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Fig. 1 Technology roadmap of comprehensive risk evaluation
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Tab. 2 Description of probability level of risk event
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5 4, 5] Mg IE LA =0.5~<1.0
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Tab. 3 Description of consequence severity level of risk events of inter-basin and long-distance water transfer project
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Tab. 4 Risk level standard of inter-basin and long-distance

water transfer project
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Tab. 5 Layered risk indicator weight
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Tab. 6 Risk indicator weight
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Tab. 9 Statistical result of I ~IV risk indicators number
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Study of comprehensive risk evaluation for inter-basin and long-distance
water transfer project

TANG Hongjie'”, ZHAO Yawei™
(1. General Institute of Water Conservancy and Hydropower Planning and Design, Beijing 100120, China; 2. Jianghe Water Resources &
Hydropower Consulting Center Co., Ltd., Beijing 100120, China; 3. Yellow River Engineering Consulting Co., Ltd., Zhengzhou 450003, China;
4. Key Laboratory of Water Management and Water Security for Yellow River Basin of Ministry of
Water Resources (Financing), Zhengzhou 450003, China )

Abstract: Inter-basin and long-distance water transfer project is generally across multiple provinces and river
basins, and normally has a lot of crossing terrain and river-channel-cross, and its hydrogeological environment is
complex. Meanwhile, the water transfer project has a larger relationship with the development of local society,
economy, ecology, and so on, which relates to lots of risk factors such as the risk of project operation, various types
of buildings, flood, dispatching operation, and public safety emergencies. Every type of risk indicator exists at
different levels, ranks, and arrangements, and there are both independence and correlation between different risk

factors. Therefore, it is hard to evaluate the comprehensive risk of this kind of water transfer project.
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Multiple-level structure models of risk integration and technology roadmap of risk comprehensive evaluation
were proposed. A risk indicator system and risk level standard were built based on risk identification, and a risk
integration method was designed. The steps of the method were as follows: The project was divided into several
units. The weights of all risk indicators were confirmed. The comprehensive risk value of each unit was calculated.
The risk level of the whole project was calculated based on the risk of all units. Considering the difficulty that
different units have different risk factors, a risk indicator weight-correcting method was proposed. And the inter-
basin and long-distance water transfer project risk integration software was developed based on the risk integration
method that was proposed above.

A management area of an inter-basin and long-distance water transfer project was taken as an example to
calculate and analyze. The management area was divided into 32 units. All risk indicator weights of every unit were
corrected based on the initial weights. The comprehensive risk value of every unit was calculated. The overall risk
level of the management area was Il calculated by the developed risk integration software, and the calculation
results of the grey clustering analysis method, fuzzy comprehensive evaluation method, radar chart method, matter-
element theory, Bayesian formula method, Nemerow indicator method, and comprehensive indicator method shown
high consistency. The number of risk indicators of all units was counted by different risk levels, and the result
showed that the quantity relationship of different risk indicators is: II>1>I>IV, and the number of I risk
indicators is larger than those of I, Ill, IV. This also verified the rationality of the calculation result.

The risk indicator system that was built considered the complexity and diversity of the inter-basin and long-
distance water transfer project. The risk level standard that was formulated considered the risk possibility and
seriousness. The risk integration method that was proposed firstly divided the project into several units, secondly
calculated the comprehensive risk value of each unit, and finally got the overall risk of the project, and it handled the
problem that it is difficult to evaluate the overall risk level of the inter-basin and long-distance water transfer project.
The actual case analysis showed that the risk levels of a management area calculated by the 7 methods were all 11
which was reasonable after the analysis.

Key words: inter-basin and long-distance water transfer project; comprehensive evaluation; risk; integration method;

software development
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Studies had shown that water and carbon cycles were closely linked in nature through plant photosynthesis
and evapotranspiration, and were closely related to the supply-use-consumption-discharge process of water
resources and energy in the economy and society. The implementation of the "double carbon" strategy had a certain
impact on both supply and demand of water resources. The supply side was mainly reflected in the spatial and
temporal distribution of precipitation and runoff, and the demand side was mainly reflected in the adjustment of
industrial structure and layout and the associated water demand changes. In view of the natural cycle change of
water-carbon and its impact under the "double carbon" strategy, it should be to further strengthen the research and
formulate adaptive measures, and at the same time strengthen the active regulation of water resources and energy
supply-use-consumption-discharge process in the economic and social field, so as to realize the harmonious unity of
water resources-economic society-ecological environment, and provide support for the realization of the “double

carbon” goal and the high-quality development of economy and society.

Key words: "double carbon" strategy; water-carbon coupling; water circulation; water demand situation
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