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ABSTRACT

Article History: Reservoirs are crucial for agriculture and energy generation, and scientists are exploring ways to increase
their capacity, reduce water losses, and monitor changes due to hydrodynamic processes. Currently,
hydrodynamic processes in reservoirs are studied using physical and mathematical models. This study used
bibliometric analyses to investigate the importance of water reservoirs. Data from 2000 to 2023, sourced from
the Web of Science database, were analyzed using the keywords "Reservoirs", "Dynamics”, and "Sediment".
The analysis of 205 publication revealed that 82% of publications were scientific articles, and there is a
positive trend with a correlation of 86%. The top 10 authors contributed approximately 20% of the
publications. Chinese scientific organizations conduct numerous studies on hydrodynamics and
sedimentation processes in reservoirs. The Chinese Academy of Sciences was the top institution, with 15
records. The study of water bodies through modeling in a climate change context has become increasingly
popular. Water Resources Research is the leading journal for publishing research on reservoir flow dynamics
and sedimentation processes. The study of water bodies through modeling in the context of climate change
has become increasingly popular. The study used bibliometric tools to analyze the co-occurrence of authors,
keywords, thematic evolution, and interrelationships. The results revealed four key research areas: sediment
and its transportation, reservoirs, and dynamics. Results also show that almost 50% of articles focus on
various models used to study sediment movement in reservoirs, including numerical, mathematical, and
hydrodynamic models. Finally, bibliometric analysis of water reservoirs shows numerical, mathematical, and
hydrodynamic modeling of flow dynamics and sedimentation of reservoirs are expected to remain dominant
in the upcoming decade.
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flow formation, there are still many unsolved problems in the mechanism
of the occurrence of many phenomena and the flow distribution laws
(Warsa and Astuti, 2025). Scientists have always been searching for
solutions to these problems.

1. INTRODUCTION

One of the main ways to regulate river flow is to build reservoirs.
Reservoirs play an important role in providing water for agriculture and
generating energy (Olsson etal., 2008; Busker etal., 2019; Ikramova, 2021;
P.0, H.O, and D.D, 2019). The need for water is continuously rising due to
population growth, industrial expansion, and the increasing intensity of

A thorough understanding of open channel flow is essential for addressing
various hydraulic engineering issues, including hydrodynamic processes,

agriculture. Ensuring the sustainable management of water resources is
becoming a top environmental priority for the nations (Zouabi-Aloui et al.,
2015). Therefore, today, scientists are looking for ways to increase the
capacity of reservoirs, reduce water losses in reservoirs, and constantly
monitor changes in reservoirs due to hydrodynamic processes (Ikramova,
2016; Gelda and Effler, 2007).

The dynamics of water movement in reservoirs is related to the direction
of flow, the occurrence of flow velocity, pressure gradient, and frictional
forces. As a result of the deformation process, the movement of bed load
and suspended load and their transportation, the process of erosion and
silting, the erosion of the reservoir bowl, and the formation of banks are
observed (Olsson et al.,, 2008). Despite the development of the theory of

like reservoir erosion and sedimentation. The dynamic processes that
occur as a result of flow spreading in the reservoir area depend on the
morphological characteristics of the reservoir, that is, the slope of the
reservoir boundary, depth, intensity of water exchange, etc (Zhao et al,,
2023). These issues can arise in both natural water bodies like rivers, lakes,
and estuaries as well as in man-made structures like dam reservoirs,
spillways, and weirs (Zieminska-Stolarska et al, 2015). Since
hydrodynamics is a complicated field, modeling water bodies has become
increasingly popular in recent years (J. Li, Qi, and Fuhrman, 2019). To date,
hydrodynamic processes in the reservoir have been studied using physical
and mathematical models. Since the creation of a physical model of a
reservoir and conducting applied laboratory research in it leads to
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financial difficulties, the use of mathematical models is widespread today.
Extending the domains in specialized study helps to find the overall picture
of completed issues. Bibliometrics, scientometrics, and informetrics are
examples of metrics research. All of this research sought to get a
knowledge of the dynamics of disciplines as represented in their literature
(Hood and Concepcion, 2001; Yang etal., 2020). Bibliometric analysis is a
useful and convenient method for analyzing publications in a particular
field (Passas 2024; Yang et al., 2020). Rather than reviewing the scientific
literature, which uses quantitative and qualitative approaches and is often
subject to searcher bias, this quantitative method examines the metadata
of scientific publications (Kannazarova et al., 2024).

Bibliometric analyses of water reservoirs have been investigated by many
researchers due to their importance. For example, bibliometric analyses of
water resources carrying capacity were studied, the water and sediment
environment was investigated, current challenges in lakes and reservoirs
were learned by the researchers, hydrological models were conducted
and, ecohydrology in reservoirs and reservoir characterization were
researched by researchers (Yangetal, 2022; Ziyang Guo etal,, 2021; Long
Ho and -Peter Goethals, 2020; Fangling Qin et al., 2021; Apriniyadi et al.,
2023; Kai Peng et al., 2019). The objective of this research is to examine
existing knowledge on the scale of water reservoirs and identify the
scientific articles and research areas that have had the most impact on the
topic through a systematic review and predict the dynamic directions of
research.

2. METHODS AND MATERIALS

This study employs both keyword analysis and bibliometric analysis
methods. The data was sourced from the Web of Science, which covered
the years 2000 to 2023. This database was chosen because it has the most
complete collection of high-quality papers from reputable publications.

In the beginning phase of the study, to collect the data, we started the
research by searching for articles in the Web of Science database using the
keywords “Reservoirs” and “Dynamics”. In the “Preprocessing” step, the
search parameters were set to research articles, conference proceedings,
and book chapters published between 2000 and 2023. The result was 564.
Based on the functional tasks of reservoirs, subject areas were chosen as
water resources, environmental science, engineering, and agriculture
(Figure 1). The relevance of the articles to the research topic was reviewed
in the “Data cleaning” step. In this step, it was found that half of the data
was irrelevant to the topic. To ensure the relevance and accuracy of the
data to subject areas, the keyword "sediment” was added to the search line,
and 205 articles were selected for study.

In the middle phase of the study, the data sourced from Web of Science
were evaluated and categorized according to various aspects. These were:
annual number of publications that show a trend in the topic, list of top
authors who have been doing quantitive work on this field, top institutions
which are specialized in reservoir research, top countries trying to
increase the efficiency of water use, top cited publications that have been
the focus of academic communities, top cited journals over the past 23
years.
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Figure 1: Scheme of the methodology

In the final phase, using bibliometric tools, the co-occurrence of authors,
co-occurrence keywords, thematic evolution, and focus of countries and
institutions was analyzed to explore the knowledge components and
novelty of the research area based on the clusters of the most common
keywords in the literature. The VOSviewer software (version 1.6.17) and
Biblioshiny developed and have well-developed tools for research
mapping and bibliometric analysis, with a variety of analytical and
visualization capabilities (Aria and Cuccurullo, 2017). The maps created by
the VOSviewer are represented by nodes, and their size is proportional to
the number of documents they describe. The nodes are connected to each
other by links. The shorter the distance between the nodes, the more
closely the document qualities being analyzed are related to each other.

3. RESULTS AND DISCUSSION

3.1 Temporal trend in publication on water reservoir

The number and trends of publications over a selected period reflect the
significance of a field within the scientific community. The results indicate
that a total of 205 papers published between 2000 and 2023 addressed
issues related to reservoir flow dynamics and sedimentation. Various
subject clusters are present in the Web of Science database. Most of the
articles analyzed are categorized into five primary clusters: 34% are in
Water Resources, 31% in Environmental Science and Ecology, 22% in
Engineering, 7% in Marine and Freshwater Biology, and 6% in the
Geological cluster.

In general, the number of scientific works in this area shows a positive
trend with an 86% correlation. At the beginning of the current century, the
study of water bodies was not the focus of scientists. According to analysis,
almost 85% of the publications were published after 2013, and in 2022,
publications on “Reservoir flow dynamics and sedimentation” reached a
peak, accounting for 10% of the total publications (Figure 2).
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Figure 2: Trend in publications on reservoir research between 2000 and 2023

Moreover, our study shows that out of 205 papers, the largest number, 168 The top 10 authors (at least with three publications) are included in Figure
(82%), were research articles. This is followed by 40 (19.5%) proceeding 3. The top 10 authors have contributed approximately 20% of the
papers and 2 (1%) review articles, whereas there were only 0.5 % book publications. Authors Xu, Z.H., and Yang, Z.F. have the highest number of
chapters. publications, each with 6 (almost 6%), followed by Chung, S.W., and Yi, Y.J.,

each with 4, and Bouffard, D., Cai, Y.P., Chen, Y., Huang, L., Lin, B.L., and Luo,

3.2 Authors and their affiliated institutions
L.C., each with 3 research papers. Between these lists of top authors, almost

A total of 817 authors were identified during the analyses of publications. all top authors are related to Chinese research institutions.
Luo LC
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Figure 3: List of top 10 authors published on water reservoir
In terms of high-yield institutions, three hundred ninety different from China. The Chinese Academy of Sciences takes first place in the record
institutions cooperated to publish 205 papers related to reservoir flow (15 records), followed by Tsinghua University (9 records), Hohai
dynamics and sedimentation. Figure 4 shows the top 14 productive University (8 records), Wuhan University, Virginia Polytechnic Institute,
institutions with respect to the number of publications in the period of 23 and Beijing Normal University (each with 7 records).
years. The results indicate that almost half of the top 14 institutions are
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Figure 4: List of top institutions on water reservoir research
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3.3 Top countries on water reservoir research

Countries whose industries are directly linked to water resources are
paying great attention to hydrodynamics and sedimentation processes in
reservoirs. The most productive countries in the field of water reservoir

research between 2000 and 2023 are shown in Figure 5. China is leading
with 80 publications, followed by the United States with 51, Germany with
14, Canada with 9, France and South Korea with 8 each, and Australia,
Brazil, Poland, and Spain with 7 each (Figure 5).
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Figure 5: List of top countries on water reservoir

From the above, it is clear that, according to the analysis of the countries,
affiliated institutions, and authors, a large number of studies on
hydrodynamics and sedimentation processes in reservoirs are being
conducted by Chinese scientific organizations and communities. The
fundamental reason for this is the distribution of water resources in China
is very uneven, meaning southern China has many rivers, the northern
regions have fewer water resources, which poses problems for irrigation
and industry, and this forces China to find ways to use water resources
more efficiently (Yu et al,, 2023; Minghong, 2015). This could be due to the
country's numerous highly recognized research facilities and universities.

3.4 Top cited papers and journals on water reservoir research

Heated academic attention by the scientific community is determined by
counting citations. But a large number of citations do not always mean
heated attention. At the same time, the prestige of the journal also
determines the quality of the article. Table 1 presents scientific articles on
water reservoirs that have top academic attention, with the average annual
citation being more than 10. From the analysis of listed articles, it was
found that in recent years, the study of water bodies through modeling in
the context of climate change has become increasingly popular.

Table 1: List of top cited publications on water reservoir from 2000 to 2023
No Title Journal Corresponding PY TC Citation |Document
author per year type
1 High Resolution Modell.ng pf Rlver-Floodpl.am-Rese.:rvmr Inundation | Water Resources Shin, s. 2020 57 19.0 Article
Dynamics in the Mekong River Basin Research
) . . . Journal of
2 Long-term a.llteratlons .of flow regimes of the Mekong River and Hydrology- Binh, DV, 2020 56 18.7 Article
adaptation strategies for the Vietnamese Mekong Delta . .
Regional Studies
3 Effects _of local climate tamd hydr(?loglcal cond.ltlons on the tk.lermal Water Research Wang, S. 2012 153 13.9 Article
regime of a reservoir at Tropic of Cancer, in southern China
Effects of climate change on deep-water oxygen and winter mixing in
. . . Water Resources .
4. | adeep lake (Lake Geneva): Comparing observational findings and Research Schwefel, R. 2016 95 13.6 Article
modeling
Water pollution risk simulation and prediction in the main canal of Journal of .
5. the South-to-North Water Transfer Project Hydrology Tang, CH. 2014 | 120 133 Article
6. Impoundment Effects 9f t'he Three-Gorges-Dam on Flow Regimes in | Water Resources Lai, XJ. 2014 113 12.6 Article
Two China's Largest Freshwater Lakes Management
7 Is water shortage r¥sk .decreased at the expense of deFerloratmg Water Research Xu, ZH. 2019 43 108 Article
water quality in a large water supply reservoir?

The data presented in Table 1 and Figure 6 show that Water Resources
Research, with an impact factor of 5.240, is the leading journal for
publishing research on reservoir flow dynamics and sedimentation
processes. Therefore, the results of the analyses show that 205 papers
received 2874 citations in 85 journals. Figure 6 shows the top 10 journals

with more than 80 citations from publications between 2000 and 2023.
Almost 50% of citations for articles are in the top three journals: Water
Resources Research with 290 citations, Journal of Hydrology with 287, and
Water Research with 222 citations (Figure 6).
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Figure 6: Top cited journals on water reservoir

3.5 Analysis of co-authors and keywords

Co-authorship analysis in bibliometric research examines collaboration
processes among authors, organizations, and countries. It reveals patterns
and relationships between authors based on the number of co-published
publications. This analysis helps to identify collaborative relationships
between researchers, institutions, and countries, while also revealing who
is working together on scientific projects and publications and illuminating
the structure and development processes of these relationships. In this
study, based on the sourced data from the Web of Science, the VOSviewer
was used to create maps of co-authorship and co-occurrence of keywords.
A network of 817 authors emerged from the co-authorship analysis. And
authors with at least seven publications on the topic of reservoirs were
included. There are 64 items distributed over 22 clusters: cluster 1 (8
items), cluster 2 (7 items), cluster 3 (6 items), cluster 4 (5 items), cluster 5
(5 items), cluster 6 (4 items), cluster 7 (3 items), clusters 8 to 18 (2 items),
and clusters 19 to 22 (1 item) (Figure 7).
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Figure 7: A network map of top co-authors based on overall link strength

The analysis identifies co-occurring keywords from similar articles or
publications and measures the frequency and strength of relationships
between them. This process can be visualized through network maps,
where nodes represent keywords, and the connections between them
represent the co-occurrence of words. 1282 keywords were identified as a
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result of the analysis. Among these keywords, excluding keywords with
very low relevance and rarely used keywords (at least 45 repetitions of the
keyword are selected to strengthen their co-occurrence), 35 elements
were identified (Figure 8).
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Figure 8: A network map of the top keywords based on total link strength

Based on the overall link strength, each extracted keyword is mapped to a
node, creating a network map of all keywords. The importance of
keywords is reflected in the size of the node. However, its proximity to
other nodes indicates some related topics that occur frequently along with
the topics under study. Figure 8 shows the 4 most relevant keywords
during the studied period, which are sediment and its transportation,

reservoir, and dynamic. These keywords are divided into 35 elements in 4
clusters: The red, cluster 1, mainly presents processes occurring in the
reservoir (reservoir, dynamics, erosion, impact, quality, discharge,
reservoir, resuspension, sediment, sediments); the green, cluster 2, is
mainly focused on objects (dam, downstream, flow, impacts, nutrients,
simulation, suspended sediment, Three Gorges Reservoir, stagnation); the
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blue, cluster 3, is mainly focused on keywords related to reservoir
management (climate change, dams, hydrodynamics, management,
models, optimization, reservoirs, sediment, sediment transport, water);
and the yellow, cluster 4, includes the following: (flow, model, reservoir
sediment, river).

3.6 Thematic evolutions and interrelationship analysis

Thematic evolution helps researchers identify current and future research
directions in their research area. In this study, 23 years of publications
were examined in 4 stages (first 2000-2006, second 2007-2012, third
2013-2018, and fourth 2019-2023) (Figure 9). In the first stage, that is,

2000-2006 2007-2012

ju Imencalsimulatior
L

[keyirole

transport b -

{simulation

phosphorus

from 2000 to 2006, the topics of "water,” "simulation," and "dynamics"
were the most common. This indicates that during these years, researchers
mainly conducted scientific work on simulation dynamic processes in
water bodies. From analyzing the second five-year period, we can see that
researchers focus has changed significantly, but the topic "simulation”
from the first period remained dominant in the second period as well.
Compared to previous periods, significant thematic evolution had occurred
in the third stage. Surprisingly, even during this period, "simulation"
remained dominant. In the final stage (2019-2023), this stage can be called
the true thematic evolution stage. The number of topics increased
significantly during this phase.

2013-2018 2019-2023

simulation >

Figure 9: Thematic evolutions in years.

As can be seen from the graph above (Figure 9), it has almost tripled
compared to the first and second periods. During this period, scientific
publications were released on the following topics related to reservoirs:
sediment, suspended sediment, sediment transport, water quality, and
hydrodynamics. In all four stages analyzed above, it was observed that the
topics "sediment,” "dynamic," and "reservoir" were dominant. The

AU_CO AU_UN

anada

ted

ehilingbuk

interrelationships between countries, institutions, and their research
areas also confirmed that the topics "sediment," "dynamic,” and
"reservoir” are dominant (Figure 10). This indicates that these topics will
remain dominant in the upcoming decade.
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Figure 10: Interrelationship analysis: focus of countries and institutions

The objective of this research was to examine existing knowledge on the
scale of water reservoirs and identify research areas that have had the
most impact on the topic. As a result of the above analysis, we can say that
the most studied topics in research on reservoirs are sediment transport,
dynamics, and simulation. As a result of studying the articles, it became
known that special attention was paid to various models used to study the
movement of sediments in reservoirs according to reservoir
hydrodynamics. Many studies have used various models to understand the
basic concepts and theories related to sediment movement and
hydrodynamics in reservoirs. For example, Zhen-Gang Ji, Michael R.
Morton, and John H. Hamrick developed a 3D hydrodynamic and water
quality model in their research and applied it to Tenkiller Lake, Oklahoma
(Ji et al., 2004). The research conducted by Mircea Visescu, studied the
need and possibilities of sediment transport modeling using an advanced
hydroinformatics tool (Visescu et al., 2016). MIKE 11 was used by DHI
software, HD, and the ST module for modeling. The sediment movement
model and a 3D hydrodynamic model were developed to study sediment
movement in the reservoir, according to a study by Xinchen Wang (Wang
etal, 2020).

In general, the work focuses on modeling with special emphasis on
sediments in water bodies. When we read and analyzed these articles, it
became clear that different models were used. Almost 50% of them are
articles based on models such as numerical models, mathematical models,
hydrodynamic models, and other models (Table 2). In these articles, it is
possible to observe the reduction of the useful volume of reservoirs, the
movement of sediments in the reservoir, the erosion of its banks, the
influence of hydrodynamic forces, and the deterioration of the condition of
reservoirs.

Table 2: List of publications based on modeling
No. Name of models Count %
1. Mathematical models 15 7.3
2. Numerical models 24 11.7
3. Hydrodynamic models 42 20.5
4. Other models 20 9.7
5. Other topics 104 50.8
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The remaining approximately 50% of articles, or remaining 104 articles,
are on topics related to problems in reservoirs, such as Effects of sediment
on the dynamic pressure, Hydrodynamic changes, Hydrodynamic
characteristics and sediment transport, Water Transfer Redistributes
Sediment in reservoir, Two-dimensional simulation of reservoir (Du et al.,
2001; Bacchiega and Fattor, 2004; Jun et al, 2013; T. Li and Pasternack,
2022; Young et al., 2005).

4. CONCLUSION

Reservoirs are crucial for supplying water for agricultural purposes and
producing energy. Currently, researchers are exploring methods to
enhance reservoir capacity, minimize water loss, and continually observe
changes in reservoirs influenced by hydrodynamic processes. To date,
hydrodynamic processes in reservoirs have been examined through both
physical and mathematical modeling. Expanding the domains in
specialized research helps to find a general picture of the issues being
addressed. Bibliometric analysis of water bodies has been studied by many
researchers due to its importance. In this study, keyword analysis and
bibliometric analysis methods were used based on a three-stage
methodological approach.

In the beginning phase of the study, data was sourced from the Web of
Science database using the keywords “Reservoirs”, “Dynamics” and
additionally “Sediment”. 205 publications within subject areas like water
resources, environmental science, engineering, and agriculture were
uploaded between 2000 and 2023. In the middle phase of the study, the
data were categorized and analyzed according to various aspects.
According to the analysis, 82% of publications are scientific articles, and a
positive trend with a correlation of 86% is observed in the publication. The
top 10 authors have contributed approximately 20% of the publications.
The results indicate that almost half of the top 14 institutions are from
China; the Chinese Academy of Sciences” takes first place in the record (15
records). After the analysis by countries, it was established that numerous
studies on hydrodynamics and sedimentation processes in reservoirs are
being conducted by Chinese scientific organizations and communities.
From the analysis of the list of top-cited publications, it was found that in
recent years, the study of water bodies through modeling in the context of
climate change has become increasingly popular. Water Resources
Research is the leading journal for publishing research on reservoir flow
dynamics and sedimentation processes. Therefore, the results of the
analyses show that 205 papers received 2874 citations in 85 journals.
Figure 6 shows the top 10 journals with more than 80 citations from
publications between 2000 and 2023. Almost 50% of citations for articles
are in the top three journals: Water Resources Research, Journal of
Hydrology, and Water Research.

In the final phase, using bibliometric tools, the co-occurrence of authors,
co-occurrence keywords, thematic evolution, and interrelationship
analysis was done. VOSviewer, the result of keyword analysis, shows that
there are 4 of the most relevant keywords, which are sediment and its
transportation, reservoir, and dynamic. Thematic evolution and
interrelationship analysis also confirm that "sediment,” "dynamic," and
"reservoir” was Kkey research areas around the world. This indicates that
these topics will have remained dominant in the upcoming decade. As a
result of studying the articles, it became known that special attention was
paid to various models used to study the movement of sediments in
reservoirs. Almost 50% of them are articles based on models such as
numerical models, mathematical models, hydrodynamic models, and other
models.
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