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Fig. 1 Changing process of SPI3 in Zhanghe upstream
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drought severity
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Tab. 6 Joint distribution functions goodness test
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Clayton 0.019 —101.13
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Fig. 3 Spatial distribution of drought duration

and drought severity return period
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Fig. 4 Spatial distribution of joint return period and

co-occurrence return period of drought characteristics
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Application of Copula Function in Analysis of Joint

Drought Characteristics in Zhanghe Upstream
SONG Ya-xuan®",SUO Mei-qin"",LIU Li-bo™"

(a. School of Water Conservancy and Hydroelectric Power; b. Hebei Key Laboratory of Intelligent Water Conservancy,
Hebei University of Engineering, Handan 056038, China)

Abstract: The aim of this paper is to describe the drought events in the Zhanghe upstream comprehensively. Firstly,
monthly precipitation data were selected to calculate standardized precipitation index. And then, both drought duration
and drought severity were identified according to runoff theory. Finally. Copula function was adopted to establish joint
distribution between drought duration and drought severity to explore the spatial and temporal distribution of drought
characteristics. The results show that the highest frequent drought events in the Zhanghe upstream from 2001 to 2020 is
3 months drought, and the drought severity ranges from 2. 24 to 4. 92; There is a strong positive correlation between
drought duration and drought severity, and Frank Copula function is the most optimal joint distribution function of them;
The joint return period of drought characteristics ranges from 18. 56-23. 94 years, and the northwest and southeast parts
of the Zhanghe upstream basin are the two key drought risk areas; The co-occurrence return period of drought character-
istics ranges from 22. 25-31. 94 years, and the northwest, northeast and southeast parts of the Zhanghe upstream basin
are the three key drought risk areas. Consequently, it can be obtained that the joint distribution can analyze drought e-
vents comprehensively, and thus provide scientific guidance for thorough evaluation of drought.

Key words: Zhanghe upstream; Copula function; drought duration; drought severity; joint distribution
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Research and Application of Drought Control and

Digital Twin in Feiyun River Basin

ZHOU Xiao-li' ,ZHANG Ren-gong’ , HUANG Dong-yang® ,CHEN Shan-jia’
(1. Zhejiang Tongji Vocational College of Science and Technology s Hangzhou 311231, China; 2. Zhejiang Yugong Information
Technology Co. , Ltd. , Hangzhou 310002, China;3. Wenzhou Water Conservancy Bureau, Wenzhou 325000, China)
Abstract: In view of the relatively serious drought in the Feiyun River basin in recent years. the inability to effective-
ly utilize the regulating capacity of the counter-regulating reservoir, and the inability to effectively guarantee the timeli-
ness and scientificity of the operation, which affect the water supply safety of nearly 6 million people in Wenzhou, the an-
ti-drought operation model and data center of the Feiyun River basin are established. The real-time data of rainfall, water
level, water supply flow and ecological flow of multiple reservoirs in the basin are quoted. The meteorological data inclu-
ding 1 h, 3 h, 6 h short-term and imminent grid forecast data, and 1 d, 3 d,7 d,15 d,30 d, 90 d and other long-term
rainfall forecast data are introduced. Combined with water and soil moisture in the basin. reservoir and basin evaporation,
support vector regression (SVR) calculation method is used to develop a distributed digital twinning business system
based on SPARK components, which realizes early warning of available water supply, drought-resistant water level early
warning, drought-resistant days early warning and ecological flow early warning, increases the use of the anti-regulation
storage capacity of 2. 8 million cubic meters and the reserve storage capacity of 2. 93 million cubic meters. Thus, it pro-
vides data basis and technical support for the drought-resistant decision-making, scientific scheduling and "four pre-'
ization in the Feiyun River basin.
Key words: Feiyun River Basin;drought resistance;dispatching rules;digital twin; multi-scale early warning
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