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Abstract
Background: Hydrogeology education has been inserted into undergraduate geology education. In fact, since the early 1990s, postgraduate programs in Indonesia have been established specifically to study hydrogeology and its applications. We conducted a bibliometric review to identify advances in hydrogeological research using isotopes. 
Methods: A total of 68 research articles using isotopes in various regions in Indonesia were extracted from the Scopus database. The corpus data were analyzed statistically with Orange Data Mining and bibliometrically with Vosviewer. We analyzed the relationship of authorship and keyword text mining to identify research groups, research funding flows, and the intensity of research collaboration that has occurred. 
Conclusion: We found that although the majority of research funding comes from the Government of Indonesia, there are many foreign research funders who fund research in Indonesia. There are more researchers using isotopes for research on tectonics and volcanology. Various countries from Asia, Europe, America and Africa have collaborated with Indonesian researchers using various types of isotopes. Hydrogeological and environmental isotope research itself is still minimal. This may be related to research that is still focused on natural disasters.  
Introduction
Although a formal tertiary education in hydrogeology was started in Institut Teknologi Bandung (ITB) back in the early 1990s, it’s noted that one of the first field excursions in 1920 was to observe groundwater well in Bandung1. Since 1993, there have been more than 200 graduates from the graduate program in hydrogeology. Since 2007, all options in hydrogeology or groundwater studies in ITB have been merged to form the Master Program of Hydrogeology.
In this paper we explore the state of hydrogeological research using isotopes in Indonesia, based on the available scholarly documents using major database and open source tools.  
Materials and Methods
We used Scopus scientific databases for this study. Scopus is a commercial database owned by Elsevier, which covers 77 million documents in 20172. The database has been widely used as standard of research quality by Indonesia3. Scopus lists scientific documents in the form of articles, proceedings, reviews etc that are mainly written in English. The access to Scopus was provided by Institut Teknologi Bandung. 
We analyzed the corpus using:
· Orange Data Mining4, a Python-based open source statistical package created by Bioinformatics Lab at University of Ljubljana, Slovenia, and 
· Vosviewer, an open source bibliometric visualization app from CTNW Leiden. We used the software to extract the main research themes. The Vosviewer feature used is co-authorship and text mining visualization. Procedures are displayed as Powerpoint slides and uploaded in the data repository (link). 

Results and Discussions 
We analyze the main research themes related to the use of isotopes. Hydrogeological research using isotopes increased sharply in the 1990s (Figure 1). It is estimated that this is related to the flow of Indonesian researchers who completed their education abroad, especially in France and Germany. 
Another cause is the increasing intensity of research and higher education funding, both through national funds through the Ministry of Research and Higher Education (currently divided into two ministries: the Ministry of Education and Culture and the National Research and Innovation Agency of the Republic of Indonesia) as well as grants from foreign institutions.
Most research funders are from Indonesia, especially from the Ministry of Education and Culture and several major universities such as the Bandung Institute of Technology, Padjadjaran University and the University of Indonesia, and several state research institutions such as BATAN and LIPI. The majority of research in Indonesia is funded by the government. Other research funding comes from Japan through the Japanese Ministry of Education, universities such as Kumamoto University, and associations such as the Japan Society for the Promotion of Science (Figure 2).
[bookmark: _99aur67vvv4l]The research collaboration here is described through authorship at author, organization, and country level, and text mining on keywords. We used Vosviewer for visualizations. 
The authors come from 20 countries from six continents. This reflects the collaboration that occurs among researchers. Researchers from Indonesia still dominate, followed by Japan, the United States, and European countries. Researchers from China are ranked 8th. The least is cooperation with researchers from Africa. This situation shows that cooperation among Asian countries is more and more strengthened. Collaboration with countries on the African continent is also starting to appear (Figure 3a and Figure 3b).
[bookmark: _kacjhuyn4vny]
Of the 261 authors (Figure 4a and 4b) coming from 197 institutions (Figure 5a), only 51 coming from eight research institutions have strong relationships (Figure 5b). Those eight institutions are based in Japan and Indonesia. Figure 6 presents most collaborations by country. 
Although isotope technology has developed rapidly, research on water, climate, and life sciences using isotopes in Indonesia is still far behind compared to research on tectonics, volcanology, and geophysics in general. More research funding flows for research themes of physics and chemistry than research on water and life sciences. This could be because research on water, climate, and life sciences requires a longer period of observation and development. 
Figure 4a below shows the dominance of research on tectonic and volcanology conducted by several research groups. It is described in more detail in Figure 4b. Research on hydrology, including groundwater, surface water, climate and life sciences, is lagging behind. However, it should be realized that the Scopus database is exclusive, not all works especially those written in non-English languages are listed in it. 
[bookmark: _5efrhecwfjf8]From 68 articles, 847 keywords were extracted from the title, abstract, and keywords. We picked up the keywords used in three or more different articles. There are 90 keywords, which are classified into four clusters. Each cluster describes a research theme (Figure 7). 
We got four themes, each in blue, yellow, red, and green (clockwise). The blue theme is research related to paleoclimate, organic matter, carbon, and biogeochemistry. The yellow theme includes research related to tectonics, plate movement, petrology, and geochemistry. Research on volcanology, petrology, and petrography are highlighted in red. Then the green color contains research on geothermal, environment, groundwater, and surface water. This result is in line with the researchers' focus on the previous images.   
1 Conclusions
From this bibliometric study, it can be seen that research on groundwater or the fields of hydrogeology and environmental science in general is still not outstanding, when compared to other fields of science. It could be that the focus of research funders is to fund research directly related to geological natural disasters and mapping of mineral reserves5. Research on tectonics and volcanology will be closely related to the prediction of earthquakes and volcanic eruptions, which are research priorities in many countries. 
Research on water and the environment also needs to get a sufficient portion of attention, considering that various current disasters are also closely related to the quantity and quality of water, such as floods and water pollution. Water accessibility which has been declared as one of the Sustainable Development Goals is one of the targets that need to be considered together for the benefit of the people. 
[bookmark: 7jxd8epy16w][bookmark: mk5ehxc4qw3v][bookmark: x59jfejy4sqh][bookmark: 9p64d2isvm2r][bookmark: si3wf1gln5yq]The flow of research funds from foreign institutions to solve natural problems in Indonesia needs to be maintained so that it does not become "helicopter research" which places Indonesian researchers only on paper or does not involve them at all678. The current nature of research that highlights Diversity, Equity, and Inclusivity (DEI) is expected to make collaboration more fluid and benefit all stakeholders involved910. 
The current environmental isotope measurement technique has been very advanced and needs to be supported by the provision of evenly distributed test equipment, not only in universities located on the three main islands (Sumatra, Java and Bali) only. This will make isotope testing faster, more precise, and less expensive.
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Table 1 Search strategies
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	Links
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	Results
	Search dates

	Scopus
	Scopus.com
	In title “isotope” AND in title “Indonesia” 
	[bookmark: wric49k6adnj]Yes11
	To search for articles written in English
	68
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Figure 1 Distribution of published paper by year
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Figure 2 Distribution of research funders based on continents
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Figure 3a Distribution of authors based on countries
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Figure 3b Distribution of authors based on continents
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Figure 4a Co-authorship based on researchers
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Figure 4b The strongest co-authorship based on researchers
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Figure 5a Co-authorship based on research organizations (affiliations)
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Figure 5b Co-authorship with the strongest collaboration based on research organizations (affiliations)
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Figure 6 Co-authorship with the strongest collaboration based on nationality and continent
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Figure 7 Research themes mapping based on keyword analysis

Conflict of Interest
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Author Contributions
Dasapta Erwin Irawan: conceive the ideas, data collecting, drafting the manuscript 
Yunuarti Ulfa: data collecting, drafting the manuscript
Rusmawan Suwarman: drafting the manuscript
Edy Riawan; drafting the manuscript
Irwan Iskandar: drafting the manuscript
Thomas Triadi Putranto: drafting the manuscript
Hari Siswoyo: drafting the manuscript
Vinca Pascalia: data cleaning, drafting the manuscript
Funding
This research was funded by Institut Teknologi Bandung under the P2MI Grant Fiscal Year 2021. 
Acknowledgments
We thank the feedback from Prof. Hutasoit dan Prof. Puradimaja from Applied Geology Research Group, and The Dean of Faculty of Earth Sciences and Technology, Institut Teknologi Bandung.
Data Availability Statement
The datasets GENERATED AND ANALYZED for this study can be found in the FIGSHARE REPOSITORY. DOI: https://doi.org/10.6084/m9.figshare.14864895.v3. 

This is a provisional file, not the final typeset article
4

3

image1.png
Frequency

26

24

22

20

18

16

1

2

10

980

950

2000

Year

2010

2020




image2.png
uolepuUNO4 92UBIDS [euolieN B
uoniepuno4 309y ‘W ‘M

Ausianiun 199N

1921}d 021uUsI) 0INASU| B
A101SIH |BINIEN JO WN3SN|A UBDLIBWY

epeue) Jo [1ouno) yoleasay Bulesuibul pue seousios |einieN

19peIsdeysualap

uoneonp3 JaybiH pue ydleasay ul uonesadoo) [eUOlBUISIU| 10} UOEPUNOS YSIPAMS
9ouel|ly SOISAyd Se1ISISAIUN YS1100S

puejaJ| uoiepuno4 aduslds

NeoziapuQ Nijeddeyosuaiap J0oA anesiuebiQ aspuellopsaN

|1oUN0) Yoieasay JuswuoliAug [einieN

2J11ua) yoleasay 943 |euoneN

SIDAIUN,| BP SOIUSIOS SO [BUONKEU JNISU| B
awuwelboid yiomaweld 0Z0Z UozIIOH

saiBojouyos] S8 18 ainieN e| Ins aydJeyoay .| ap SI009gaNyd Spuo4
|1oUN0) yoleasay ueadoiny

pueja| asudiaug

1suaIpyosnelsny Jayosiwapeyy Jayosinag

ayoJayoay e| ap ajeuoneN aouaby

14eyosutewabsBunydsio4 ayosinaQg

apiejdpy 4o Ausianun

Ayisianun uimieq ssjeyd

Ays1anlun |euoneN ueljessny

|IDUN0Y Yoleasay ueljesysny

Funding sponsor

slapuny ueisauopu| Jaylo
ueselpelped seusianun

eISOUOPU| SB)ISIBAIUN

ain}eN pue AjuewnH 1o} 81n}isu| yoieasay

Ayisianun oyowewny

1B6uI] ueyjipIpuad uep 16ojouxa] ‘1osIy UellajuaWaY
ABojouyda] pue adualdS Yue3-aule 10y Aouaby ueder
Bunpueg i16ojouxa] 1Sl

Aaning |eaiBoj089 eulyd

|euoiseN JinN ebeus) uepeg B
uolepuno4 abueyox3 uelsauOpU| UedlBWY

Juswdojare a|qeulelsns Joj diysiaupied yoieasay ABojouyos) pue adusdsg

92UIN0Id NOYZING JO UOEPUNOS 80USIOS [BINJEN

BUIYD JO UOIIEPUNO 90USIOS [BJNIEN [BUONEN

ABojouyds] pue 92ua10S ‘suods ‘ainynd ‘uoneonp3 jo AnsiuN

Kouaby ABojouyos] pue adualds ueder

ARouaby uonesadoo) |euoneussiu| ueder

$30U3IS JO AWapedy asauly)

90UBIOS JO UOIOWOId dy} 10} A}8100S ueder

eolBWY YINos

ed1IBWY YION

adoung

ellensny

eisy

Continents




image3.png
26

24

22

20

18

16

Frequency
S

N
N

10

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Indo... Japan USA France Austr.. Ger.. Engl... Peop... Neth... Switz... Cana... Swe... Peop... Ireland Unite... Italy Repu... Russia Scotl... Africa
Country




image4.png
Frequency

50

40

w
o

20

10

1
Asia

1
Europe

North America

Continents

Australia

1
Europe and Asia

1
Africa




image5.png
Geophysics,
mining

bijaksana s.
chengy.

: geyh m.a.
anggayana k de deckker p.
umar e.p.
Tectonics, cosekit Life sciences
volcanology pichler t.
weiss w.
foden j.d.
Climate

Groundwater,
hydrogeology

friehauf k. Tectonics,

/volcanology
gerbe m.-c.

Life sciences

abdillah a. renemaw.

evans m.n. domon y.

< jezek p.a.
Life sciences,

imai aenvironmental

More detail in the )
figure b below dijka.e.v.




image6.png
sharp z.d.

Tectonics, clofil.e
volcanology, f‘“'.h?’.'fo . Tectonics, volcanology
El .
lakes jaffela.

g kel

hammerschmidt k.

@ . hoogewerff j.a gaspatongp.
AT bergen m.j. ) _%i
schoetiberg r. vrc.a.z. Tectonics, daic@nip, . ge%dur(‘mﬁn g
nel@o dehoog jem. volcanology, sy
geothermal hgady hk.
i s.p.

|davigs'g.r.
iizda t.
Tectonics, volcanology





image7.png
department of earth sciences, department ofigarth and planet

department ofigarth and planet centre de rech@ghes pétrograp
department of earth sciences,

center for isotopes and radiat
department of chemistry, facul

batan .
o department of terrestrial magn

center for isotopes and radiat

dept. of earth.and planetary s university of ‘ese academy

independent arghaeologist, bal

geological engineering departm the departmentf anthropology

agency for the.sessment and

department of urban management . department of earth resources

department o.th resources

département des sciences de la
o department of earth sciences,

agency for the(@@sessment and
division of eatth and planetar

department of urban management

department ofigeochemistry, ut department of agricultural che

center for vold@ology and geo

department of geology and geoc fluids and volatiles laborator

faculty of ea. and life scie

centre for tectonics, research

department rth sciences, i - . .
P o= department offgarth sciences, department ofimining engineeri ) )
o department of geological engin
center for nuclear fuel techno
faculty of civiland environme faculty of earth sciences, uni

department of earth and enviro
faculty of international resou

centre for marine studies, uni center for mineral, coal and g

center for groundwater and env
department of earth and marine




image8.png




image9.png
taiwan

germany

canada
European el

au’lia
Australian

denmark SWittland

§ russian federation

unit ates

/ American

soutl‘%i/ca
African





image10.png
Paleoclimate, carbon, organic,
biogeochemistry

carbon(isotopes

Tectonics, petrology,
geochemistry

malay arghipelago eurasia

magma

asia eastjava
carbonjisotope " oxygenisotopes =He indonesian seas

ean 8

%
igneous geochemistry ®

>
southeast asia

ope sun’.arc

A 5 ba? arc
X f hafaium
... subduction zone

vegetation oxyg!
paleoglimate AN

carpon

biogeochemistry

o e'ﬁithe "

!
<

‘;volca‘m‘ck s
X S

contamination

B lOI’e

sJﬂFﬂ‘ e Re—
} S X co%er = s
/V >

lesser sufiga islands —trace element

is“pe 7
—

v,
grou ndwa"mesou rces

Volcanology,
petrology,

etrograph
Geothermal, environmental, P graphy

groundwater, surface water

geether% s




