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1. Introduction

This Special Issue is the second edition following the publication of the first Issue, “Yel-
low River Basin Management under Pressure: Present State, Restoration and Protection”,
in 2021. This Special Issue focuses on the current state, challenges, and suggestions relating
to Yellow River basin management and sustainable development under pressure, aiming
to help improve ecological protection and achieve high-quality development. The topics
included Yellow River basin management, the restoration and protection of the Yellow
River basin, and the harmonious regulation of the human-water relationship. This Special
Issue has aroused widespread interest among scholars, with a total of 20 related academic
papers recently being published online.

2. Overview of This Special Issue

This Special Issue includes twenty original contributions focused on Yellow River
basin management under pressure. Considering the unique regional characteristics of
the Yellow River in China, the contributions mainly result from research conducted by
Chinese universities and research and development institutions. The twenty articles in
this Special Issue can be divided into six categories: category A, “Characteristics of Yellow
River basin”; category B, “Water system and economic society system”; category C, “Water
resources allocation and efficient utilization”, category D, “Basin ecological protection and
environmental pollution remediation”; category E, “Water—sediment relationship of the
Yellow River Basin”; category F, “Yellow River governance”.

In category A, “Characteristics of Yellow River basin”, Zuogiang Han et al. (contri-
bution 1) studied the influence of climate change on natural runoff of the Yellow River
Basin between 1961 and 2020, indicating that the decrease in natural runoff was primarily
attributed to a reduction in precipitation rather than regional warming. The study by Sen
Wang et al. (contribution 2) developed a hybrid GPR and cooperation search algorithm
(CSA) model, aiming to improve the effectiveness of predicting non-stationary hydrological
data sequences. Xiaomei Fan et al. (contribution 3) monitored and analyzed the spatio-
temporal dynamics of groundwater level and salinity based on the robust seasonal trend
decomposition technique (STL). Based on the comprehensive evaluation model, Xinze
Han et al. (contribution 4) assessed the impact of climate change on the headwaters of the
Yellow River, further analyzing the effects of permafrost degradation and the interaction
between climate and permafrost regarding runoff changes. Haipeng Niu et al. (contribu-
tion 5) quantitatively investigated the landscape pattern evolution characteristics of the
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Yellow River Basin (Henan section), further revealing the influencing factors of landscape
pattern evolution.

In category B, “Water system and economic society system”, Jianhua Liu et al. (con-
tribution 6) investigated the effect of the industrial restructuring factor on carbon dioxide
emissions and conducted a scenario simulation of the Yellow River Basin using the Stochas-
tic Impacts by Regression on Population, Affluence, and Technology (STIRPAT) model. In
the study by Suming Ren et al. (contribution 7), the effect of natural and social economic
factors on landscape pattern indices in Henan province was investigated through the bi-
variate local spatial autocorrelation method. Zening Wu et al. (contribution 8) evaluated
the regional water ecological-economic system’s sustainability by quantifying the water
energy’s ecological footprint, preliminarily analyzing the key factors that constrain the
sustainable development of the Yellow River Basin.

For category C, “Water resources allocation and efficient utilization”, Qiting Zuo et al.
(contribution 9) proposed solutions to the Yellow River water distribution dilemma from
the perspective of the human-water relationship discipline, further analyzing the potential
of applying the human-water relationship to research on complex basin problems. In the
study by Meng Qiu et al. (contribution 10), the “synthesis—dynamic-harmonious” water
distribution method (SDH) was proposed and applied to analyze the real condition of the
Yellow River. Using the SDH method, the authors recalculated the new water distribution
scheme for the Yellow River. Jinxin Zhang et al. (contribution 11) introduced the theory of
human-water harmony to guide the allocation of regional water resources. Weinan Lu et al.
(contribution 12) studied the spatial-temporal dynamics and influencing factors of green
efficiency of agricultural water use in the Yellow River Basin, aiming to improve the green
efficiency of agricultural water use (AWGE). The study by Cui Chang et al. (contribution
13) preliminarily established the thresholds for agricultural water-saving measures in the
Helan Irrigation Area of Ningxia, taking the constraints of groundwater depth into account.

In category D, “Basin Ecological Protection and Environmental pollution remediation”,
the study by Yi Cheng et al. (contribution 14) analyzed the spatiotemporal variations in
vegetation cover in the Yellow River Basin from 1982 to 2021 and their primary influencing
factors. The vegetation cover was jointly affected by climate change and human activities,
where human activities commonly have a more significant impact on vegetation cover.
Ying Liu et al. (contribution 15) initially established a watershed ecological compensation
mechanism based on evolutionary game theory and random processes, laying a theoretical
foundation for the systematic establishment of ecological compensation mechanisms in the
Yellow River Basin. In the study by Huaibin Wei et al. (contribution 16), potential ecological
risks and sources of heavy metal pollutants were found in river sediments of a certain
city in the water diversion area of the Yellow River, indicating that the highest potential
ecological risk level is associated with mercury (Hg). Xiaoming Mao et al. (contribution 17)
analyzed and discussed the types of chemicals and sources of groundwater in a landfill site
and its surrounding area in a downstream city of the Yellow River, further evaluating the
risks of groundwater contamination to human health.

In category E, “Water—sediment relationship of the Yellow River Basin”, Suiji Wang
et al. (contribution 18) analyzed the changes in the water-sediment process of the Yellow
River. As time progresses, variations in annual runoff and sediment content exhibit dispari-
ties, primarily stemming from activities such as afforestation, terrace construction, check
dam construction, and the adoption of new river management measures.

For category F, “Yellow River Governance”, Li Gong et al. (contribution 19) numeri-
cally analyzed the collision process between an ice body and a tunnel, aiming to reduce
the risk of water transmission tunnels being damaged by drift ice. The study by Jianyong
Hu et al. (contribution 20) investigated the effect of multi-cross structures on the flood
discharge capacity of mountain rivers of the Yellow River Basin, showcasing the significant
impact of multi-cross structures.
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3. Research Progress on Key Scientific Issues in the Yellow River Basin
3.1. Water System and Economic Society System

Scholars have conducted extensive explorations of the relationship between water
resource utilization and the development of the economic society in the Yellow River
Basin [1-3]. Research perspectives include harmony, matching, balance, coordination, and
decoupling. The specific research content includes the supportive role of water resource
utilization in the development of an economic society, the stress effect of economic society
development on the water system, and their bidirectional feedback mechanism. This can
be distinguished from the analysis of the correlation between representative elements of
the two systems. It is essential to delve into the interaction mechanisms between systems
during the evolution process and elucidate the impact mechanisms of internal elements and
external factors on the evolution of the coupled system. Secondly, it is crucial to elucidate
the mechanisms of water consumption in response to the environmental changes within the
Yellow River Basin. Research on the impact of factors such as climate change, population
growth, and industrial restructuring on the water demands of various industries can reveal
the dynamic evolution mechanisms of water consumption in everyday living, as well as
the agricultural and industrial sectors. Then, the possible nodes and potential causes of
water use peaks can be analyzed. Thirdly, there is an urgent need to conduct a special
study on the threshold of water resource utilization [4]. In the context of the prominent
contradictions between water supply and demand and the insufficient water environment
carrying capacity, it is significant to coordinate ecological water demand and the economic
society’s water use, determining the threshold of water resource utilization, which is also
a prerequisite for optimizing water resource allocation. Lastly, an optimal study of the
coordinated development path of water resources, economic society, and the ecological
environment is crucial [5]. Exploring the best strategies for coordinated development
to balance water resource utilization, economic growth, and ecological protection can
provide scientific guidance for managing the human-water relationship and achieving the
sustainable development of the Yellow River Basin.

3.2. Water Resources Allocation

The current water resources allocation of the provinces in the Yellow River Basin is
primarily based on the “87 water division” plan of the Yellow River Basin, which was
promulgated in 1987. This plan has significantly contributed to fostering the coordinated
development of the economy, society, and ecology within the basin. However, given the
progress made in the economy and society, as well as the implementation of a national
water network strategy, it is imperative to explore water resource allocation and network
construction within the Yellow River basin from diverse research perspectives. Scholars
have examined the water resources allocation scheme in this region, considering aspects
such as equity, efficiency, and environmental flow requirements. Considering national
water network construction demands, there is an urgent need to investigate how such
construction influences patterns of water resource allocation [6,7]. Although a limited
number of scholars have explored water resource allocation patterns related to transfer
projects, relevant studies remain scarce [8]. As development continues along the western
route of the South-to-North Water Transfer Project, researching water resource allocation
during water network construction will become a crucial issue for stakeholders within
the Yellow River basin. Furthermore, it is essential to enhance research on the simulation
of various aspects related to water network facilities like river network runoff and pipe
network drainage systems so that they can serve as references when studying water
resources allocation during water network construction [9,10].

3.3. Efficient Utilization of Water Resources

The water resource base in the Yellow River Basin is insufficient, with a per capita water
availability of only 18% of the national average. However, the intensity of development
and utilization far exceeds the typical threshold for river systems [11]. Moreover, the water
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utilization efficiency in the Yellow River Basin is relatively low, with a staggering water
consumption of 56 m? per unit of GDP in 2020, significantly surpassing levels observed
in advanced regions both domestically and internationally. After the introduction of the
significant national strategy for ecological protection and high-quality development in
the Yellow River Basin, efficient water resource utilization has become a fundamental
objective for the future development of the basin [12]. Research on the efficient utilization
of water resources in the Yellow River Basin has garnered attention, yielding high-quality
research outcomes in areas such as water-saving irrigation techniques [13], water rights
trading systems [14], efficiency assessments of water resource utilization [15], and models
for water resource management [16]. It can be asserted that there is a wealth of theoretical
exploration and applied practices in the research addressing the efficient utilization of
water resources in the Yellow River Basin. Despite the continuous improvements in the
level of water resource utilization in the Yellow River Basin in recent years, the intensity of
water resource development and utilization has approached its upper limit, while the scale
of economic and social development in the basin continues to expand rapidly. Given the
fragile water resource foundation in the Yellow River Basin, conducting specific research
on the efficient utilization of water resources for specific purposes remains of significant
importance. The Yellow River Basin still grapples with numerous pressing challenges
in water resource utilization. These include issues such as the need for improvements
in the construction of inter-basin water transfer projects and the optimization of water
supply security layout [17]. Challenges also arise in the comprehensive utilization and
unified allocation of unconventional water sources [18]. Additionally, there is a need to
address smart water-saving management in the Yellow River irrigation areas [19]. The
resolution of the aforementioned issues would play a crucial role in comprehensively
achieving water resource conservation and intensive utilization in the Yellow River Basin.
It also represents an incremental requirement for future research in the field of efficient
water resource utilization.

3.4. Basin Ecological Protection and Environmental Restoration

In the realm of ecological preservation, the Yellow River Basin stands out due to its
pronounced ecological fragility when juxtaposed with the comparatively more resilient
Yangtze River Basin. This fragility is exacerbated by the prevailing developmental tra-
jectory of resource-based industries within the basin [20]. Concurrently, certain regions
within the basin are experiencing heightened levels of ecological degradation, revealing
an imbalance in ecological restoration and governance efforts. It is imperative to establish
a comprehensive ecological management and restoration framework. Such a framework
must encompass fundamental ecological priorities, the constraints dictated by carrying
capacity considerations, and the intricate interplay of both internal and external driving
forces [21]. For the environmental protection issues, significant achievements have been
made in the protection of the aquatic ecosystem in the Yellow River Basin. However,
this still faces numerous bottlenecks, constraints, and challenges, with many urgent and
prominent issues awaiting resolution. The current water quality assessment system does
not incorporate the monitoring of indicators of emerging pollutants, such as microplastics,
polycyclic aromatic hydrocarbons, antibiotic pollutants, and PFAS pollutants. For instance,
microplastic pollutants and antibiotics have been detected in multiple sections of the Yel-
low River [22-25]. Overall, the key issue facing the Yellow River Basin at present is the
coexistence of traditional and emerging pollutants jointly affecting the pollution status and
ecological risks of the basin’s water environment. Although traditional pollutants have
met the required standards throughout the main stream of the Yellow River Basin, the
achievement of comprehensive improvements in water quality still faces a complex and
challenging situation, with significant tasks remaining regarding the prevention and control
of pollution in tributaries. Emerging pollutants have not yet been effectively incorporated
into the monitoring system. Their complex molecules and microstructures lead to a diverse
and unpredictable interface for physicochemical interactions and migration mechanisms.
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Under the conditions of a high sediment content and historically high sediment flux in the
Yellow River, it is of great significance to conduct an in-depth study of the existence and
migration potential of diverse pollutants in the Yellow River Basin based on the interface
properties of the basin sediment and pollutants. When relying on the potential degrada-
tion mechanism of the Yellow River sediment to degrade pollutants when predicting the
environmental restoration potential of sediment interfaces [26], it is essential to conduct an
in-depth study of pollutant migration and removal in the Yellow River.

3.5. Water—Sediment Relationship in the Yellow River Basin

The Yellow River boasts the world’s highest sediment concentration, presenting a
complex challenge, expressed as follows: “less water but more sediment, plus the imbalance
of water-sediment relationship”. Water—sediment regulation in the Yellow River Basin is
of pivotal importance in China’s water resources management. Numerous scholars have
systematically researched the characteristics, causes, patterns, and development trends
of water-sediment changes in the Yellow River, laying an essential scientific foundation
for its governance and development [27,28]. With the development of the economy and
society, coupled with the impact of climate change, the balance of the water-sediment
relationship faces escalating challenges [29]. In response to this evolving scenario, the
following research areas are imperative: (a) establishing a more comprehensive and refined
water-sediment monitoring system to explore the integrated use of remote sensing, ground
monitoring, sensor networks, and numerical simulation methods to achieve the high
spatiotemporal resolution monitoring of hydrological elements and sediment movement
within the basin; (b) furthering research on the interaction mechanisms between water
and sediment under climate change and human activities [30] to dynamically simulate
the interaction process between water and sediment under climate change and strengthen
research on the impact of human activities on the water—sediment relationship, particularly
factors like urbanization, agricultural development, and industrialization; (c) constructing
a multi-level and multi-dimensional water—sediment balance threshold system for the
Yellow River Basin, as different balance states exist for water-sediment processes in the
Yellow River during various periods and under diverse boundary conditions, making it
essential to determine indicators and thresholds for coordinated water—sediment regulation
across the entire basin under the demand of high-quality development; (d) conducting
special research on intelligent water—sediment regulation technology and decision-making
systems [31], including the development of multi-objective joint optimization scheduling
technology for water and sediment, the construction of intelligent models to simulate and
regulate the water-sediment evolution, and the building of a decision support system for
the comprehensive management of river channels and beaches.

3.6. Outlook on Yellow River Governance and Cultural Excavation

As the mother river of China, the governance and historical evolution of the Yellow
River not only reflect the millennium of struggle and harmony between the Chinese people
and the natural environment, but also embody profound cultural values. The governance
of the Yellow River Basin has a long history of development, and the research results
have been fruitful. However, with the changes in the characteristics of the new era, the
demands for Yellow River management have also changed. At present, there is still a
lack of research on the modern water management strategy of the Yellow River Basin in
combination with the characteristics of China’s new era. For example, the current water
conservancy development in the new era requires that the Yellow River governance pays
attention to development quality, ecological protection, the human—water relationship,
scientific and technological innovation, and institutional changes [32-35]. In general, with
the development of the times, research on the governance of the Yellow River Basin cannot
remain unchanged. It is necessary to study the modern water control strategy of the Yellow
River to meet the needs of the new era. This includes further research on governance
strategies for the Yellow River Basin against the background of high-quality development,
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more in-depth research on the relationship between humans and water with the goal of
the harmonious coexistence of humans and nature, and strengthening research on smart
technology for watershed governance in changing environments. In addition, long-term
environmental pressure and rapid socio-economic development have put some of China’s
cultural heritage at risk of disappearing. This necessitates the gradual integration of cul-
tural heritage preservation and an exploration into historical values as crucial components
in addressing this issue [36]. In the future, the Yellow River governance needs to strengthen
its integration with cultural excavation. Through scientific and technological means and
interdisciplinary research, digital and virtual reality technologies should be fully utilized
to conduct systematic research on the excavation, protection, and restoration of cultural
heritage in the governance process of the Yellow River Basin. This will lead to new contri-
butions to the research and protection of this great river by carrying out the bidirectional
work of the comprehensive management and cultural excavation of the Yellow River basin.
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