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Abstract: The Yellow River Basin (YRB) is an important economic zone and ecological barrier in
China. The analysis of its research characteristics and hotspots has been helpful to grasping the future
research direction. This work carried out text mining and analysis on scientific papers related to
eco-environment research in the YRB from English and Chinese publications. It showed that: there
was a fluctuating upward trend over the past 30 years, which was closely related to major events in the
YRB during the same period. Chinese research institutions have a closer cooperation with the USA,
Australia and other developed countries. More articles were from high-quality journals in ecology, the
environment, and others. Interestingly, research institutions with more Chinese articles were mainly
located around Beijing or the YRB. Additionally, from a research object perspective, both the English
and Chinese articles have mainly focused on large areas such as the lower Yellow River, the middle
reaches of the Yellow River, and the upper reaches of the Yellow River, then turning to small areas
such as the Yellow River estuary and the source area of the Yellow River. Eco-environment research
in the YRB has involved multiple disciplines, and “water–soil–vegetation–ecological protection”
has been widely concerned. From the evolution law of hot topics, it has shown a transformation
from quantity to quality, from utilization to management, from macro to micro, from construction to
high-quality development. It suggests that future research should focus on water, soil, the ecological
environment and local high-quality development in small regions and small watersheds.

Keywords: Yellow River Basin; ecological environment; bibliometric; research review

1. Introduction

The Yellow River Basin (YRB) is a vast territory, spanning four geomorphic units from
west to east across the Qinghai–Tibet Plateau, Inner Mongolia Plateau, Loess Plateau and
Yellow Huaihai Plain [1,2]. It contained a large population as of the end of 2019, with a total
permanent population of about 422 million and a GDP of 24.74 trillion RMB, accounting for
about 36.91% and 25.11% of the total, respectively [3]. The proposal of “Outline Document
on Ecological Protection and High-Quality Development of the Yellow River Basin” to
firmly follow the path of green, sustainable and high-quality development has received
extensive attention from local governments and researchers [3]. The YRB is an important
economic zone and ecological barrier in China that bears the ecological stress caused by
rapid urbanization and extensive industrialization, and it is highly representative in its
green development and ecological governance [4–6].

Strengthening the ecological protection and high-quality development of YRB is not
only related to national ecological security, but also has an important strategic position for
China’s future economic development [7–9]. However, the eco-environmental problems in
YRB are very prominent, such as serious shortage of water resources, high utilization rate
of development, and difficulty in guaranteeing the eco-environment [10–12]; some regions
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have poor environmental quality and have been difficult to improve [13–16]; there has been
degradation of the ecosystem and a decline in service functions [17,18]; the potential risk of
eco-environment is high and easy to transform into social risk [19–22].

Mining the text data of the relevant publications based on bibliometric data was
helpful to clarify the situation and develop the trend of research, which also provided a
reference for future research [23–25]. Lu et al. analyzed the research status of agricultural
irrigation in the YRB based on bibliometric data and found that the ecological pollution
problem, advanced irrigation and drainage technologies in the irrigation areas were the
main research directions for the future [24]. Zhang et al. analyzed the frozen soil research
in the YRB and found that the permafrost, climate change and ecological environment
in the source area of the Yellow River (YR) were the main research topics [17]. Wohlfart
et al. [23] and He et al. [25] showed that water scarcity and the eco-environment pollution
and degradation has been aggravated by human activities and the related climate change
using a bibliometric method. The existing research results provide scientific theoretical
support and academic contributions of the eco-environment research in the YRB in the new
research period.

The bibliometric analysis of eco-environment research in the YRB can be expanded
into the following two aspects. Firstly, there were some uncertainties in the results of the
bibliometric analysis due to its different sources of data collection and retrieval strate-
gies [25–27]. For example, the YRB was only used as the theme to retrieve the key research
areas and topics, and much irrelevant information appeared. It was necessary to con-
sider the retrieval strategy and authoritative multi-data sources of scientific papers on
eco-environment research in the YRB [17,26]. Additionally, in the analysis of the research
hotspots, the existing studies often explored the thematic analysis from the initial year
to the termination year, which inevitably ignored the comparative analysis of different
periods. A comparative analysis of different time periods can better grasp the changing
trends of eco-environment research topics and frontiers in the YRB [25,27]. Hence, this
work used Web of Science (WoS) and China National Knowledge Infrastructure (CNKI) as
the data sources, and used the software CiteSpace [28,29] and VOSviewer [30] as tools to
conduct text mining and visual analysis, which enriched the data sources and suggested
future directions for eco-environment research in the YRB.

Over the past thirty years, research on the eco-environment in the YRB has shown an
overall upward trend, suggesting the growing awareness and recognition of it. However,
systematic review papers on it are relatively scarce. Hence, this work mainly adopted a
bibliometric analysis to summarize its research characteristics and hotspots and to discuss
its evolution process. This study answered the following questions: (1) what is characteristic
of the scientific literature on eco-environment research in the YRB; (2) and what are the
future research trends. The results based on answering the above questions effectively
grasped the hot frontiers and key issues of eco-environment research and provided new
ideas for ecological protection and high-quality development in the YRB.

2. Data Collection and Methods

The WoS platform includes thousands of multidisciplinary international academic
journals, and journals from the Science Citation Index Expanded (SCIE) and Social Science
Citation Index (SSCI) are widely influential. For the Chinese literature retrieval, the journals
included the Chinese Science Citation Database (CSCD), Chinese Social Sciences Citation
Index (CSSCI), and Core Journals (Core) from CNKI, which have strict standards and a
wide influence. The articles in English and Chinese were obtained from WoS and CNKI
databases, respectively.

In order to better grasp the research hotspots, this work adopted the following retrieval
strategies (Figure 1): (1) first, extracting the key research areas and topics with the YRB
as the theme; (2) searching articles with the main research regions and topics as the titles
and themes; (3) identifying the search methods based on the research areas and topics
through several attempts; (4) finally, determining the retrieval formula, which was “TS
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equal (“water” or “glacier” or “snow” or “hydrology” or “land” or “drought” or “soil”
or “biology” or “vegetation” or “geological hazards” or “meteorology” or “climate” or
“atmosphere” or “pastoralism” or “forestry” or “agriculture” or “forest” or “grassland”
or “energy” or “emission*” or “greenhouse gas*” or “pollution*” or “resource*” or “na-
ture” or “ecolog*” or “environment*” or “urbanization” or “sustainable development”
or “high-quality development”) and TI equal (“Yellow River Basin” or “Upper Yellow
River” or “Middle Yellow River” or “Lower Yellow River” or “Yellow River Tributaries”
or “Tributaries of the Yellow River” or “Yellow River Main Stream” or “Yellow River” or
“Yellow River mouth” or “Loess Plateau” or “Yellow River Delta” or “Loess Hills”); and
LA = (English)); and DT = (Article)); and Citation Index = (SCI or SSCI in WoS; CSCD
or CSSCI or Core in CNKI); and Time span = 1992–2021” within English and Chinese,
respectively.
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Figure 1. The framework of research analysis process.

Based on the above retrieval method, it aimed to ensure that the retrieved scientific
papers were more representative to a greater extent. The data were retrieved on 3 January
2022. Then, we cleaned the information, such as the countries and keywords by DDA,
and removed some irrelevant information by reading the related abstract, keywords or
results. Finally, 5324 English scientific papers and 12,065 Chinese scientific papers were
used for the bibliometric analysis. This work explored the text mining and data analysis
of eco-environment research in the YRB by using DDA software [31], CiteSpace 6.1.R2
(https://citespace.podia.com (accessed on 28 May 2022)) and VOSviewer version 1.6.18
(Centre for Science and Technology Studies, Leiden University, Leiden, the Netherlands).

https://citespace.podia.com


Int. J. Environ. Res. Public Health 2022, 19, 11986 4 of 18

3. Results
3.1. Characteristics of Articles
3.1.1. Time-Series Characteristics

For the time-series characteristics from 1992 to 2021, the overall number of English
articles on eco-environment research in the YRB showed a gradual upward trend. The
number of Chinese articles showed a rising trend of fluctuation (“rising–falling–rising”).

• First bullet; English articles

It was found that the number of related English articles increased from 2 in 1992 to
703 in 2021, with a cumulative total of 5324 from WoS (Figure 2). The trend of articles could
be divided into three stages. The first phase from 1992 to 2000 was considered an initial
stage. The number of articles only accounted for 1.8% of the total, with an average of 10. By
2000, the number of cumulative articles was only 94. Phase II, 2001–2009, was considered a
slow growth stage. The related articles accounted for 13.8% of the total, with an average
of 81. The number of cumulative articles was 826 in 2009, 3.6 times higher than that in
2000. The third stage from 2010 to 2021 was considered to be a rapid growth period. The
number of articles accounted for 84.5% of the total, with an average of 375. The number
of cumulative articles was 4498 from 2010 to 2021, which was 5.5 times higher than that
from 1992 to 2009. During the last 30 years, the overall characteristics of eco-environment
research in the YRB has been increasing, revealing that the research on this topic has
received widespread attention.
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• Second bullet; Chinese articles

It was found that the number of related Chinese articles increased from 147 in 1992 to
900 in 2021, with a cumulative total of 12,065 from CNKI (Figure 2). The trend of articles
could be divided into four stages, with a “rising–falling–rising” trend. Interestingly, the
research trend was closely related to the major events and policies of ecological governance
in the YRB [32]. In the first phase, the slow upward stage (1992–2000), the number of
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cumulative articles was 1416, with an average of 157, accounting for 11.7% of the total.
During this period, the Chinese government began to study the impact of the Yellow River
break on the eco-environment of the watershed system. The second phase was the rapid
growth stage (2001–2009). The number of cumulative articles was 3988, with an average
of 443, accounting for 33.0% of the total. During this period, the Chinese government
paid more attention to the prevention and control of soil erosion in the middle and upper
reaches of the Yellow River. In 2009, the National Development and Reform Commission
of China issued a notice “the Development Plan of Yellow River Delta Efficient Ecological
Economic Zone”. In this context, the number of the related articles reached a small peak. In
the third phase, the slow fluctuation decline phase (2010–2018), the number of cumulative
articles was 4485, with an average of 500, accounting for 41.4% of the total. The trend of
this stage was closely related to the remarkable improvement of the YRB environment. In
the fourth stage, the rapid growth stage (2019–2021), the number of cumulative articles
was 2176, with an average of 725, accounting for 13.8% of the total. This showed that as the
YRB’s ecological protection and high-quality development has risen to the level of national
strategy, research on this subject has attracted wide attention in academia.

3.1.2. The National Research Contribution

Since Chinese articles mainly covered one country, China, this section only analyzed
the national research contribution from English articles. Over past 30 years, the related
articles were from 62 different countries/territories. The number of cumulative articles in
the top 10 countries accounted for 94.8% of the total; the top 11–20 countries accounted for
3.0% (Figure 3a). The YRB is located in China, which is one reason why Chinese scholars
have studied this region the most. Other productive countries include the USA, Australia,
the UK, Canada, Japan, the Netherlands, Germany, Sweden and France.
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The national cooperation network diagram could effectively identify the intensity
of cooperation among countries [28]. Based on DDA and the tubiaoxiu online drawing
platform (www.tubiaoxiu.com (accessed on 28 May 2022)), this work drew the network
diagram of the top 20 national/regional cooperation in terms of eco-environment research
in the YRB (Figure 3b). It was found that China and the USA occupy a dominant position in
terms of this research. In addition, Chinese scholars have cooperated closely with Australia,
the UK, Canada, and Japan.

3.1.3. Institutional Distribution Characteristics

• First bullet; English articles

There were 1760 research institutions that had published papers on eco-environment
research in the YRB from WoS. A total of 1457 (82.8%) research institutions had published
no more than 5 articles. Table 1 lists the top 10 most active research institutions. The
Chinese Academy of Sciences (CAS) was in first place with 2161 articles, followed by
Northwest A&F University with 1537, Ministry Water Resources with 563, Beijing Normal
University with 482, Lanzhou University with 359, Xian University of Technology with 155,
Ocean University of China with 153, Shaanxi Normal University with 131, Beijing Forestry
University with 128, and China Institute of Water Resources and Hydropower Research
with 121. The top 10 most active institutions accounted for 40.01% of the total number of
articles. Meanwhile, it was found that the top 10 institutions were all from China, which
also proved that China was active in eco-environment research in the YRB.

Table 1. Top 10 institutions for eco-environment research in YRB.

WoS Institutions Country Number Ratio (%)

1 Chinese Academy of Sciences China 2161 16.2
2 Northwest A&F University China 1086 8.1
3 Ministry Water Resources China 563 4.2
4 Beijing Normal University China 482 3.6
5 Lanzhou University China 359 2.7
6 Xian University of Technology China 155 1.2
7 Ocean University of China China 153 1.2
8 Shaanxi Normal University China 131 1.0
9 Beijing Forestry University China 128 1.0

10 China Institute of Water Resources and
Hydropower Research China 121 0.9

CNKI Institutions Province Number Ratio (%)

1 Northwest A&F University Shaanxi 1643 5.3
2 Ministry Water Resources Shaanxi 1088 3.5

3 Institute of Geographic Sciences Natural
Resources Research CAS Beijing 497 1.6

4 Yellow River Institute of Hydraulic Research,
Yellow River Conservancy Commission Henan 448 1.4

5 Beijing Normal University Beijing 413 1.3
6 University of Chinese Academy of Science CAS Beijing 404 1.3
7 Lanzhou University Gansu 397 1.3
8 Shaanxi Normal University Shaanxi 309 1.0
9 Beijing Forestry University Beijing 254 0.8
10 Ocean University of China Shandong 231 0.7

• Second bullet; Chinese articles

There were 7833 research institutions that had published papers on eco-environment
research in the YRB from CNKI. A total of 6988 (89.2%) research institutions had published
no more than 5 articles. As shown in Table 1, Northwest A&F University was in first place
with 1643 articles, followed by Ministry Water Resources with 1088, Institute of Geographic

www.tubiaoxiu.com
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Sciences Natural Resources Research CAS with 497, Yellow River Institute of Hydraulic
Research, Yellow River Conservancy Commission with 448, Beijing Normal University with
413, University of Chinese Academy of Science CAS with 404, Lanzhou University with
397, Shaanxi Normal University with 309, Beijing Forestry University with 254, and Ocean
University of China with 231. From the distribution of the top 10 research institutions, the
overall concentration was relatively high, with 4 in Beijing, 3 in Shaanxi, and 1 in Gansu,
Henan, and Shandong, respectively. Overall, the related research institutions were mainly
located in Beijing or around the YRB.

3.1.4. Discipline Structure Characteristics

• First bullet; English articles

Based on the WoS database, eco-environment research in the YRB came from 72 dis-
ciplines. The top 10 disciplines were mainly distributed in environmental sciences and
ecology (22.0%), geology (13.4%), water resources (12.4%), agriculture (11.7%), engineering
(5.2%), physical geography (5.2%), science and technology—other topics (3.9%), meteorol-
ogy and atmospheric sciences (2.9%), forestry (1.6%), marine and freshwater biology (1.5%),
while others together accounted for the remaining 21.3% (Figure 4a). Eco-environment
research in the YRB was an interdisciplinary research subject involving environmental
science, ecology, geology, water resources science, climate change, and others. Therefore,
eco-environment research in the YRB requires a comprehensive understanding of the
overall knowledge of the environment, economy, society, and technology.

• Second bullet; Chinese articles

Based on the CNKI database, the top 10 disciplines were mainly distributed in ba-
sic agricultural science (16.0%), agronomy (12.7%), water conservancy and hydropower
engineering (10.8%), environmental science and resource utilization (9.4%), geophysics
(6.5%), biology (5.1%), forestry (4.8%), physical geography and mapping science (3.8%),
agricultural economics (3.7%), meteorology (3.5%) and other disciplines (23.7%) (Figure 4b).
It was found that the related Chinese articles also involved many disciplines. Overall,
the research on eco-environment research in the YRB needs to be understood from the
comprehensive and systematic perspective of “resources–ecology–environment–economy–
society–technology”.

3.1.5. Journal Distribution Characteristics

• First bullet; English articles

According to WoS, the related publications were published in 642 journals, but 454 jour-
nals published no more than 5 articles. Table 2 summarizes the top 10 most productive
journals. Catena ranked first with 238 published articles (4.47%), followed by Science of
the Total Environment (208, 3.91%) and Water (124, 2.33%). The top 10 most productive
journals published 1194 articles, accounting for 22.4% of the total. It indicated that the
concentration of journals published in related papers was high. The national sources of
the top 10 journals were mainly the Netherlands, Switzerland, England, Germany and
the USA. Among these top 10 most productive journals, four were published by Elsevier
Publishing Group.

• Second bullet; Chinese articles

According to CNKI, the related publications were published in 833 journals. As shown
in Table 2, the top 10 productive journals mainly included: Yellow River (1593, 13.2%),
Bulletin of Soil and Water Conservation (448, 3.71%), Acta Ecologica Sinica (444, 3.21%), Re-
search of Soil and Water Conservation (387, 3.21%), Journal of Soil and Water Conservation
(359, 2.98%), Science of Soil and Water Conservation (233, 1.93%), Agricultural Research in
the Arid Areas (229, 1.90%), Chinese Journal of Applied Ecology (208, 1.72%), Journal of
Arid Land Resources and Environment (193, 1.60%), and Journal of Natural Resources (191,
1.58%). The results showed that the top 10 productive journals were mainly specialized



Int. J. Environ. Res. Public Health 2022, 19, 11986 8 of 18

journals related to eco-environment research in the YRB or professional journals focusing
on resources, ecology and the environment. For example, the Journal of Natural Resources
and Acta Ecologica Sinica are high-quality academic journals in the field of ecological and
environmental research. From the perspective of the provinces where the top 10 journals
are located, the overall concentration of journals was relatively high, with 4 in Shaanxi, 3 in
Beijing, and 1 in Henan, Inner Mongolia, and Liaoning, respectively.
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Table 2. Top 10 productive journals for the research on eco-environment in the YRB.

WoS Journals Number Ratio (%) 2021 IF Country

1 Catena 238 4.47 6.367 Germany
2 Science of The Total Environment 208 3.91 10.753 Netherlands
3 Water 124 2.33 3.530 Switzerland
4 Journal of Hydrology 113 2.12 6.708 Netherlands
5 Environmental Earth Sciences 92 1.73 3.119 Germany
6 Agricultural Water Management 89 1.67 6.611 Netherlands
7 Land Degradation & Development 85 1.60 4.377 England
8 Hydrological Processes 84 1.58 3.784 England
9 Sustainability 82 1.54 3.889 Switzerland

10 PLoS One 79 1.48 3.752 USA

CNKI Journals Number Ratio (%) 2021 IF Province

1 Yellow River 1593 13.2 1.067 Henan
2 Bulletin of Soil and Water Conservation 448 3.71 1.894 Shaanxi
3 Acta Ecologica Sinica 444 3.68 4.733 Beijing

4 Research of Soil and Water
Conservation 387 3.21 2.987 Shaanxi

5 Journal of Soil and Water Conservation 359 2.98 3.198 Shaanxi
6 Science of Soil and Water Conservation 233 1.93 1.922 Beijing
7 Agricultural Research in the Arid Areas 229 1.90 1.706 Shaanxi
8 Chinese Journal of Applied Ecology 208 1.72 3.893 Liaoning

9 Journal of Arid Land Resources and
Environment 193 1.60 3.187 Inner Mongolia

10 Journal of Natural Resources 191 1.58 6.098 Beijing

3.2. Research Hotspot Analysis
3.2.1. Analysis of Highly Cited Papers

• First bullet; English articles

Generally, highly cited papers directly or indirectly reflect the research’s quality and
influence, both globally and locally [26,27]. In this work, there were 41 highly cited papers
from WoS on eco-environment research in the YRB (Supplementary Table S1). The analysis
of these 41 highly cited papers showed that: the first rank received 673 citations and
was published by Feng et al. (2016) in Nature Climate Change; this work focused on the
vegetation reconstruction in the semi-arid Loess Plateau of China [33]. The second rank
received 565 citations and was published by Wang et al. (2016) in Nature Geoscience; it was
pointed that the erosion rates of the Loess Plateau would increasingly control the Yellow
River’s sediment load [2]. The highly cited papers mainly focused on the Loess Plateau
and Yellow River, and the research topics included human activities, groundwater quality,
health risk assessment, climate change, soil moisture, soil erosion, etc. It was interesting
that there were no highly cited papers before 2012, which was related to the fact that
eco-environment research in the YRB was a regional issue and had not attracted much
international attention. Relevant papers have been published in authoritative journals such
as Nature Climate Change, Nature Communication, Nature Geoscience, Science of the
Total Environment, Journal of Hydrology, and Catena.

• Second bullet; Chinese articles

According to the citation frequency ranking of CNKI, the retrieval of the top 20 highly
cited papers on eco-environment research in the YRB is shown in Supplementary Table S2.
The analysis of these top 20 highly cited papers showed that: three papers published by
Bojie Fu et al. [34–36] on the interaction among land-use change, ecological environment,
soil erosion and soil nutrients in the loess hilly sub-basin were studied. There were nine
papers on loess hilly areas, eight of which were published between 1996 and 2004. This
indicates that a series of problems such as soil, ecology and environment in the loess hilly
region had been paid attention to earlier in China. Only one of the top 20 cited papers was
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published after 2013, namely, soil ecological stoichiometry under different vegetation areas
in the loess hilly–gully region, which further indicates that soil and ecological problems
in the loess hills and the surrounding areas had attracted much attention. The related
papers have been published in authoritative journals such as Acta Geographica Sinica,
Acta Ecologica Sinica, Journal of Natural Resources, Chinese Journal of Applied Ecology,
Geographical Research, Chinese Science Bulletin and others.

3.2.2. Keyword Cluster Analysis

• First bullet; English articles

A bibliometric analysis of keywords could represent the research trends and frontiers
of academic articles [28]. This work first provided a comprehensive picture of the related
articles from WoS by keyword cluster analysis (Figure 5). The keyword network map of co-
occurrence frequencies ≥20 from WoS was drawn. It was found that the research hotspots
mainly focused on the four core regions of the Loess Plateau, the Yellow River, the Yellow
River Delta and Chinese Loess Plateau. This work summarized the main topics of the
related research in the past 30 years. It was found that: the main topics on the Loess Plateau
were soil erosion, soil moisture, evapotranspiration, afforestation, water-use efficiency,
and soil temperature. The research subject of the Yellow River mainly focused on climate
change, human activities, runoff, precipitation, sediment load, drought, groundwater, and
water quality. The research topics of the Yellow River Delta and Yellow River estuary were
mainly focused on sediment, spatial distribution, irrigation, soil organic carbon, land use,
and soil quality. For the Chinese Loess Plateau research areas, the migration of loess, red
clay, Holocene, soil and sediment was mainly studied.
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• Second bullet; Chinese articles

The keyword network map of co-occurrence frequencies ≥20 from CNKI was also
drawn (Supplementary Figure S1). It was found that the research hotspots mainly focused
on the four core regions of the Loess Plateau, the Yellow River Basin, the Yellow River
Delta and the Yellow River. Summarizing the key themes, the results showed that: the
research areas were mainly concentrated in the Loess Plateau and the Loess hilly and
surrounding areas, and the research topics focused on soil moisture, soil nutrients, soil
water content, vegetation restoration and biodiversity, species diversity, biomass and soil
organic carbon. The research areas were mainly concentrated in the Yellow River, the
middle reaches of the Lower Yellow River, the source region of the Yellow River, Xiaolangdi
reservoir and the surrounding areas. In addition, the related research topics focused on the
relationship between water resources, climate change, and human activities. The research
areas were mainly concentrated in the Yellow River Delta and the Yellow River estuary.
The related research topics were concerned with vegetation, soil, wetlands, heavy metals,
environmental factors and other related issues. The research topics of the YRB were mainly
concerned with ecological protection, ecological environment, soil conservation, sustainable
development, high-quality development and other related issues.

3.2.3. Theme Evolution Analysis

• First bullet; English articles

The keyword time-zone map helped to grasp the evolutionary trajectory of related
hotspots. As shown in Supplementary Figure S2, the eco-environment research in the YRB
from WoS could be divided into three phases.

The first item, the early stage of eco-environment research in YRB (1992–2000), is
shown in Supplementary Figure S2a. Clustering hotspots included paleovegetation, the
Chinese Loess plateau, evapotranspiration, balance and deposit. The overall number of
articles at this stage was relatively low. Until 1998, the annual number of articles published
from WoS did not exceed 10. Researchers mainly focused on the relationship between water
and sediment in the Loess Plateau. For example, Wang et al. (1999) [37] and Ding et al.
(1999) [38] analyzed the effect of desertification on water deficit based on the land water
deficit model.

The second item, the slow growth stage of eco-environment research in YRB (2001–
2010), is shown in Supplementary Figure S2b,c. The clustering themes included magnetic
susceptibility, soil erosion, red clay, and water-use efficiency as well as the Yellow River,
Loess Plateau, Chinese Loess Plateau, and YRB. Researchers focused on the relationship
between soil erosion and water-use efficiency in the Yellow River and YRB. For example,
soil erosion and nutrient losses were monitored, and the runoffs were very sensitive to
climate change [39,40]. Additionally, magnetostratigraphy of Late Tertiary sediments and
iron geochemistry in the Chinese Loess Plateau were analyzed [41,42].

The third item, the rapid growth period of eco-environment research in YRB (2011–
2021), is shown in Supplementary Figure S2d–f. The clustering themes included soil organic
carbon, heavy metals, climate change, water-use efficiency, ecological restoration, temporal
stability, microstructure, microbial community, as well as the Yellow River, Chinese loess
plateau, and Yellow River estuary. During this period, some researchers focused on the
relationship between soil organic carbon and water-use efficiency in the semi-arid Loess
Plateau, the Loess Plateau, and small watershed areas, and discussed the response of soil
moisture, climate change and human activities to vegetation restoration over time [4,43–45].
Additionally, some focused on the response of soil fertility, soil respiration and microbial
communities to returning farmland to forests and vegetation restoration models in the
Loess Plateau and the Loess Plateau mining areas, with more specific and microscopic
research contents [46–48]. The levels, sources and environmental risks of soil heavy metals
in the YRB and the Yellow River Delta also attracted wide attention in this period [49].
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• Second bullet; Chinese articles

As shown in Supplementary Figure S3, the eco-environment research in the YRB from
CNKI could be divided into the following three phases.

The first item, the early stage of eco-environment research in YRB (1992–2000), is shown
in Supplementary Figure S3a. The hot issues mainly included: grain production, yield
effect, afforestation, loess, water harvesting agriculture, animal resources and other issues
in the Loess Plateau; water resources, soil moisture, paleomonsoon, Late Pleistocene, flood
control, water conservancy hub, Sanmenxia, sediment, and other issues in the Yellow River;
Yellow River downstream irrigation, water and sand changes, development and utilization,
climatic conditions, breakage, impact, river realignment, water and sand combination
and other related issues in the lower Yellow River; soil erosion, small watersheds, human
activities, protection measures, loess hills, sand production, volcanic flooding period and
other related issues in the Yellow River middle reaches; soil conservation, comprehensive
management, water to sand, soil resources, ecological benefits, return of farmland to
forests, western development and others in the Yellow River Basin; the problems of sand
reduction, economic benefit, water scheduling, human factors, water pollution, etc. in the
upper reaches of the Yellow River; the problems of the relationship between ecological
environment and climate change, development measures, resource utilization, etc.

The second item was the stage of 2001–2010 (Supplementary Figure S3b,c). It focused
on the Loess Plateau, Yellow River, Yellow River Basin, lower Yellow River, middle Yellow
River, and soil erosion, ecological environment and forestry ecological construction from
2001 to 2005; and focused on the Loess Plateau, Yellow River, Yellow River Basin, Yellow
River Estuary and land use, climate change, wetland and vegetation restoration from 2006
to 2010. In the Loess Plateau, it focused on soil erosion, soil moisture to soil humidity, eco-
logical water demand, soil characteristics and other thematic research; In the Yellow River,
it focused on water resources, plantation forests, soil nutrients, water quality evaluation,
soil conservation, Ningmeng River section, development model, carbon storage and other
issues; in the Yellow River Basin, it focused on dynamic monitoring, human activities, man-
agement, ecological benefits, load carrying ability, South–North Water Diversion, and other
commissioned research; in the lower reaches of the Yellow River, it focused on ecological
reconstruction, ecological water use, river-realignment-related trend analysis and statistics
analysis; in the middle reaches of the Yellow River, it focused on the Fenwei Plain, Loess
Hills and the surrounding areas in terms of governance patterns, ecological construction,
Yellow River flooding, land use, ecological water demand; in the Yellow River estuary, it
focused on the water environment, organic matter, communities, vegetation succession
and other related numerical modeling, coherent analysis; in research hotspots, it mainly
focused on soil erosion, ecological environment, forestry ecological construction, land use,
climate change, wetlands and vegetation restoration, etc.

The third item was the stage of 2011–2021 (Supplementary Figure S3d–f). It focused
on the Loess Plateau, Yellow River, Yellow River Basin, and climate change, soil, wetland,
and land use from 2011 to 2015; and focused on the Loess Plateau, Yellow River Basin, the
Yellow River, Yellow River Estuary, and land use, yield and water quality from 2016 to
2021. In the Loess Plateau, it focused on the dry soil layer, soil properties, carbon storage,
carbon density, erosion, and total nitrogen in the Loess hills; in the Yellow River, it focused
on heavy metals, suspended matter, water balance, incoming sand coefficient, human
activities, siltation, climate factors, and watershed ecology in the semi-arid region; in the
Yellow River Basin, it focused on the main stream of the Yellow River, the source area
of the Yellow River, soils, organic carbon, saline sedimentary context, topography and
geomorphology, sensitivity, spatial and temporal patterns, ecological restoration and other
issues; in the Yellow River estuary, it mainly explored environmental factors, ecological
environment, ecological management, ecological protection-related issues and drivers; it
focused on hot topics for climate change, soil, wetlands, land use, yield and water quality.
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3.2.4. Research Frontier Analysis

The keyword emergence mapping by CiteSpace software could provide a good option
for identifying hotspots and emerging frontiers in the research field. By identifying and
tracking the frontier hotspots, it was helpful to understanding the latest evolutions of
research field and finding out the problems requiring further research. On this basis, the
keyword emergent mapping was analyzed for two time periods, 1992–2021 and 2001–2021
from Wos (Figure 6) and CNKI (Figure 7).
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• First bullet; English articles

From the WoS database, 25 emergent words were obtained (Figure 6). It was found
that from 1992–2021, the emergent words were magnetic susceptibility, history, record,
susceptibility, section, deposit, stratigraphy, paleosol sequence, climate, Loess Plateau of
China, North Atlantic, yellow river, Chinese Loess Plateau, sequence, monsoon, uplift, loess
plateau, sediment, system, organic matter, soil, vegetation, northern China, risk assessment,
spatial pattern; from 2001–2021, the emergent words were Yellow River, climate, record,
magnetic susceptibility, deposit, sequence, Chinese Loess Plateau, Loess Plateau of China,
monsoon, uplift, stratigraphy, Loess Plateau, history, sediment, system, grain size, organic
matter, soil, vegetation, northern China, risk assessment, spatial pattern, spatial variation,
middle reaches, sediment transport.

• Second bullet; Chinese articles

From the CNKI database, 25 emergent words were obtained (Figure 7). Comparing the
analysis, it was found that from 1992–2000, the emergent words were lower Yellow River,
Yellow River Commission, comprehensive management, water resources, cutoff, coun-
termeasures, Yellow River cutoff, soil conservation, and ecological environment, mainly
focusing on countermeasures and measures related to Yellow River cutoff; from 2001–
2010, the emergent words were governance mode, ecological construction, water quality,
abandoned lands, soil conservation, water resources, soil erosion, Yellow River, ecolog-
ical environment, water quality, countermeasures, and evaluation, mainly focusing on
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the governance model, countermeasures and evaluation of the Yellow River; from 2011–
2018, the emergent words were wetland, bankfull flow, temperature, soil, biomass, climate
change, organic carbon, spatiotemporal variation, Yellow River estuary, environmental
factors, soil temperature, and heavy metals, mainly focusing on the spatial and temporal
changes characteristics of temperature, biomass, organic carbon and related climate change
and environmental factors of the Yellow River estuary and wetlands; from 2019–2021, the
emergent words were ecological protection and water and sediment regulation. With the
continuous development of the YRB governance technology, the problems related to water,
soil, resources and environment of YRB have been effectively managed and standardized.
The ecological protection and high-quality development in the YRB has become the focus
of current scholars.
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4. Discussion

First, further research trends change as policies change. For example, from 1992
to 2000, the related papers mainly focused the problems of “water–sand–environment”.
During this research period, “Guangming Daily” published the report of “Research on the
disconnection of the Yellow River”. It proposed the “forum of young scientists” that was
held by the China Association for Science and Technology. Frontiers of the environment,
water resources, geography, and sedimentation cross-cutting science were discussed. On
this basis, it was proposed to carry out a “study on the ecological environmental impact of
the Yellow River breakwater on the watershed system”. From 2001 to 2010, the “Eleventh
Five-Year Plan” emphasized improving the environmental quality of key watersheds and
key areas and strengthening the prevention and control of water pollution along the middle
and upper reaches of the Yellow River and South-to-North Water Transfer Project. By 2016,
the management of the Yellow River had gone through 70 years (The people’s cause of
Yellow River management under the leadership of the Communist Party of China started in
1946), and the development and management of the Yellow River has achieved remarkable
results. From 2020 to 2021, with the ecological protection and high-quality development of
the Yellow River Basin emerging as a national strategy, the related papers of this period
focused on the YRB, Loess Plateau, Yellow River, Lower Yellow River and related issues
such as community structure precipitation, land use and land remediation.
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Second, research hotspot analysis has promoted the faster development of eco-
environment research in the YRB. With the ecological protection and high-quality de-
velopment of the YRB emerging as a national strategy, the number of related articles in the
future should also show a rapid growth trend (Figure 2), and the research topics should be
more extensive. According to the hotspot analysis, it mainly focused on two aspects. One
was the relationship between climate change, human activities and ecological quality in
the YRB, especially focusing on the quantitative evaluation and systematic analysis of the
relevant influencing factors. The second was the ecological health and human well-being of
the YRB, which promote the coupling and coordinated development of economy, ecology,
environment and well-being, and promote its sustainable and high-quality development.
Future research on eco-environment in the YRB should also be focused on local high-quality
development and ecological protection. The ecological restoration, climate change, land
use, community structure and sustainable development in the YRB, as well as the Loess
Plateau and the Yellow river estuary should be of concern [9,50].

Third, the overall research on the eco-environment in the YRB has changed from
quantity to quality, from utilization to management, from macro to micro, and from con-
struction to high-quality development. The hot topics of water research in the YRB have
changed from water quantity to water quality, from early concern about soil conservation
and soil erosion to recent concern about water quality changes; the focus of land research
has changed from utilization to management, from early concern about land use, wetland
and soil to recent concern about land remediation; the focus of vegetation research has
changed from macro to micro, from early concern about vegetation restoration to recent
concern about community. Based on hotspot analysis, the hot topic of ecological protection
research has changed from ecological construction to high-quality development, from an
early focus on forestry ecological construction, ecological environment and climate change
to a recent focus on high-quality development of the three-living spaces and coupling and
coordination.

Fourth, the present study performed bibliometric analysis of the eco-environment
research in the YRB over the past thirty years. This work analyzed its characteristics and
hotspots, which could explore its progress and frontiers. Meanwhile, this work also has
some limitations that could be improved in the future. For example, this work mainly
focused on publications in English and Chinese, and only considered the WoS and CNKI
databases, which caused inevitable defects (that is, the data used may be less than all
the relevant data). In addition, a bibliometric analysis involves all aspects. This paper
considered the characteristics research hotspots of publications. For example, citations
were not discussed in this paper. Future work should consider these deficiencies.

5. Conclusions

By analyzing the characteristics and research hotspots of eco-environment research in
the YRB from 1992 to 2021, the following conclusions were mainly drawn, which provide
reference for further promoting ecological environment research in the YRB.

First, in terms of the total number of articles, the overall research on eco-environment
in the YRB showed an upward trend from WoS and a fluctuating upward trend (up-down-
up) from CNKI, especially since the ecological protection and high-quality development
of the YRB have emerged as a national strategy and since the research related to the eco-
environment in the YRB has attracted more attention from scholars and governments.
Research on the eco-environment in the YRB has been multidisciplinary; the disciplines
and journals with higher publications were mainly related to the YRB or to its resources,
ecology and environment; the research institutions with a greater number of publication
were mainly concentrated in Beijing or around the YRB. In terms of discipline development,
it was necessary to further strengthen the multi-disciplinary intersection; in terms of
cooperation and exchange, it was necessary to further promote multi-faceted cooperation
among universities, research institutions, enterprises and related journals and authors, so as
to achieve complementary advantages and promote deep integration of industry, academia
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and research. In terms of the evolution of the study area, it was mainly focused on the
Loess Plateau, the Yellow River and the Yellow River Basin. The early stage of the study
focused on the large areas of the lower reaches of the Yellow River, the middle reaches of
the Yellow River and the upper reaches of the Yellow River; in the middle and late stages of
the study, it focused on the mouth of the Yellow River, and the recent study focused on the
source area of the Yellow River.

Second, the hot topics of research mainly included soil conservation, soil erosion,
vegetation restoration, forestry ecological construction, ecological environment, water
quality, land use, climate change, community structure, three-life space, and coupling and
coordination. From the perspective of the theme of evolution, the “water–soil–vegetation–
ecological protection” series of problems have been of general concern. The hot topic of
ecological protection research has changed from ecological construction to high-quality
development, from an early focus on forestry ecological construction, ecological environ-
ment and climate change to a recent focus on high-quality development of the three-living
spaces and coupling and coordination. From the research frontier, water, soil, resources,
and environment in the YRB have received general attention, and the related management
has been remarkably effective. How to achieve ecological protection and high-quality
development in the YRB is the most important issue currently being faced, and is also a
focal topic for research purposes. In future research, it will be necessary to conduct in-depth
research on water, soil, ecological environment and local high-quality development in small
regions and small watersheds.
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