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Abstract: Soil infiltration at the watershed scale is a crucial aspect of hydrological processes,
significantly impacting runoff, groundwater recharge, and ecosystem health. The research of soil
infiltration at the watershed scale using the Soil and Water Assessment Tool (SWAT) model has
garnered continuous attention from scholars, with a growing trend in publications overall. This
study selected 141 articles from the Web of Science (WOS) Core Collection database and conducted
bibliometric analysis using the CiteSpace visualization software to analyze the research hotspots
and trends in soil infiltration at the watershed scale using the SWAT model. The results indicated
that the research field is interdisciplinary. Journal of Hydrology and Hydrological Processes were two
of the most influential journals. Researchers and institutions from the United States, China, and
Ethiopia were the core contributors to this area. “Land use” and “climate change” were currently
the hotspots of interest in this field. There are three development trends: (1) The scale of research is
continuously expanding. (2)The research subjects are diversified, ranging from initially focusing on
agricultural watersheds to surrounding areas such as hillsides, grasslands, and forests. (3) The
research content becomes more systematic, emphasizing regional coordination and ecological
sustainability. Overall, the research on Soil Infiltration at the Watershed Scale Using the SWAT
Model presents a promising and thriving field. This study provides researchers with a framework
that objectively presents the research hotspots and trends in this area, offering valuable insights for
future scholars conducting research on soil infiltration at the watershed scale using the SWAT
model.

Keywords: soil Infiltration; watershed scale; SWAT model; bibliometric analysis; CiteSpace;
research hotspots and trends

1. Introduction

Soil infiltration is a crucial process in the hydrological cycle of terrestrial ecosystems, influencing
vegetation water balance, surface soil erosion, runoff, and groundwater recharge(Ilstedt et al., 2007;
Zhao et al, 2013; Sun et al., 2018). As urbanization progresses, soil infiltration rates decrease,
increasing surface runoff and disrupting watershed systems, further disrupting the balance of
ecosystems(Lammers et al., 2022; Walsh et al., 2005). Excessive soil infiltration rates and saturated
overland flow are predominant processes in many watersheds(Vieux, 2016). Identifying the impact
of runoff at the watershed scale is crucial for effective water resource management(Vafakhah et al.,
2019). Surface soil in watersheds can influence the redistribution of water and materials(Riza et al.,
2021) and plays a pivotal role in the hydrological response leading to runoff generation(Sarangi et
al., 2006). Therefore, understanding the dynamics of soil infiltration is crucial for effective watershed
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management and sustainable water resource utilization, Especially in the face of changing climatic
conditions and human-induced land use activities.

Existing watershed-scale soil infiltration models primarily include the Soil and Water
Assessment Tool (SWAT) (Desta and Lemma, 2017; Bosch et al., 2010), the Green-Ampt Theory
Model(Langhans et al., 2014; Farajalla and Vieux, 1995), the Horton Infiltration Model(Lammers et
al., 2022; Vafakhah et al., 2019), the Stormwater Management Model (SWMM) (Lammers et al., 2022),
the Gridded Surface Subsurface Hydrological Analysis (GSSHA) model(Downer and Ogden, 2004),
remote sensing and GIS(Starks et al., 2003), Revised Universal Soil Loss Equation (RUSLE)(Das et al.,
2021), etc. Among these models, SWAT is one of the most widely used internationally(Aloui et al.,
2023; Tan et al., 2020). SWAT is a continuous-time model that covers small watershed-to-basin
scales(Arnold et al., 1998). It predicts runoff based on soil and land use, incorporating a type of
infiltration-excess runoff(Hoang et al., 2017). The first version of SWAT was developed in 1993(Engel
et al., 1993). Subsequently, its functions and modules have been continuously expanded and
improved. Many flexible evolution versions of “SWAT+” have been created(Bieger et al., 2017).
SWAT+ has advantages over the traditional SWAT model in database management, connectivity,
aquifer boundaries, and other aspects(Yen et al, 2019). The SWAT model integrates various
hydrological and land use parameters to simulate runoff, sediment yield, nutrient transport, and
infiltration zoning(Rocha et al., 2012; Qi et al., 2020), enabling researchers to assess the effects of
different scenarios on soil infiltration and watershed hydrology. It has been proven to be a powerful
interdisciplinary modeling tool, capable of simulating various watershed problems(P. W. Gassman
et al.,, 2007; Gassman et al., 2014). Up to date, there have been some reviews on SWAT modeling on
extreme hydroclimatic events(Tan et al., 2020) and ecosystem services(Francesconi et al., 2016).
However, a lack of comprehensive integrated analysis of SWAT-related research on watershed-scale
soil infiltration exists. Given the importance of soil infiltration and the widespread use of the SWAT
model in hydrological research, it is necessary to conduct a comprehensive literature analysis of this
field to identify research hotspots, trends, and emerging topics.

Bibliometric analysis is a scientific research technique based on historical publication
information to identify relevant field hotspots and research trends(Wen et al., 2023). Currently,
several academic visualization bibliometric analysis tools are available, including CiteSpace(Chen,
2017), VOSviewer(Chen and Song, 2019), and Gephi(Chen et al., 2010). CiteSpace is a commonly used
information visualization analysis software, due to its user-friendly interface and clear visualization
capabilities(Jiang et al., 2017). The software can statistically analyze the overall situation in a research
field over a specified period, including topic focus, research institutions, major scholars, author
collaboration, and document coupling within the designated time range. It constructs knowledge
maps of a particular field, showcasing and analyzing the evolution trends, hot topics, and knowledge
associations of the discipline forefront through node size and network connectivity(Zhao and Zhang,
2023; Leal Filho et al., 2022). This advantage assists scholars in quickly understanding the relevant
status of the field and predicting future research directions. To comprehensively learn about past
research on “soil infiltration at the watershed scale using the SWAT model”, this study systematically
analyzed relevant literature in this field over the past 25 years using the CiteSpace software. To the
best of our knowledge, there have been few studies that utilize CiteSpace to analyze literature related
to soil infiltration at the watershed scale.

This study aimed to collect, analyze, and organize relevant literature in the research field using
the SWAT method to analyze soil infiltration at the watershed scale, with the intention of elucidating
(1) the development trends in research on soil infiltration at the watershed scale using the SWAT
method; (2) the influential authors, countries, institutions, and publications in the academic
community; and (3) the hotspots and future trends in this research field. This study aimed to provide
a scientific reference for future research on watershed-scale soil infiltration using the SWAT model.
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2. Methodology
2.1. Data Acquisition

In the current academic literature repository, the Web of Science(WOS) aggregates over 12,000
globally recognized high-impact scientific journals, making it a valuable dataset for global academic
intelligence(Wang et al., 2023). In this study, the data was retrieved on April 23, 2024, within the WOS
Core Collection database (with Science Citation Index Expanded only) from 1999 to 2023 and was
further refined to include articles published in English only(the earliest literature retrieved in this
field dates back to 1999 and due to the limited number of publications in 2024, they were excluded to
ensure the stability of the results). To ensure an exhaustive and focused search of relevant literature,
we employed a strategically formulated Boolean search algorithm: TS = ((“watershed” OR “river”
OR “stream”) AND “soil infiltration” AND “SWAT").

A total of 145 articles were retrieved. We checked and sorted them by topic relevance, removed
entries with minimal relevance, and ultimately screened 141 articles.

2.2. Bibliometric Analysis and Visualization

The primary research tool is the CiteSpace 6.3.R1 information visualization analysis software.
We operated removing duplicates in CiteSpace for the 141 screened documents, all 141 papers were
retained for in-depth analysis. The dataset was profiled in this software after a series of rigorous
adjustments, including setting thresholds, adjusting time zones(1999-2023), and selecting attributes.
A knowledge map of research areas in “soil infiltration at the watershed scale using the SWAT
model” was constructed and analyzed with authors, countries, institutions, journals co-citations, and
keywords as nodes. In the figures, nodes represent analytical entities (such as authors, countries,
institutions, etc.), depicted as concentric circles, with the color denoting the time of appearance. The
size of each node indicates the volume or frequency of publications. Lines connecting nodes represent
collaboration, co-occurrence, or co-citation between them, line color indicates the years of co-citation
and line thickness represents the frequency of interaction. Additionally, nodes with a purple outer
ring exhibit high centrality, indicating extensive connections with other nodes, and are identifiable
as key nodes.

The research workflow was schematized in Figure 1.
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Figure 1. Research stages and description.

3. Result and Discussion
3.1. Analysis of Publishing Trend

This study conducted a statistical analysis of the publication volume, as shown in Figure 2,
which revealed an overall upward trend in the research domain of soil permeability at the watershed
scale using the SWAT model over the past 25 years. This indicates the current prominence of this
domain among researchers. The SWAT model was first used in 1999 to analyze excess rainfall on
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basin-scale basins(King et al., 1999). Between 1999 and 2004, there was a temporary absence of new
research findings in this field. From 2005 to 2017, research in this field showed a stable growth trend,
with a total of 64 papers published, approximately 45% of the total literature. During this period, the
literature mainly focused on the fields of Water Resources (45 articles), Agriculture (19 articles),
Engineering (18 articles), and Environmental Sciences Ecology (16 articles). During the period from 2018
to 2021, a slight decline was observed. However, after 2021, there was a resurgence in publication
volume. Additionally, since 2018, there has been increased attention in the fields of Environmental
Sciences Ecology, Geology, Meteorology Atmospheric Sciences, and Biodiversity Conservation. This suggests
that scholars are increasingly concentrating on the relationship between this field and ecosystems.
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Figure 2. Volume of literature analyzing soil infiltration at the watershed scale using the SWAT model from 1999
to 2023 * The closer "R?" is to 1 in the graph, the more plausible the data i.

3.2. Analysis of Authors of the Articles

In CiteSpace, the g-index determines the number of nodes (articles, authors, countries, or
journals) displayed in network visualization. By adjusting the scaling factor K, the density of the
network can be controlled(Wang et al., 2023). In this study, after a series of experiments, we set k=20,
and the time slice was configured as 1, which enables the inclusion of nodes representing the most
influential authors.

The most prolific author in this field is Steenhuis, Tammo S., with a total of five articles. The
second authors are Easton, Zachary M., Fuka, Daniel R., Arnold, | G., Collick, Amy S., each with 4 articles.
By setting the note type to “author”, we generated a knowledge graph of the articles' authors (Figure
3). There are 287 nodes, 444 lines, and a network density of 0.0108. Each node represents an author,
and larger nodes represent a higher frequency of occurrence; The thicker lines represent a higher
degree of cooperation(Romero and Portillo-Salido, 2019). Figure 3 showed that the characteristics of
research teams in this field exhibit a state of slight concentration and significant dispersion, with
relatively weak inter-team connections.
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Figure 3. Collaborative authorship mapping, 1999-2023.

3.3. Analysis of Country and Institution

In CiteSpace, the network node types were set as “Country” and “Institution”, the time slice was
configured as 1, and the threshold was set at k=25. We conducted analyses of collaborative network
maps for 41 countries and institutional collaboration maps.

We enumerated the countries and journals demonstrating outstanding academic contributions
in this field, as shown in Table 1. Among the top five countries, there are three developed and two
developing nations. The United States has published the most published studies(72 articles), followed
by China, Ethiopia, Canada, and Germany. Based on Figure 4 (National collaboration mapping), it
can be observed that countries with different levels of development exhibit varying attitudes towards
collaboration in using the “SWAT” model for watershed soil infiltration analysis. Developed
countries typically have a positive attitude towards scientific collaboration in this field, supported by
a strong research foundation and substantial investment in collaborative research efforts. The United
States played an intermediary role in the national collaboration network, indicating deeper
collaborative relationships with other regions in this field and a significantly leading position. China
followed closely behind. Secondly, we identified that the top five institutions collectively published
61 articles (Table 1). Among them, four institutions are located in the United States. They are the
United States Department of Agriculture (USDA) (14 articles), Cornell University (9 articles), Agricultural
Research Service (6 articles), and Purdue University (6 articles). Additionally, two institutions are based
in China: Chinese Academy of Sciences (13 articles) and Beijing Normal University (7 articles). This
indicated that academic institutions in the United States hold a prominent position in researching soil
infiltration at the watershed scale using the SWAT model, followed by China. Bahir Dar University (6
articles) in Ethiopia is also one of the main contributing institutions. These research institutions have
formed relatively dense collaborative networks. While there are still a significant number of
institutions operating independently in their research endeavors(Figure 5).
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Figure 4. National collaborative mapping, 1999-2023. (Node size represents the number of publications that
originated from the country, and the purple rings and their thickness indicate high centrality).
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Figure 5. Institutional collaborative mapping, 1999-2023. (Node size represents the number of publications that
originated from the country, and the purple rings and their thickness indicate high centrality).

Table 1. Top 5 countries and institutions in the literature on soil infiltration in watersheds scale using the SWAT
model, 1999-2023.

Country ranking Institution ranking
Country Publications Institution Publications
, USA - . United States Department of 14
Agriculture (USDA)

2 China 35 2 Chinese Academy of Sciences 13
3  Ethiopia 12 3 Cornell University 9
4  Canada 10 4 Beijing Normal University 7
5 Germany 10 5 Agricultural Research Service 6

5 Purdue University 6

5 Bahir Dar University 6

3.4. Analysis of Journal Co-Citation

To provide an overview of the types of journals that have served the field of soil infiltration
research at the watershed scale using the SWAT model during the period 1999-2023, we conducted a
journal co-citation analysis(with threshold k=5, time slice=1) of the retrieved literature as
demonstrated in Figure 6. The majority of the cited journals have relatively high impact factors,
indicating a certain level of scholarly attention towards research related to watershed-scale soil
infiltration analysis using the SWAT model. This provides a theoretical foundation for further
scientific advancement in this field and its related research directions in the future. As shown in
Figure 6, the journal with the highest number of citations is the Journal of Hydrology (133), followed
by Hydrological Processes (115) and Journal of the American Water Resources Association (115). Moreover,
research in this field spans various disciplines including Earth science, environmental science,
agricultural and forestry science, ecology, soil science, water resources, and hydrological

management.
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Figure 6. Journal co-citation analysis mapping, 1999-2023. (Node size indicates the number of citations
originating from the journal, and the purple rings and their thickness indicate high centrality.).
3.5. Landmark Literature

Table 2 listed the top 10 articles and the main research contents ranked by citation count in the
Web of Science Core Collection database (with Science Citation Index Expanded only). The study by
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Mango et al. (2011) utilized the SWAT model to investigate the impact of land use and climate change
on hydrology in the upper Mara River Basin in Kenya. It has been cited 299 times, making it the most
cited paper in the research database. The paper proposed improvements in land management
practices to enhance soil infiltration and aquifer recharge, thereby better adapting to widespread
climate change. The papers by Easton et al. (2008) and J. G. Arnold et al. (2010) follow closely, cited
219 and 146 times, respectively. They revised and updated the traditional SWAT model to better
reflect the controls on infiltration, runoff, and groundwater flow.

Table 2. Top 10 articles based on global citation.

Reference Type Citations Main Content

The study proposed emphasizing further improvements in
Mango et al. land management practices to enhance soil infiltration and
Article 299
(2011) aquifer recharge, thereby better adapting to widespread
climate change.
The paper revised the definitions of curve number (CN) and
available soil water content in the traditional SWAT model,

constructing the SWAT-VSA new model. This novel model
Easton et al.

(2008) Article 219 improves the prediction of shallow groundwater depth and

runoff source distribution. Such advancements hold
significant importance for evaluating and guiding watershed
management practices.
This study enhanced the Soil and Water Assessment Tool
J. G. Arnold (SWAT) watershed model, to more accurately reflect the
Article 146
et al. (2010) complex controls on infiltration, runoff generation, and
surface and groundwater flow.
The paper incorporated the GAML excess rainfall method and
King et al. a sub-daily routing technique into the SWAT model to meet
Article 137
(1999) the need for other excess rainfall in agriculture-based
watershed-scale modeling.
The paper introduced the development and testing of a sub-
hourly rainfall-runoff model in SWAT. Statistical results
Jeong et al. indicate that the sub-hourly version of SWAT is a promising
Article 126
(2010) tool for hydrological and nonpoint source pollution
assessment, although further development is needed for
water quality modeling.
The paper calibrated and validated the SWAT model to study
the prioritization of watershed management in the Upper

Blue Nile River Basin in Ethiopia, and showed that cropland
Ayele et al.

(2017)

Article 108 alters surface infiltration and runoff characteristics as well as
the interaction of shallow water table and saturated excess
runoff, which in turn affects water and sediment transport

trajectories.
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The paper was based on the single reservoir baseflow
Luo et al. approach in the SWAT model to add a slow-reacting reservoir
Article 101
(2012) and apply it to the Manas River Basin in the Tianshan
Mountains, Northwest China.
The paper utilized the ARCSWAT model (a hydrological
model for agricultural water intervention) to simulate the

effects of various soil and water management interventions

Garg et al. ) ) ) o

2012) Article 94 compared to non-intervention scenarios in the Kothapally
watershed in India. It indicated that intervention measures
enhance soil infiltration and water retention capacity,
resulting in positive impacts on hydrology.

The paper highlights that in the headwaters of the Blue Nile
] in Ethiopia, the flow predicted using the new physically based
White et al.

2011) Article 93 water balance SWAT (SWAT-WB) was better than the original
CN-based SWAT (SWAT-CN), and its water balance
provided better results than CN.

The paper integrated the SWAT model with EnKF and a

watershed-scale semi-distributed hydrological model to

Han et al. Article o1 study how assimilating surface soil hydrological data affects
(2012) hydrological processes. It suggested that remote sensing

surface soil moisture measurements have the potential to be

applied in watershed-scale water resources management.

In research centered around the SWAT model, Jeong et al. (2010) developed a sub-hourly
rainfall-runoff model within SWAT for hydrological and nonpoint source pollution assessment. Luo
et al. (2012) introduced a slow-reacting reservoir baseflow method into the traditional SWAT model
to simulate flow processes. White et al. (2011) developed a new physically-based water balance
SWAT-WB model, which could provide better simulation results for water balance in specific areas
compared to the traditional SWAT-CN.

Additionally, King et al. (1999), Ayele et al. (2017), and Garg et al. (2012) applied the SWAT
method to watershed-scale modeling in agriculture, investigating surface infiltration and runoff
characteristics under agricultural land conditions. Han et al. (2012) proposed an analytical framework
that combined the SWAT model with Ensemble Kalman Filter (EnKF) and a watershed-scale semi-
distributed hydrological model to study how assimilating surface soil hydrological data affects
hydrological processes.

From the top ten most cited articles, we found that the SWAT model plays a crucial role in
analyzing watershed soil permeability. In the future, greater attention should be given to the
development and utilization of the SWAT model, as well as its integration with other models, to
better reflect processes such as soil permeability and runoff. This will enhance the protection,
development, utilization, and management of watersheds. Additionally, we conducted a statistical
analysis of the journals where the 141 selected papers were published and found that over 30% of the
papers came from the three journals: Journal of Hydrology(12%), Water(11%), and Hydrological
Processes(10%). This reflected the leading position of these three journals in the field.

3.6. Research Contents

3.6.1. Keyword Co-Occurrence Analysis

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Keywords represent the core themes of an article, with higher frequencies indicating the
prevailing research hotspots and focal points at that time(Huang et al., 2021). In the CiteSpace
analysis, the network node type is set as “keyword”, with time slice calibration set to 1 year, and the
threshold was set to k=20. Figure 7 showed the co-occurrence network of keywords in the research
field (1999-2023). The graph comprises 271 nodes and 999 lines, with a density of 0.0273. The size of
each node is proportional to the frequency of the corresponding keyword. The purple rings represent
nodes with high median centrality and its thickness reflects the centrality value. Table 3 lists the top
10 keywords based on frequency and intermediary centrality. The results indicate that the “SWAT
model” is the most frequently occurring keyword (36 times), followed by “runoff” (33 times), “soil”
(32 times), and “river basin”(30 times). The keyword with the highest intermediary centrality is
“catchment” (0.29), followed by “calibration” (0.27), suggesting that the focal point of research in this
field may lie in enhancing water and soil conservation capabilities. Furthermore, keywords such as
“climate change” and “infiltration” exhibit high occurrence frequencies and certain mediated
centrality, confirming that two themes should be focal points of attention in this field regardless of
the indicator used.
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Figure 7. Keyword co-occurrence network mapping, 1999-2023. (The node size indicates the frequency of

occurrence of the keyword, and the purple rings and their thickness indicate high centrality.).

Table 3. Keyword frequency table (sorted by keyword count and centrality).

Sorted by Keyword Count Sorted by Keyword Centrality
Keywords Count Centralit Keywords Count Centrality
y
1 swat model 36 0.11 1 catchment 20 0.29
2 runoff 33 0.06 2 calibration 24 0.27
3 soil 32 0.11 3 climate change 23 0.23
4 river basin 30 0.16 4 model 25 0.19
5 model 25 0.19 5 river basin 30 0.16
6 calibration 24 0.27 6 flow 14 0.13
7 climate change 23 0.23 7 swat model 36 0.11
8 catchment 20 0.29 8 soil 32 0.11
9 swat 19 0.08 8 land use 10 0.11
10 infiltration 17 0.07 10 assessment tool 12 0.09

3.6.2. Keywords with the Strongest Citation Bursts
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CiteSpace ranks prominently displayed keywords based on their burst strength, indicating the
significance of these research directions(Su and Lee, 2010). Setting y=0.54, we draw the keyword burst
detection graph for this field (Figure 8). The picture displayed the top 20 keywords along with their
strength, burst start time, and end time. The blue line represents time intervals, while the red line
represents the period when the use of the keyword increased significantly. To accurately analyze the
current status and development trends of the research field of “soil infiltration at the watershed scale
using the SWAT model”, we divided the entire research period into three stages.

Top 20 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 1999 - 2023
watershed modeling 2006 1.822006 2010
topographic index 2008 1.82008 2011
flow 2005 2452010 2013
surface runoff 2010 1762010 2011 -
sensitivity 2011 2392011 2014 —.

model 1999 4162014 2018
sensitivity analysis 2007 2782016 2017 ——
swat 2016 2492016 2017 -
water assessment tool 2016 2462016 2019 —
sediment yield 2016 1.982016 2017 —
soil and water assessment tool (swat) 2016 1.982016 2017 e
soil and water assessment tool 2016 1.982016 2017 P
variability 2017 2092017 2020 —
resources 2018 2552018 2019 —
land use 2013 2142018 2023 e —
impacts 2013 1972019 2021 e —
climate change 2010 1.912019 2023

water 2017 2712021 2023 e
uncertainty 2017 2712021 2023 o
river basin 2010 2592021 2023

Figure 8. Top 20 keywords with the strongest citation bursts.

From 1999 to 2004, the research was in an initial stage, and there was a period of research
stagnation between 2000 and 2004. The key term during this period was only “model”. Researchers
focused on the demand for modeling excessive rainfall at the watershed scale based on
agriculture(King et al., 1999). This period laid the foundation for subsequent studies on watershed-
scale modeling, providing a reference for future research articles.

From 2005 to 2017, the research was in a developmental stage, with a considerable amount of
studies and the emergence of numerous key terms, including “topographic index”, “flow”, and
“sensitivity”, being observed at high frequencies. During this stage, researchers primarily focused on
adjusting and updating the SWAT model to analyze hydrological components at the watershed scale,
simulate precipitation-runoff processes, and enhance control over infiltration, runoff, and
groundwater flow. In terms of study subjects, the focus was mainly on analyzing agricultural
watersheds(X. Wang et al., 2008; Migliaccio and Srivastava, 2007), watershed divides into hilly or
valley areas(]. G. Arnold et al., 2010), and grasslands or forest buffer zones around watersheds(Ma et
al., 2010; Bosch et al., 2010). Notably, Ma et al. (2010) proposed that “In the short and medium term,
changes in land cover have a greater impact on river water than climate change”.

From 2018-2023, the research was in a boom stage, “land use” and “climate change” garnered
widespread attention, and emergent terms have not yet ended. This suggests that these terms may
represent new topics and even the primary forefront of the field. The World Meteorological Organization
(WMO) released the WMO Statement on the State of the Global Climate in 2019, which highlighted that
2019 witnessed frequent and severe heatwaves, extreme weather events that affect the distribution of
rainfall, significantly impacting health, food security, and water security, as well as human
production, livelihoods, infrastructure, and biodiversity(WMO, 2020). The “global climate
indicators” encompass atmospheric components and energy changes due to the accumulation of
greenhouse gases and other factors and responses from land, oceans, and ice(WMO, 2020). The
United Nations” “World Water Development Report 2023” stated that ensuring water resources through
sustainable water management can mitigate the impacts of climate change and extreme
events(WWAP, 2023). At the same time, “climate change”(Tsvetkova and Randhir, 2019), “land use”
and “land cover” (Jin et al., 2019) significantly impact the hydrological balance of watershed systems.
Land use might have the potential to mitigate and adapt to the effects of climate change(Ross and
Randhir, 2022). Furthermore, changes in land use can affect hydrological elements, and proper land
use planning can ensure the sustainability of ecosystem services in watersheds(Khorn et al., 2022).
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Therefore, in future research, there should be an increased focus on the synergistic interactions
between “land use”, “climate change” and watershed systems to promote global hydrological cycles,
mitigate extreme weather events, and preserve biodiversity.

Analyzed the keywords with the strongest citation bursts, we found three main trends emerging
in the research field of “analyzing soil infiltration at the watershed scale using the SWAT model ”:
(1) The scale of research is continuously expanding. (2)The research subjects are diversified, ranging
from initially focusing on agricultural watersheds to surrounding areas such as hillsides, grasslands,
and forests. (3) The research content becomes more systematic, emphasizing regional coordination
and ecological sustainability. Therefore, in the context of climate change, it is necessary to further
explore the rational application of the SWAT model on watershed-scale soil infiltration and its

relationship with sustainable ecosystem development.

3.7. Limitations

Similar to other bibliometric studies, this study has some limitations. Firstly, all literature was
from the WOS core collection database(with Science Citation Index Expanded only), some
information or literature might be lost. Secondly, the terminology used in the literature search was
finite, the literature search phase could not identify all relevant studies on soil infiltration research at
the watershed scale based on the SWAT analysis method. Thirdly, this study analyzed publication
trends, countries, institutions, journals, authors, keywords, and the top ten cited articles; there may
exist some deficiencies regarding literature analysis and knowledge graph construction.
Nevertheless, the results of this study can provide a clear picture of the current status and trends in
the field of soil infiltration research at the watershed scale using the SAWT method. At the same time,
we hope that future studies can overcome these limitations and provide a more accurate and
comprehensive analysis of the literature in this field; we also hope that future studies can analyze the
relevant areas of soil infiltration from multiple perspectives to promote a good ecological
environment.

4. Conclusions

This bibliometric analysis analyzed the field of “Soil Infiltration at the Watershed Scale Using
the SWAT Model” based on publications from the WOS Core Collection(with Science Citation Index
Expanded only) database. We utilized CiteSpace software to analyze this field’s research status,
hotspots, and trends. This study revealed that the field of “soil infiltration at the watershed scale
using the SWAT model” has garnered widespread attention from scholars worldwide. Over time,
there have been a rising trend in the number of publications in this field. The research in this domain
was interdisciplinary, spanning various fields such as Earth science, environmental science,
agricultural science, and ecology. From the analysis of cited journals and the ranking of citation
frequency among the top ten articles, it was evident that Journal of Hydrology and Hydrological Processes
were the two most influential journals in this field. Scholars and research institutions from the United
States, China, and Ethiopia have made significant contributions to this field. Steenhuis, Tammo S. stood
out as a prolific and influential scholar. The current problem is that global research cooperation in
this field remains relatively low, emphasizing the urgent need to enhance collaboration among
scholars from different countries and institutions to advance the field. “Land use” and “climate
change” were currently the hotspots of interest in this field. There exhibited three developmental
trends: (1) The scale of research is continuously expanding. (2)The research subjects are diversified,
ranging from initially focusing on agricultural watersheds to surrounding areas such as hillsides,
grasslands, and forests. (3) The research content becomes more systematic, emphasizing regional
coordination and ecological sustainability. In the context of climate change, further exploration of the
relationship between the research field of “soil infiltration at the watershed scale using the SWAT
model” and ecosystems is warranted. Overall, this study provided a framework for new researchers
in the field of soil infiltration at the watershed scale using the SWAT model over the past 25 years.
This study provided an objective overview of the research hotspots and development trends in this
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field, offering valuable insights for future scholars interested in studying soil infiltration at the
watershed scale using the SWAT model.

Data Availability Statement: Data will be made available on request.
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