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Abstract

Using journal papers from 1986-2016 in the China National Knowledge Infras-
tructure (CNKI) Academic Journal Network Publishing Database and WEB
OF SCIENCE (WOS) as data sources, literature was retrieved using non-point
pollution, Diffused pollution, or non-point source pollution and Model as search
themes, yielding a total of 1,474 domestic and 1,046 foreign publications. Co-
word analysis methods were employed in combination with CiteSpace, SPSS,
and Bibexcel software to analyze the retrieval results, and Ucinet and NetDraw
software were used to generate co-word network visualizations. Based on the
processed results, a systematic review and analysis of research trends in non-
point source pollution models was conducted, examining the current status and
development of non-point source pollution model research from multiple perspec-
tives, including keywords, temporal distribution, publishing journals, authors,
highly cited articles, etc. On this basis, the research overview and hotspots
in the field of non-point source pollution models both domestically and interna-
tionally were analyzed, clarifying the exploratory directions for non-point source
pollution model research and providing a theoretical basis for future studies in
this area.
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Abstract

This study utilizes journal papers from the China National Knowledge Infras-
tructure (CNKI) and Web of Science (WOS) databases as data sources. Using
search terms including “non-point pollution,” “diffuse pollution,” “non-point
source pollution,” and “model,” we employed co-word analysis methods and
software tools including CiteSpace, SPSS, Bibexcel, Ucinet, and NetDraw to
analyze the retrieval results and map co-word network visualizations. Based on
the processed results, we systematically reviewed and analyzed research trends
in non-point source pollution models.

Non-point source pollution, also known as diffuse pollution, represents a major
societal challenge, with agricultural non-point source pollution contributing the
largest share. Excessive nitrogen and phosphorus emissions from agricultural
non-point sources are direct causes of water eutrophication. Non-point source
pollution is characterized by complex formation processes, wide distribution,
complex influencing factors, long incubation periods, and significant hazards,
making monitoring and management difficult. Due to the difficulty in calculat-
ing non-point source pollution loads, quantitative research on non-point source
pollution is particularly important, with modeling serving as a crucial method-

ology.

Co-word analysis, derived from citation coupling and co-citation analysis in bib-
liometrics, is widely used to reveal research themes and hotspots in a field, as well
as to explore the historical evolution and development trends of research topics.
Watershed-scale non-point source pollution mechanism models help managers
quantify pollution loads and rapidly identify critical source areas at the spatial
scale, becoming one of the most direct and effective approaches for studying
non-point source pollution.

Although research on non-point source pollution models in China has gradually
increased, few papers have used bibliometric methods to comprehensively under-
stand the research status and development process of non-point source pollution
models both domestically and internationally. This paper addresses this gap by
using literature from CNKI and WOS, applying co-word analysis combined with
relevant software to conduct a macro-level analysis of research hotspots and de-
velopment directions in non-point source pollution models, aiming to provide
direction for future research in this field.

Keywords: non-point source pollution, SWAT model, GIS, co-word analysis,
research hotspots
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1. Data Sources

This study uses the CNKI knowledge discovery network platform and the Web
of Science Core Collection as retrieval sources. Both databases contain extensive
collections of high-quality research papers and represent reliable data sources for
bibliometric analysis, forming the foundation of this study. Combined with co-
word analysis methods, we analyzed keywords from published articles and highly
cited papers to present the research overview, hotspots, and trends in the field
of non-point source pollution models using software including CiteSpace, SPSS,
Ucinet, and NetDraw.

Foreign Literature Analysis

1.1 Temporal Distribution of Foreign Publications on Non-Point
Source Pollution Models

Using the Web of Science Core Collection as the data source, we searched for
“Model” combined with “non-point pollution OR diffused pollution OR non-
point source pollution” with a specified time range. The search yielded a total
number of documents, with annual publication quantities shown in [Figure 1: see
original paper]|. The number of foreign articles on non-point source pollution
models reached two small peaks in 2014 and 2016, with publication numbers
indicating that as water environmental pollution becomes increasingly severe,
the damage caused by non-point source pollution to water environments has
received high attention, becoming a hot research topic.

Foreign research on non-point source pollution models has consistently main-
tained a high level, with occasional declines during the process. However, overall,
annual publication numbers have remained above a certain threshold, showing
an almost linear growth trend. Before a certain year, the count was zero. [Fig-
ure 1: see original paper] shows the distribution of foreign non-point source
pollution model literature, demonstrating that academic attention to non-point
source pollution models remains relatively high.

1.2 Keyword Frequency Analysis

Using the bibliometric analysis software Bibexcel, we counted keyword frequen-
cies. Since identical keywords may be expressed differently, we merged synony-
mous keywords. After removing the most frequent keyword “non-point source
pollution,” the remaining keywords reflect international research directions and
hotspots in non-point source pollution to a certain extent. We selected the top
high-frequency keywords for analysis.

” «

Research hotspots appear in “water quality,” “non-point source,” and “SWAT)”
with keyword frequencies exceeding certain thresholds, accounting for 30.96%
of all statistical keywords—far above the average level. This indicates relatively
specific research scope. SWAT model research accounts for 8.2% of statistical
keywords, significantly higher than other models, making it the hottest research
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model in non-point source pollution modeling due to its accurate and powerful
simulation capabilities and user-friendly features.

Keywords related to “Phosphorus,” “Nitrate,” and “Nitrogen”also show relatively
high frequencies, proving that non-point source pollution is closely related to
chemical elements, especially nutrients. This aligns with Guo Linlin’ s research
[14]. In the statistical keywords, nutrients such as nitrogen and phosphorus
are important elements causing water environmental pollution and are primary
causes of surface water eutrophication, remaining important research topics for
solving water quality issues.

Keywords related to agriculture and land use, such as “Agriculture” and “Land
use,” show relatively high average proportions, indicating that agricultural pro-
duction contributes significantly to non-point source pollution. Since agricul-
tural non-point source pollution has the largest contribution rate [15-16], re-
search on land use patterns and rational urban-rural layout will be key focus
areas in future non-point source pollution research. Mathematical models are
important tools for quantitatively describing and evaluating non-point source
pollution, and GIS technology can be integrated with mathematical models to
analyze the temporal and spatial distribution characteristics of non-point source
pollution, serving as an important tool in non-point source pollution research.

1.3 Keyword Visualization Analysis

Although the above keywords reflect research hotspots and directions in non-
point source pollution models to some extent, frequency alone cannot reveal
relationships between them. We paired high-frequency keywords and counted
their co-occurrence. To reduce the impact of keyword association on visual-
ization results, we used the Ochiai coefficient statistical index [17] with the
following formula:

Ochiai coefficient = (Co-occurrence frequency of words A and B) / /(Frequency
of word A x Frequency of word B)

Using Bibexcel software, we constructed a 30$x$30 co-word matrix and used
NetDraw and Ucinet software to generate keyword co-occurrence network visual-
izations. The network shows interwoven relationships among 30 high-frequency
keywords, where node size represents keyword centrality (larger nodes indicate
higher centrality), and connecting lines represent co-occurrence frequency be-
tween keyword pairs (thicker lines indicate higher frequency and closer relation-
ships) [13].

This interwoven network centers around high-frequency keywords such as “water
quality,” “Nitrogen,” “BMPs,” “Nitrate,” “SWAT,” and “Phosphorus,” forming the
core structure. This indicates that these are hot research directions in non-point
source pollution modeling, consistent with keyword frequency statistics. It also
demonstrates international emphasis on non-point source pollution issues and
model application in exploring solutions. Nutrients like phosphorus and nitrates
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remain important research topics, as eutrophication has become a significant
international concern, with researchers exploring best management practices

(BMPs).

[Figure 2: see original paper] shows the foreign keyword co-occurrence network
visualization.

1.4 Citation Frequency Analysis

Paper citation rate refers to the number of times a scientific paper is cited by
other literature, serving as a measure of a country’ s research recognition by
other nations or institutions. We selected the top 15 papers by average annual
citation frequency, compiling their publication journals, total citation frequency,
average annual citation frequency, and other metrics.

The paper with the highest average annual citation frequency is by Ongley,
Edwin D, published in ENVIRONMENTAL POLLUTION, which studied pol-
lution assessment in China. This paper summarizes methods for evaluating
non-point source pollution in China and research conditions for agricultural
non-point source pollution, with important reference value for studying pollu-
tion loads of key chemical elements in different Chinese watersheds. Its total
citation frequency is also relatively high.

JOURNAL OF HYDROLOGY published the most papers among the top 15,
representing a core force in international non-point source pollution research,
accounting for 26.67% of the statistical years. Research on non-point source
pollution models abroad had already reached relatively advanced levels before
a certain year.

shows the publication years and average annual citation frequencies of foreign
papers.

1.5 Keyword Clustering Analysis

Clustering analysis is a scientific and effective method for studying relation-
ships. When clustering high-frequency keywords, we used hierarchical cluster-
ing, treating each keyword as a separate class initially, then merging the closest
two classes repeatedly until all keywords were grouped into one class [18]. Based
on the 30$x$30 dissimilarity matrix constructed above, we performed cluster-
ing analysis using software to generate a clustering dendrogram [Figure 3: see
original paper].

Combined with relationships among non-point source pollution models, the 30
high-frequency keywords can be divided into several main clusters, with key-
words in each cluster shown in . The analysis reveals that: (1) one cluster
focuses on point and non-point source water pollution, especially severe eu-
trophication; (2) another cluster covers water pollution models and framework
directives, highlighting the seriousness of water pollution caused by non-point
sources and scholars’ attention to this issue; (3) a more complex cluster involves
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various non-point source pollution models and tools for analyzing their temporal
and spatial distribution characteristics.

To more clearly visualize keyword clusters, we used multidimensional scaling
analysis in statistical software to construct a multidimensional scaling visual-
ization map. The distribution of keywords from the same cluster in this map
is basically consistent with hierarchical clustering results, showing classification
patterns more intuitively.

shows the cluster division of foreign “non-point source pollution models.”

Domestic Literature Analysis

2.1 Temporal Distribution of Domestic Publications on Non-Point
Source Pollution Models

Using the CNKI academic journal network publication database as the data
source, we searched for “non-point source pollution OR diffuse pollution” AND
“model” within a specified range. The search yielded a total number of papers,
with annual publication quantities shown in [Figure 5: see original paper].

The figure shows that: (1) although some scholars studied non-point source
pollution earlier, it did not attract much attention in China at that time, with
relatively few related studies and very few published papers; (2) research papers
on non-point source pollution models in China began to increase, showing an
upward trend; (3) the number peaked in a certain year, with related literature
reaching a certain quantity. As pollution problems become increasingly severe
and the country attaches greater importance to sustainable development, the
number of papers published annually has remained above a certain level. Al-
though the number declined in some years, overall, research on non-point source
pollution in China has gradually deepened.

2.2 Keyword Frequency Analysis

Using the bibliometric analysis software CiteSpace, we counted keyword fre-
quencies. Since keywords with the same meaning may be expressed differently
in various articles, we merged synonymous keywords and removed the highest-
frequency keyword “non-point source pollution.” After consolidation, we selected
high-frequency keywords for statistical analysis to examine their interrelation-
ships. These keywords reflect research hotspots and directions in China’ s non-
point source pollution model field to a certain extent.

Selected keywords and their frequencies are shown in . “Agricultural non-point
source pollution” accounts for 11.88% of statistical keywords, second only to
“non-point source pollution,” indicating that China focuses on agricultural non-
point source pollution issues. The SWAT model is the most commonly used
model in non-point source pollution research, representing a domestic research
hotspot that corresponds to international SWAT model research. AnnAGNPS
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also shows relatively high frequency, indicating these models are important tools
for studying non-point source pollution in China.

Among high-frequency keywords, many relate to agricultural production and
land, such as “agricultural non-point source pollution,”showing that agricultural
production is an important factor causing non-point source pollution. Pesticides
and fertilizers used in agricultural production flow into rivers, causing serious
pollution, making it a critical issue for China to address.

The keyword “Geographic Information System” shows relatively high frequency,
accounting for 7.62% of statistical keywords—far above the average. GIS has
been widely applied in the non-point source pollution field due to its capabilities
in collecting and analyzing geographic information. This corresponds to foreign
keyword statistics, indicating GIS is an important element in non-point source
pollution research both domestically and internationally.

2.3 Keyword Visualization Analysis

The domestic high-frequency keyword co-occurrence network visualization [Fig-
ure 6: see original paper| shows that, apart from “non-point source pollution,”
keywords such as “SWAT,” “GIS,” and “agricultural non-point source pollu-
tion” occupy central positions. Therefore, they represent research hotspots and
directions in China’ s non-point source pollution models, consistent with conclu-
sions from high-frequency keyword statistics. This indicates that using models
to solve rational land use allocation, address agricultural non-point source pol-
lution, and manage nitrogen and phosphorus elements are currently important
research issues and areas in non-point source pollution.

2.4 Citation Frequency Analysis

We statistically analyzed the top 15 domestic papers by average annual cita-
tion frequency. The paper with the highest average annual citation frequency,
published in Agricultural Technology Economics, used statistical analysis and
econometric modeling to study the impact of chemical fertilizers on agricultural
non-point source pollution. The study distributed questionnaires to understand
farmers’ basic characteristics more authentically, then used regression analysis
to study factors influencing fertilizer application, providing reference value for
agricultural non-point source pollution research.

Agricultural Technology Economics and Shanghai Environmental Science are
two important journals publishing such papers, representing core forces in do-
mestic non-point source pollution research. This corresponds to statistics on
publication years and numbers. Domestic research on non-point source pol-
lution models mainly began after a certain year, with significantly increased
publications.

shows the total citation frequency and average annual citation frequency of
domestic papers.
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2.5 Keyword Clustering Analysis

Using the same method as the foreign non-point source pollution model research
described above, we obtained a hierarchical clustering dendrogram [Figure 7: see
original paper| and multidimensional scaling map. The cluster division table
shows that domestic clusters mainly involve: (1) nitrogen and phosphorus nu-
trients, corresponding to a major research direction in foreign non-point source
pollution; (2) tools for solving non-point source pollution, such as GIS, which
can more accurately describe the spatial distribution of non-point source pollu-
tion; (3) non-point source pollution models, with analysis focusing on the Taihu
Lake basin and Three Gorges Reservoir area.

Conclusions and Discussion

From a quantitative perspective, the number of papers published both domesti-
cally and internationally increased after a certain year, indicating that research
on non-point source pollution models has gained attention worldwide. During
certain years, China published more papers than foreign countries, showing that
domestic research on non-point source pollution models has received attention,
corresponding to China’ s proposed sustainable development and environmental
protection initiatives.

From a research hotspot perspective, foreign research hotspots include “water
quality,” “Nitrogen,” “Watershed,” and “Phosphorus,” while domestic hotspots
focus on “SWAT,” “GIS,” and agricultural non-point source pollution. Domestic
and foreign research hotspots share similarities, but China places more emphasis
on GIS research and application and the contribution of agricultural production
to non-point source pollution, while foreign countries focus more on watershed-
based non-point source pollution model exploration.

From a cluster classification perspective, domestic and foreign cluster divisions
are basically similar, which can be summarized into four main aspects: non-point
source pollution models, nutrients, GIS technology, and development processes.

This study selected English keywords with cumulative frequency reaching a
certain threshold and Chinese keywords with cumulative frequency reaching
another threshold as research hotspots. However, we do not exclude the possi-
bility that some low-frequency keywords may become research hotspots in the
future. The results are influenced by the completeness of keyword statistics, pro-
fessional levels, and disciplinary categories. Using co-word analysis to explore
disciplinary fields has certain limitations.
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