR "coppicing" OR "degraded forests" OR 
"demonstration forests" OR "dendrochronology" OR "disturbed 
forests" OR "farm woodlands" OR "felling" OR "fire detection" OR 
"fire prevention" OR "fire suppression" OR "forest administration" 
OR "forest economics" OR "forest inventories" OR "forest 
management" OR "forest plantations" OR "forest products" OR 
"forest railways" OR "forest taxation" OR "forestry development" OR 
"forestry engineering" OR "forestry law" OR "forestry machinery" 
OR "forestry practices" OR "forestry workers" OR "forests" OR "fuel 
appraisals" OR "fuel plantations" OR "increment" OR "irrigated 
stands" OR "linear plantations" OR "logging" OR "mensuration" 
OR "national forests" OR "pollarding" OR "primary sector" OR 
"protection forests" OR "protection of forests" OR "pulpwood 
production" OR "reserved forests" OR "selection forests" OR 
"silvicultural systems" OR "stand improvement" OR "state forests" 
OR "stumpage value" OR "wood") “forest ecosystem" OR "forest 
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Abramo G, D’angelo CA, 2014. Assessing national strengths and 
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Anonymous, 2006. The state of science & technology in Canada. 
The Committee on the State of Science & Technology in Canada, 
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online: https://cca-reports.ca/wp-content/uploads/2018/10/The-
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