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Abstract 

The Yangtze River, the largest river in China, has been facing major challenges in massive flooding and eco-environ-
mental health over the past decades. Sustainable socioeconomic development in the Yangtze River Basin depends 
on water and ecosystem security. This overview addresses eco-water security under the changing environment of 
the Yangtze River Basin. Looking forward to a healthy Yangtze River in the future, there are still uncertainties regarding 
how to assess and wisely manage the Yangtze River through a systematic, integrated approach applied to multiple 
dimensions, water, biodiversity, ecological services, and resilience, for the sustainable development of ecosystems and 
human beings. The Yangtze Simulator, an integrated river basin model powered by artificial intelligence and interdis-
ciplinary science, is introduced and discussed, and it will serve as a robust tool for good governance of the Yangtze 
River Basin.
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Introduction
The world’s large rivers and their basins are of great 
importance for providing indispensable services to sup-
port human well-being (Zalewski et al. 2016; Castello and 
Macedo 2016; Zalewski 2013). These large river basins 
feed human civilization, support growing populations, 
and constitute diverse landscapes and ecosystems (Best 
2019). Nevertheless, large river basins have suffered irre-
versible and irreparable changes since the Industrial Rev-
olution. The expansion of human activities in river basins 
for thousands of years has led to the occupation of large 
areas for human settlements, e.g. cities, towns, farm-
land for food production, dams and reservoir impound-
ments for water and energy supply, and waterways for 
trade, intake and sewers (Best 2019). Unprecedented 

growth of the human footprint in the world’s large river 
basins has been changing all aspects of river basin eco-
systems: landscape diversity, geo-morphology of river 
channels, hydrology, biogeochemistry and biodiversity 
(Ramachandra et al. 2018, 2020). In addition, accelerating 
global warming and the increasing occurrence of extreme 
climate events drastically manipulate or even degrade 
the ecosystem services of the world’s large rivers (Den-
man et  al. 2007), decreasing the value of these ecosys-
tem services and their functioning in large river basins. 
Thus, the calls for sustainable development in the world’s 
large river basins—to adapt to global climate change in 
support of the well-being of human society—have never 
been so urgent as in the past few decades.

The Yangtze River is called the mother river in China. 
Since the economic reform initiated in 1979, remarkable 
economic growth has been associated with large cam-
paigns of exploitation in the Yangtze River Basin (Han 
et  al. 2017; Chen et  al. 2009). Under the impacts of cli-
mate change and land-use and cover change, the Yangtze 
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River Basin faces a series of challenges. These include 
the degradation of aquatic ecosystems and water qual-
ity and increases in the frequencies of extreme floods 
or drought (Liu et al. 2020). While the past few decades 
have witnessed the apparent deterioration of the Yangtze 
River ecosystem, the public has called for the restoration 
of ecosystem services and the promotion of sustainable 
development (Yang et al. 2020,2016; Xu et al. 2018).

This overview addresses eco-water security and sus-
tainable development in the Yangtze River basin under a 
changing environment. First, we review the current situa-
tion and problems of the eco-environment in the Yangtze 
River Basin. Then, we discuss the challenges of eco-water 
security in the Yangtze River. Finally, the Yangtze Simula-
tor is introduced as an integrated modelling system for 
the evaluation of eco-water security in the Yangtze River 
Basin.

Eco‑environmental change in the Yangtze River 
and its consequences
The Yangtze River, as the largest river in China and the 
third largest river in the world, plays a key role in both 
socioeconomic development and ecosystem services in 
China (Fig. 1). It rises in the Tanggula Mountains on the 
Plateau of Tibet and flows in a generally easterly direc-
tion to the East China Sea, traversing or serving as the 
border between 10 provinces or regions in China. It 
has a river basin area of approximately 1.8 million  km2, 
approximately one-fifth of the land area of China. The 

discharge of the Yangtze River ranges between 2000 and 
110,000 m3 s–1, with an average of 30,146 m3 s–1. Holding 
approximately one-third of China’s population (400 mil-
lion), the Yangtze River Basin has played a major role in 
the history, culture and economy of China. For thousands 
of years, the river has been used for water, irrigation, san-
itation, transportation, industry, etc.

Over the past several decades, especially after the 
reform and opening-up of China in the late 1970s, the 
Yangtze River has been experiencing drastic environmen-
tal change under a number of anthropogenic stressors, 
including damming campaigns, anthropogenic pollution, 
the introduction of nonnative species, and sediment min-
ing. These stressors have challenged the biological integ-
rity and sustainable development in the river basin.

Damming campaign for flood control and renewable 
energy
Floods of the Yangtze River in central and eastern China 
occur periodically, causing considerable destruction of 
property and loss of life. Among the most recent major 
flood events are those of 1870, 1931, 1954, 1998, 2010, 
and 2020 (Feng 2011; Betts et al. 2006). Economic booms 
have resulted from damming on both the main stem 
and tributaries of the Yangtze River, initiated in the late 
1970s. This campaign was launched partially to meet 
the growing needs of renewable electricity to support 
the emergence of the regional economy and sustained 
socioeconomic growth, and partially for flood control to 

Fig. 1  Schematic diagram of the Yangtze River Basin in China, and the large-scale hydropower plants in the upper Yangtze River Basin
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secure downstream human settlements (Chen et al. 2016; 
Shi et al. 2019). At present, over 60,000 dams exist in the 
Yangtze main stem and tributaries. Over the past 2 dec-
ades, large-scale hydropower cascade development on 
the upper reaches of the Yangtze River, symbolized by the 
Three Gorges Dam, has been increasing.

Land use and cover change and urbanization 
for the growing population
The Yangtze River Basin has witnessed accelerating 
urbanization and industrialization caused by the grow-
ing population and economic booms during the last 4 
decades. A recent study by Li et  al. (2020) showed that 
agricultural land, grassland, and unused land in the 
Yangtze River Basin decreased by 5.9%, 1.0%, and 17.4%, 
respectively, from 1980 to 2015. In contrast, human set-
tlements—i.e. land for industry, towns, and cities—dra-
matically increased from nearly 2.0 × 104 km2 in 1980 to 
4.8 × 104 km2 in 2015.

Climate change increased uncertainties in the hydrology 
of the Yangtze River
Climate change gradually and evidently impacts the 
hydrological cycle in the Yangtze River Basin (Allan et al. 
2013; Xia 2012). Meteorological records reveal a signifi-
cant gradual increase in air temperature and precipita-
tion in the upper Yangtze River, particularly in the source 
region (Wen et al. 2020; Xu et al. 2019; Chai et al. 2019). 
Increased frequencies of extreme events, such as severe 
floods and droughts, were also reported to be unavoid-
able in the middle and lower parts of the Yangtze River 
(Li et al. 2020; Ye et al. 2020). For example, severe floods 
impacted 8 provinces in the Yangtze River Basin in 2020, 
causing economic damage of more than 40 billion CNY 
(Fig. 2).

Consequences and challenges for ecological sustainability 
in the Yangtze River Basin
Recognizing the fact that the Yangtze River Basin plays 
vital roles in China’s socioeconomic development, the 

Yangtze River ecosystem has been suffering overwhelmed 
anthropogenic and climate change stresses, causing evi-
dent and shocking deterioration. For a period of time, 
“large-scale investment” and “large-scale development” 
have sounded alarms for the Yangtze River ecosystem. 
These include the development of the chemical industry 
and corresponding increases in domestic and industrial 
wastewater discharge, illegal wharf and sand mining, 
wetland shrinkage and land-use change, and habitat loss 
(Floehr et al. 2013; Qi et al. 2014; Han et al. 2018; Mor-
gan and Waretini 2013). Increased anthropogenic pollu-
tion has decreased the water quality in the Yangtze River, 
especially in its tributaries and reaches in urbanized areas 
since the 1980s (Di et  al. 2019; Sun et  al. 2013; Li et  al. 
2018). This also caused accelerated eutrophication and 
increases in algal blooms in downstream lakes and ponds 
in the Yangtze River Basin, such as Donghu Lake (Wang 
et al. 2012), Taihu Lake (Xu et al. 2010), and Chaohu Lake 
(Le et  al. 2010; Krueger et  al. 2012). Aquatic biodiver-
sity has drastically declined since the 1980s as a result of 
damming and increases in anthropogenic pollution and 
river navigation (Wang and Huang 2020). The stocks of 
historically abundant, economically important fish spe-
cies in the Yangtze River, such as black carp (Mylophar-
yngodon piceus), grass carp (Ctenopharyngodon idellus), 
silver carp (Hypophthalmichthys molitrix), and bighead 
carp (Aristichthys nobilis), were also reported to dramati-
cally decline between 2000 and 2010 (Chen et al. 2009). 
In addition, climate change has shaped the Yangtze River 
Basin and its eco-environment, as well as its socioeco-
nomic development (Gu et al. 2011). Simultaneously, the 
drastic decline in river biodiversity and ecosystem func-
tioning did not stop this “rush” for economic develop-
ment in the Yangtze River Basin over the past 10 years. 
The Yangtze River was declared “sick” and significantly 
limited in meeting the goals of sustainable development.

While the past decades witnessed a fast-growing 
economy and population expansion in the Yangtze River 
Basin, drastically increasing anthropogenic stresses have 
also been imposed on the Yangtze River ecosystem. All 

Fig. 2  Severe floods in the Yangtze River Basin in 2020
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these stresses shape the challenges of ecosystem sustain-
ability in the Yangtze River Basin: (i) how can we control 
the sources and processes of anthropogenic pollution and 
disturbance to foster good governance that prioritizes 
Yangtze River protection?, and (ii) how can we sustain 
the Yangtze River ecosystem through integrated multidi-
mensional management?

Ecohydrology for improving the sustainability 
of the Yangtze River Basin
Brief introduction of ecohydrology
The increasing human population and degradation of 
the biological integrity of ecosystems have greatly threat-
ened water and ecological security. Ecohydrology offers a 
holistic approach to this problem, with effective tools for 
water resource management and governance. The con-
ceptualization of ecohydrology was based primarily on 
the following starting points: (1) the apparent weakness 
of traditional approaches to water management, based 
on a mechanistic vision of freshwater ecosystem func-
tioning, and (2) the unsustainability of the most com-
mon approaches, based on civil engineering practices 
that were increasingly constrained by funding and energy 
(Zalewski 2002).

The principles of ecohydrology include (Zalewski 2013, 
2015) (1) river basin scale as the fundamental framework, 
(2) enhancement of ecosystem resilience and robustness 
under anthropogenic stress via holistic management as 
the target, and (3) innovation and application of ecologi-
cal engineering as the primary methods. Under the pro-
posed framework of “dual regulation”, i.e. the regulation 
of biota structure and dynamics by hydrology and vice 
versa, the multidimensional goal of ecohydrology has 
been integrated into the following areas: water resources, 
biodiversity, ecosystem services, resilience, and cultural 
heritage (Zalewski et al. 2016, 2018b).

In recent years, the rapid development of ecohydrol-
ogy has led to the emergence of new thoughts on inte-
grated water resource management and governance in 
facing the growing uncertainties and challenges of global 
change (Allan et  al. 2013; Xia 2012; Akhtar et  al. 2013; 
Davies and Simonovic 2011). New questions have been 
raised in the field of ecohydrology.

How do humans and ecosystems interact under climate 
change?
Ecosystem services—i.e. provision, regulation, support, 
and culture—are the benefits people obtain from ecosys-
tems (Guerry et  al. 2015). However, with the expansion 
of the human population and the development of science 
and technology, the natural ecosystems at Earth’s surface 
seem to be entirely affected by human influence (Akhtar 
et  al. 2013, 2018). Particularly in the Anthropocene 

Epoch, unprecedented anthropogenic activities not only 
significantly modify ecosystem services but also yield 
new regimes of human–ecosystem interactions (Akhtar 
et al. 2013; Davies and Simonovic 2010). Supporting the 
well-being of humans, ecosystems seem to be increas-
ingly “designed” to sustain human needs while gradually 
losing their unspoiled or pristine state (Simonovic and 
Breach 2020; Davies and Simonovic 2011). In particu-
lar, to adapt to climate change or to mitigate its adverse 
effects, new infrastructures or facilities have emerged in 
human settlements to reduce disaster risks and provide 
local economic development. One example is the grow-
ing need for renewable energy and regulation services, 
both for flood control and freshwater storage, through 
dam construction and reservoir creation. While dam-
ming campaigns along river channels could provide 
invaluable support for the above services, freshwater 
ecosystems could become the largest losers of the Paris 
Agreement. Therefore, it is of immense significance to 
balance the trade-offs between sustaining healthy natural 
ecosystems and supporting human well-being.

Water management or governance? And, what is the bottom 
line?
The nouns “management” and “governance” are mostly 
similar, yet they are indeed slightly different. “Govern-
ance” is the strategic task of setting goals, directions, lim-
itations, and accountability frameworks. “Management” 
is the allocation of available resources and overseeing 
smooth operations. With respect to water resources, we 
frequently set various goals to regulate water resources 
in space and time, e.g. flood control, environmental flow, 
and water supply (with or without the priority of water 
quality). Do we manage, or do we govern? Although the 
theoretical framework of ecohydrology emphasizes the 
dual regulation between ecosystems and water under 
multiple dimensions, the questions of how to manage 
or govern such “dual regulations” and what the status of 
“dual regulation” should be sustained still need wisdom 
and case studies. In addition, the “bottom line” (the mini-
mum acceptable level in both spatial and temporal scales) 
of water resource management or governance is not well 
defined. What are the “bottom lines” for human well-
being or sustaining ecosystem functioning? Do they con-
flict, or could they reconcile?

Towards the eco‑water security of the Yangtze River Basin 
for sustainable development
The noun “security” is defined as the quality or state of 
being secure, such as freedom from danger, fear, or anxi-
ety, or freedom from prospect of being laid off. Water 
security has been well defined as “the capacity of a 
population to safeguard sustainable access to adequate 
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quantities of acceptable quality water for sustaining live-
lihoods, human well-being, and socioeconomic devel-
opment, for ensuring protection against water-borne 
pollution and water-related disasters, and for preserving 
ecosystems in a climate of peace and political stability” 
(Braga et al. 2014; Bigas 2013). In general, an ecological 
security discourse is one that orients towards the resil-
ience of ecosystems themselves, with this in turn ena-
bling the protection of the most vulnerable across time, 
space, and species (Hough 2017; de Grenade et al. 2016; 
Cherry 1995). It was initially referred to by the Interna-
tional Institute for Applied Systems Analysis (IIASA) in 
the late 1980s, who expanded the issue of global security 
from conventional war to all aspects in human society, 
including nature, or the ecosystem (IIASA 1989).

Both water resources and ecosystem services pro-
vide fundamental support for human well-being in river 
basins. Here, we propose that eco-water security means 
ensuring extent for ecosystem, such as forest-grass cover, 
rivers and lakes, wetlands and coastal zones and human 
settlements, served for human survival and development 
demands and linked with water cycling in basin or global, 
not allow to be damaged and polluted (Xia et  al. 2020). 
Such conceptual combination roots in a secured water 
resources provision, in both water quantity and quality 
for both human settlements and also for the ecosystem. 
“Damaged’” water cycling failed in the provision of water 
to both human and ecosystem, and “polluted” waters lim-
ited its use to maintain the good status of both human 
well-beings and the ecosystem. The eco-water security 
in river basin has the following principles: (1) river basin 
scale as the fundamental framework; (2) enhancement of 
ecosystems resilience and robustness under the anthro-
pogenic stress via holistic management as the target; (3) 
innovation and application of ecological engineering as 
the methodologies (Zalewski 2013, 2015).

Such conceptual combination, i.e. eco-water security, 
has the following highlights providing strategic solutions 
for the sustainable development of the Yangtze River 
Basin.

Security is the “bottom line” in all four dimensions
The term “eco-water security” clearly illustrates that both 
the ecosystem and water in the Yangtze River shall be 
secured in terms of all decisions and efforts. According 
to Zalewski et al. (2018a), there are four relevant dimen-
sions: biodiversity, resilience, ecosystem services, and 
culture heritage. Security is the fundamental objective of 
good governance of ecosystems and water in the Yangtze 
River Basin (Fig. 3). At present, efforts and measures in 
the Yangtze River, which is the highest-priority river in 
China, include the following aspects:

1.	 Identify the potential threats or risks to ecosystems 
and water cycling under climate change. Such threats 
or risks originated from an increase in extreme cli-
mate events and anthropogenic activities, e.g. the 
development of human settlements along lake-reser-
voir shorelines.

2.	 Protect the availability of water both in quality and 
quantity for both ecosystem and human settlements. 
Such measures have included a large campaign of 
water pollution control and prevention and flood 
management in the Yangtze River Basin, particularly 
in urban areas.

3.	 Implement restoration measures to reduce or stop 
the drastic decline of biodiversity in the Yangtze 
River Basin. Such measures include a fishing ban on 
the Yangtze River and restoration of the fish commu-
nity by annual artificial release of various fish species 
into the Yangtze River.

“Healthy” Yangtze is the goal through good governance
Above the “bottom line” of security, decisions and 
efforts for river basins would be oriented to the 
“healthy” status of the Yangtze River ecosystem. The 
“healthy” Yangtze River is a function of several vari-
ables, such as the human population and settlement 
distribution, socioeconomic development levels, areas 
of natural reserve for ecological restoration, various 
human activities, and potential risks to biodiversity. 
Efforts or measures are needed to prevent deteriora-
tion of both ecosystems and water cycling in the Yang-
tze River Basin. However, more importantly, growing 
tension between ecological conservation and the need 
for socioeconomic development requires wisdom in 
policymaking and governance. It is neither human-
centric nor natural-centric, but it seeks an eclectic 
approach to reconcile the ecological needs and well-
being of humans under a holistic view, driving the 
whole social and economic system in the Yangtze River 
Basin towards a path of green development. Good gov-
ernance does not merely try to manage the available 
resources, it provides robust tools or toolboxes for nat-
ural-based solutions beyond these resources.

Water
Ecosystem Nexus

Security

Healthy
Biodiversity

(habitats, species)

Ecosystem service
(provision, regulating)

Resilience
(adaptation to climate change)

Culture heritage
(for human race)

Fig. 3  Conceptual framework of “eco-water security”
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Yangtze simulator, a model system for eco‑water 
security
Development of the Yangtze simulator
Being acutely aware of eco-water security challenges in 
the Yangtze River Basin and the Yangtze Economic Belt, 
an eco-environmental campaign, namely, the “Great 
Protection Strategy of the Yangtze”, was initiated in 
2016 (Daily 2016), which includes the following major 
actions: (1) large infrastructure investments in sewage 
and waste treatment in Yangtze River Basin cities to 
strengthen pollution control, (2) a 10-year commercial 
fishing ban on the Yangtze River in a bid to protect its 
aquatic life, (3) ecological restoration along the shore-
line and important wetlands, and (4) optimized water 
resource allocation and regulation for ecological needs 
in the Yangtze River Basin.

As an essential technological support to the “Great 
Protection Strategy of the Yangtze River”, the Yangtze 
Simulator was first proposed by Prof. Jun Xia in 2017, 
which then immediately received positive responses 
and was subsequently put into practice. The Yangtze 
Simulator is not merely a numerical model but an inte-
grated system with functions of observation, monitor-
ing, assessment, modelling, prediction, warning, and 
decision support. The Yangtze Simulator, supported 
by big data and artificial intelligence (AI), emphasizes 
the interactions among upstream, middle stream, 

and downstream, as well as interdisciplinary research 
across natural science and social science.

Framework and functions of the Yangtze simulator
The framework of the Yangtze Simulator includes (Fig. 4):

Observation and monitoring networks
Over the past decade, hydrology, meteorology, and water 
environment monitoring in China have made consider-
able progress, and their online monitoring capability with 
high precision has been significantly improved. At pre-
sent, there are thousands of meteorological stations and 
hundreds of hydrological and water environmental moni-
toring stations distributed in the Yangtze River Basin, 
providing real-time hydrological and metrological data 
supporting modelling and prediction. In addition, socio-
economic and demographic data in the Yangtze River 
Basin are also included in the Yangtze Simulator database 
as a supplementary module for decision makers.

Models of hydrology, ecology, and social economy at multiple 
scales
The fundamental models of the Yangtze Simulator are 
hydrological and hydrodynamic models across multiple 
scales. These models include the full river basin hydro-
logical model, regional hydrological model, particularly 
in the urban water system, hydrodynamic model in the 
main stem and major tributaries of the Yangtze River, 

Yangtze Simulator
Computer programs
and software systems

Hydrological cycling and
land use survey

Water quality monitoring

Meteorological monitoring
networks

Ecosystem and biodiversity
observation

Social and economic
observation

Observation
and

monitoring
networks

Multiple
scale model
systems

Global or regional climate model

Hydrological model in river
basin

Natural-based solution Toolbox for
• River-reservoir operation
• Shoreline survey and management
• Cities and towns governance

Hydrological and hydrodynamic
model of river-lake connections

Model for urban water systems

Model for reservoir operation

For Policy makers
• Consulting
• Planning
• Decision-making

For scientists and technicians
• Monitoring and Survey
• Research
• Prediction and forecasting

For public and other stakeholders
• Early Warming
• Adaptation and mitigation

Integration & Innovation

Fig. 4  Framework of the Yangtze Simulator
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and socioeconomic model. Water quality and ecological 
processes are also incorporated into the modelling work 
of the Yangtze Simulator. Ecological processes, for exam-
ple, include the model of food webs in the Yangtze River 
Basin and the landscape model of vegetation recovery 
along the shoreline of the Yangtze River. All these mod-
els will be docked with regional or global climate models 
that support further simulations and projections in the 
Yangtze Simulator.

Integration of multiple‑scale models to simulate ecosystem 
and water cycling
One critical task of the Yangtze Simulator is to integrate 
these models into operational and visible simulation sys-
tems to model multiple stresses on the ecosystem and 
water cycling in the Yangtze River Basin. These multi-
ple stresses, or driving forces, include extreme climate 
events, e.g. regional or full river basin floods or droughts, 
pollution loads from point or nonpoint sources, and 
flow regulation by dams or water diversion projects. The 
Yangtze Simulator will also perform scenario analysis to 
model the responses of the eco-water nexus to projected 
changes in multiple stresses or driving forces, providing 
references or policies for the green development of the 
Yangtze River Basin.

Under the above framework, the Yangtze Simulator 
performs the following functions:

1.	 It offers a platform for integrating data from all 
aspects of ecosystems and water, as well as socioeco-
nomic development, in the Yangtze River Basin. The 
big data system collects information from ecosystems 
and water cycling in the Yangtze River Basin for sev-
eral decades, not merely demographic and economic 
statistics. These sources include historical remote 
sensing data, water quality data, and biodiversity data 
over the past 4 decades, and meteorological data over 
the past 5 decades. It attempts to form a “digital twin” 
background of the historical Yangtze River, which 
is defined as a virtual representation of the Yangtze 
River system to enable understanding, learning, and 
reasoning.

2.	 Although still under development, the Yangtze Sim-
ulator couples a processed-based model and a data-
driven model powered by AI. The multiscale model 
system is expected to provide simulations of the 
current status of ecosystem and water cycling in the 
Yangtze River, separate future scenarios of climate 
change, water regulation and diversion, as well as 
anthropogenic activities in the river basin.

3.	 The innovative idea of the Yangtze Simulator offers 
the opportunity to perform high resolution and 
timely prediction for stakeholders or policy mak-

ers to build future plans, set development goals, or 
take actions. All these efforts will enable the Yangtze 
Simulator to perform multiple functions for different 
users, i.e. the public version, the expert version, and 
the version for policy makers.

The public version of the Yangtze Simulator offers 
the basic and encyclopaedic information of the Yang-
tze River and its reach where the user is located. Such 
information includes the geomorphological characteris-
tics of nearby Yangtze River main stem and tributaries, 
an interactive map of land-use and historical land-use 
changes, socioeconomic data of the nearby cities or 
towns, hydrological and environment data with assess-
ment results, and prewarning functions. In addition, to 
respond to public concerns about biodiversity in the 
Yangtze River Basin, the public version of the Yangtze 
Simulator offers scientific knowledge of the biodiversity 
and protection actions undertaken in the Yangtze River 
Basin. With higher user privileges, the expert version of 
the Yangtze Simulator offers additional modules for sci-
entists and engineers, enabling real-time hydrology and 
meteorological and environmental data for analysis. In 
addition, such an advanced version will provide a “digi-
tal twin” model of upstream dams, Yangtze reaches, 
and shoreline cities (especially mega ones) along the 
river, reservoir, and lakes. Real-time data will provide 
scientists and engineers with comprehensive planning 
for flood control and protection of human settlements, 
as well as infrastructure planning for pollution control 
and protection measures of biodiversity in the Yangtze 
River. In the Yangtze Simulator, the version for policy 
makers provides the following three functions: (a) his-
torical data series and future predictions of hydrologi-
cal–environmental–ecological–socioeconomic data 
with high-resolution land-use and land cover in the 
Yangtze River Basin (especially the shoreline human 
settlements, cities, and towns); (b) visual simulations of 
the Yangtze hydrological–environmental–ecological–
socioeconomic system under different scenarios, such 
as extreme climate events, environmental flow regula-
tion, and different planning scenarios for human settle-
ments; and (c) decision-making recommendations for 
timely decisions by policy makers. In recently years, the 
Yangtze Simulator is being applied to spatial planning 
and management on shoreline of the Yangtze River and 
the sponge city construction, etc. (seen, Xia et al. 2020). 
It is expected that the Yangtze Simulator could serve 
as a basic platform for good governance of the Yangtze 
River Basin.
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Conclusion and perspectives
The Yangtze River Basin is facing great challenges in its 
ecosystem and water security under a changing envi-
ronment. Great protection and green development for 
the Yangtze River are major issues in China, giving new 
demands and opportunities for the application of ecohy-
drology in the Yangtze River Basin. Looking forward to 
a healthy Yangtze River in the future, it is still a major 
challenge to implement integrated management of the 
Yangtze River Basin with regard to water, biodiversity, 
ecological services, and resilience. The Yangtze Simula-
tor, an integrated model system powered by artificial 
intelligence and interdisciplinary science, will serve as a 
robust tool for good government of the Yangtze River.
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