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Abstract

The modernization of hydrological forecasting in the Yangtze River Basin represents a comprehensive response to climate
change, integrated water governance, and national security needs. This paper reviews major achievements in constructing a
basin-wide monitoring network and a prototype digital twin platform, forming a new framework that links atmosphere, land,
water, and infrastructure. Through the integration of multiscale seamless precipitation coupling forecasts, distributed
hydrological simulations, forward—inverse coupled reservoir scheduling, multisource probabilistic forecasting, and intelligent
evolutionary correction, forecasting accuracy has markedly improved. Practical applications during the 2020 flood and the
2022 drought demonstrated substantial socio-economic benefits — preventing the activation of the Jingjiang Flood Diversion
Area and protecting over 13 million people from water scarcity. The study identifies four strategic directions for future
progress: Al-driven forecasting, diversified element integration, refined distributed modeling, and smart system architecture
optimization. It argues that hybrid mechanism — data modeling and digital twin technologies — will be pivotal for realizing
intelligent, anticipatory basin governance. The modernization experience of the Yangtze River Basin thus offers a globally
applicable “Yangtze Model” for intelligent management of mega river systems.
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AHHOTaMs

MopepHu3alLyst THAPOJOrMYEeCKOT0 TIPOTHO3UPOBaHuUs B OacceliHe peky SHII3bI TIpe/iCTaBsIeT COO0M KOMIIEKCHBIN OTBET
Ha U3MeHeHUe K/IMMara, KOMIUIEKCHOe YIpaB/lieHWe BOJHbIMK pecypcaMd W NMOTpeOHOCTH HallMoHa/lIbHOUM Oe3omacHocTtu. B
JTAHHOW CTaThe pacCMATPUBAIOTCS OCHOBHBbIE ZIOCTWKEHWs B CO3/laHMM CEeTH MOHUTOpPUHra Bcero GacceliHa M MPOTOTHMA
11aT(hOPMBI IUPPOBBIX TBOMHUKOB, (POPMUPYIOIel HOBYIO CTPYKTYPY, CBSI3bIBAIOIIYIO aTtMoc(depy, CyIly, BOAHbIE peCyPChl U
uHGpacTpykTypy. braromaps WHTerpalud MHOTOMACIUTA0HBIX 6eCIIOBHBIX TMPOTHO30B OCAJKOB, pacrpe/ie/leHHOTO
THUZPOJIOTUUECKOTO MOJE/IMPOBaHuUs], MPSIMOr0 U 0OPaTHOTO COTPSDKEHUs MIaHUPOBaHUSI BOAOXPAHW/IMIL, BEPOSITHOCTHOTO
TIPOTHO3UPOBAHKUS C WCIHOMb30BaHUEM HECKOJIbKMX MCTOUHMKOB M HMHTE/IeKTYarbHOM SBOJIFOLIMOHHON KOPPEKLMH, TOUHOCTh
TPOrHO30B 3HAUYMUTEJILHO IMOBbICWIACh. IIpakThueckoe rpuMmeHeHue BO BpeMsi HaBozgHeHus1 2020 roza u 3acyxu 2022 ropa
TIPOZIEMOHCTPHPOBAJIO CyIlleCTBEHHbIE COL[A/bHO-9KOHOMUYECKHe TIPeMMYILeCcTBa, IIpeloTBPaTUB aKTUBU3aLUI0 30HbI OTBOAA
naBofKOB LI3WHIBAH U 3aiuTHB Oosiee 13 MUIIMOHOB uesioBeK OT Jeduiyrta BoAbl. B uccieoBaHUM OTIpeZiesieHbl YeThbipe
CTpaTeruuecKuX HarpaBieHus Oyayliero rmporpecca: TPOTHO3MPOBAaHME HAa OCHOBE WCKYCCTBEHHOTO WHTEJJIEKTa,
IuBepCUUIMPOBaHHAs WHTErpalysl 3JIeMEeHTOB, yCOBEPIIIeHCTBOBAaHHOEe pacIipefiesieHHOe MOJe/IMpOBaHue U ONTUMH3alvst
apXUTEKTYPbl UHTE/IIEKTyalbHbIX CUCTEM. B cTaTbe yTBepXKIAeTCs, UTO TMOPUAHBIE MeXaHW3Mbl MOAEMUPOBAHUS JAHHBIX U
TeXHOIOTUMA LM(PPOBLIX ABOMHUKOB OyJyT WrpaTb K/IFOUEBYIO pO/b B peayM3aliil WHTe/IeKTyaJbHOTO, OIepeskaloiiero
yripaB/ieHust 6acceiiHoM. Takum 06pa3oM, OMBIT MOZiepHU3aluK OacceiiHa peku SHL3BI MpeAaraeT robasbHO TPUMEHHUMYHO
«MOJieJb STHII3bI» [71S1 UHTe/UIeKTYanbHOrO yIpaB/ieHUs MerapeyHbIMU CUCTeMaMH.

KiwueBble coBa: BacceiiH peku SHI3BI, TMAPOJIOTMUECKOe TPOTHO3WpOBaHWe, LU(poBoN JBONHHUK, Oopbba C
HaBOZHEHUSIMU U 3aCyXaMH, UCKYCCTBEHHBIN WHTeJIIEKT.

Introduction

As the core region of China’s socioeconomic development, the Yangtze River Basin covers one fifth of the nation’s
territory yet supports over one third of its population and economic output [1]. Facing the world’s largest water resources
engineering system — comprising cascade reservoirs, interbasin water diversion projects, and flood detention areas—precise
and timely hydrological forecasting is a crucial foundation for the scientific operation of hydraulic projects. However, as the
largest river basin in China, the Yangtze River faces both natural and anthropogenic challenges in hydrological forecasting. The
basin’s complex topography spanning three geomorphological steps, spatially and temporally uneven monsoonal precipitation,
and intensifying human activities all contribute to making accurate hydrological forecasting a highly complex and challenging
task [2], [3], [4].
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This paper analyzes and summarizes the Yangtze River Basin’s practical experience in building an integrated monitoring
network and a prototype digital twin platform, outlines key technological innovations that have driven forecasting from
empirical approaches toward intelligent systems, and reviews the major advances in monitoring, digital platforms, and core
technologies, as well as the significant benefits achieved in flood and drought management.

The practice of Yangtze River hydrological forecasting in improving the accuracy of flood operation forecasting

After years of technical iteration and operational practice, the accuracy of rainfall and runoff forecasting across the
Yangtze River Basin has greatly improved. According to the Hydrology Bureau’s rainfall forecast scoring system, during the
flood season, the average score for 72 hour areal rainfall forecasts exceeds 88, and the accuracy of medium term forecasts (4—
10 days) exceeds 80 — both surpassing standard product requirements [5], [6].

For the Three Gorges Reservoir, short term (1-3 d) inflow forecasts maintain a mean relative error below 10%, while
medium term (4-10 d) forecasts have errors ranging from 8% to 22,7%. Monthly inflow trend forecasts achieve an accuracy of
73%. For the middle and lower reaches of the Yangtze, water level forecasts within 72 hours have an average deviation of less
than 0.20 m between Chenglingji and Datong stations, and key floods can be accurately predicted 3-5 days in advance. Long
term forecasts can effectively identify flood—drought trends during the main flood season and refine spatial drought—flood
distributions through monthly and autumnal projections.

Overall, current hydrometeorological forecasts in the basin can accurately capture heavy rainfall events, flood peaks,
timing, and volume, providing strong support for the scientific operation of hydraulic projects [7], [8].

The practice of Yangtze River hydrological forecasting in flood and dry season forecasting

3.1. The 2020 Basinwide Flood

In 2020, the Yangtze River Basin experienced a major flood event. In mid-August, heavy inflows occurred in the Min—-Tuo
and Jialing Rivers, producing the largest flood since the impoundment of the Three Gorges Reservoir, with a peak inflow of
78,000 m3/s (08:00, August 20). The short to medium term forecasts accurately predicted, one week in advance, heavy rainfall
exceeding 250 mm across the Min—Tuo and Jialing River basins and forecasted a compound flood exceeding 60,000 m3/s
entering the reservoir. Subsequent rolling updates yielded a final forecast that matched observed inflows with high precision.

Based on these forecasts, upstream reservoirs were jointly and precisely operated, intercepting 19 billion m?3 of floodwater.
Analysis shows that the flood peak at Cuntan Station, originally a 90-year recurrence event (130 year in flood volume), was
reduced to a 20 year (40 year) level, significantly alleviating downstream flood pressure and avoiding the activation of the
Jingjiang Flood Diversion Area —preventing economic losses exceeding 10 billion RMB [9].

3.2. The 2022 Drought Forecast and Response

During the 2022 flood season, the Yangtze River Basin suffered the most severe meteorological and hydrological drought
since 1961, with record low water levels in the middle and lower reaches. The Hydrology Bureau accurately predicted potential
drought conditions in early warnings issued before the flood season and reaffirmed severe drought risks in July, followed by
timely low water alerts. Between July and October, nearly 600 forecast bulletins and analytical reports were released, covering
hydrological conditions, short and medium term rainfall forecasts, and drought situation assessments.

For Hankou Station, the water level was forecasted to drop below 13,30 m five days in advance and below 12,80 m two
days in advance; for Datong Station, discharges below 10,000 m?%/s were predicted six days in advance.

Based on these forecasts, two “Joint Drought Relief and Water Supply Operations” and one “AntiSalt Intrusion Water
Supply Operation” were implemented across the upper and middle basins. These measures improved water intake conditions
along the middle and lower main stem, the two lakes region, and the Yangtze estuary, benefiting 13,85 million rural residents.
The operations ensured irrigation water for 4,316 million hectares of autumn crops across 356 major irrigation zones. An
additional 50,1 million m3 of water was supplied to the estuary, while upstream reservoir storage reached 49,59 billion m? by
the end of the flood season—safeguarding food and water security [10].

Prospects for the Modernization of Hydrological Forecasting

The modernization of hydrological forecasting in the Yangtze River Basin is essential for climate adaptation, integrated
water governance, and efficient water resource utilization. Future progress can be made across four major dimensions: artificial
intelligence, diversified forecast elements, refined distributed modeling, and system architecture optimization.

1) Artificial Intelligence Redefining Hydrological Cognition.

Al-driven forecasting models will be at the core of future progress. Reinforcement learning can optimize multiobjective
scheduling decisions, while computer vision can extract information from satellite imagery. The construction of basin scale
knowledge graphs linking historical disaster cases with real-time monitoring data will enable intelligent diagnosis, warning,
and automated emergency response recommendations.

2) Diversification and Deep Integration of Forecast Elements.

Modern hydrological forecasting must transcend traditional flow and stage monitoring frameworks. Integration of satellite-
based precipitation retrieval, IoT-based soil moisture sensing, UAV-based terrain mapping, and reservoir operation data will
establish multidimensional coupling among hydrological, meteorological, salinity, and drought variables. Such diversification
enhances scientific coordination of hydraulic operations under extreme conditions and provides a full element decision
foundation for flood defense, water environment protection, and ecological restoration.

3) Enhancing Refinement of Distributed Hydrological Simulation.

Building on the complexity and systemic nature of the basin, remote sensing, IoT, and ground-based observation data
should be integrated to form a high-resolution (L3level) all element digital foundation. Developing kilometer scale digital
mirrors of the basin enables distributed hydrological simulation that accounts for both hydraulic regulation and urbanization
impacts. This refined modeling framework supports precise simulation of full basin water cycle processes and deepens the
application of distributed models in flood and drought early warning.

4) Modernizing Forecast Systems to Support Smart Governance.
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The construction of forecasting systems should aim to establish three defensive lines supporting four integrated functions
— forecasting, early warning, rehearsal, and planning. This comprehensive framework will form a full chain technology
system linking “atmosphere—precipitation—runoff—infrastructure”. Consistent with the goals of the Digital Twin Basin, a new
model integrating physical and digital systems should be continuously advanced. By leveraging the rapid iteration and low-cost
testing advantages of digital twin platforms, and through the deep fusion of data, algorithms, and computing power, virtual
simulations and optimization of flood scheduling schemes can be realized — enhancing flood control and disaster reduction
across the basin.

The modernization of hydrological forecasting in the Yangtze River Basin should thus follow a “one—two-three—four”
strategic pathway: guided by a structured framework (“one”), driven by artificial intelligence (“two”), powered by refinement
and diversification (“three”), and integrated within digitalized information systems (“four”) — achieving a transition from
water management (Zhishui) tosmart water governance (Zhishui), and providing a solid foundation for the high quality
development of the Yangtze River Economic Belt.

Conclusion

The modernization of hydrological forecasting in the Yangtze River Basin is not only a strategic response to climate
change and a cornerstone of integrated basin management but also a vital component of national security and disaster
resilience. The Yangtze River Basin has developed an integrated “atmosphere—land—water—infrastructure” monitoring network
and a digital twin platform, facilitating the transformation of forecasting from empirical to intelligent systems.

At the technical core, the development of multiscale seamless precipitation coupling forecasts, distributed hydrological
simulation, forward—inverse coupled reservoir scheduling, multisource probabilistic flood forecasting, intelligent evolutionary
correction, and full cycle real-time scheduling has significantly enhanced forecasting accuracy.

In practical application, the 2020 flood forecasts successfully prevented the activation of the Jingjiang Flood Diversion
Area, reducing flood losses by more than 10 billion RMB. The 2022 drought response scheduling benefited 13,85 million
people, safeguarding food and water security.

Nevertheless, challenges remain — particularly the impacts of climate change on hydrological processes, the nonlinear
influence of reservoir systems, and conflicts in multiobjective decision-making. Future progress should focus on integrating
digital twin technologies and Al, overcoming multiscale model coupling bottlenecks, and establishing a new hybrid paradigm
that merges physical and digital domains. The experience of the Yangtze River Basin can thus provide a “Yangtze Model” for
intelligent governance of mega river basins worldwide.
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