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Table 2 Evaluation indexes for rural drinking water safety projects post-assessment and grade standard of indexes
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Note: Limited to space, only an example of Changsha is given, and calculation of connection degrees for other cities is same with that of Changsha.
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Table 3 Connection degree for index and its evaluation degree of
Changsha rural drinking water safety

who 1w e mm o vy ISR
Index  Level I Level Il Level 111 Level IV degree
Cy 1 -1 -1 -1 I
C, 1 —0.44 -1 -1 I
Cs 1 0.32 -1 -1 I
G 1 -1 -1 -1 I
Cs 0.6 1 -0.6 -1 I
Ce 0.447 1.000 —0.447 -1 1I
(o] 0.56 1 —0.560 -1 1I
Cg -1 -1 0.178 1 Y
Cy -1 —0.269 1 0.269 I
Cio —0.905 1 0.905 -1 I
Cn -1 —0.267 1 0.267 il
12 0.96 1 —0.96 -1 1I
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Table 4 Index evaluation degree of Hunan rural drinking water safety projects post-assessment
Hi[X District C (@) (&3 Cy Cs Cs C; Cy Cy Cio Chy Ciy Ci3
K Changsha I [ | I Il Il Il I I Il 11 Il 11
i Zhuzhou I [ II I 11 v Il I Il Il v v v
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#ikH Hengyang I I I I I I I v il 11 v 11 v
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Table 5 Comprehensive evaluation result of Hunan
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Table 6 Value of a, b, ¢ and evaluation results of coordinate analysis
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E: TREH., A28t BN ESIREIN N 7 RE MR LY 0.3154, 0.4534. 0.2311.
Note: Weight of project management, socioeconomic performance and ecologic environment response subsystem are 0.3154, 0.4534, and 02311, respectively.
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Fig.1 Assessment results of Hunan rural drinking water safety by
sudden change evaluation method
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Establishment and application of set pair analysis model based on game
theory for post-assessment of project construction effectiveness

Guo Yanhong?, Shao Dongguo™, Liu Yulong?, Chen Shu®
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
2. Investigation and Design Institute of Water Resources and Hydropower Liaoning Province, Shenyang 110006, China)

Abstract: Scientific and reasonable evaluation of project construction effectiveness plays an important role in the
follow-up project management. However, the post-assessment of project construction effectiveness is a multi-complex
system involved in many certain and uncertain factors, with complicated nonlinear relationship between evaluation
indicators and grade standards, which should be considered in post-assessment. In this study, a set pair analysis model
based on game theory was developed. In the model, the weights of evaluation indicators were obtained by game theory,
and then the connection degree of the single index was calculated in the support of certain and uncertain analysis method
of set pair theory. Then, the comprehensive connection degree of the object was obtained based on the model. So the
evaluation grades and the transformation trend between grades of objects were confirmed. Based on the above analysis,
the set pair situation was introduced to analyze the coordination among the subsystems, clarify the underlying causes of
transformation trend and evaluate the sustainable development level of the project. The model was applied to the
post-assessment of the rural drinking water safety project construction effectiveness of Hunan Province, and the results
were compared with that from sudden change evaluation method. The results showed: 1) Project completion rate,
qualification rate of project, water fee profit, completion rate of resolving rural drinking water difficulty, rural tap-water
benefit rate, water quality and water environment protection of water functional zone were the main factors affecting
rural drinking water safety in Hunan; Among these factors, water fee profit, rural tap-water benefit rate, water quality
and water environment protection of water functional zone were key limiting factors of the project benefits; 2) Three
areas (Hengyang, Chenzhou and Yongzhou) had “excellent” rural drinking water safety level, while Changde, Yiyang
and Loudi had “general level”, and the others in “well” level; 3) The five indexes in project management subsystem were
at level I or level Ilin all the areas, indicating that the governors of Hunan Province have paid much attention to the
management of the people's livelihood project in recent years; However, the level of the indicators in socioeconomic
performance subsystem and ecologic environment response subsystem were generally poor and the protection of
ecological environment haven’t been done well; 4) The three subsystems of the rural drinking water safety system in
Changsha and Huaihua were in strong coordination state, so the project was in a high sustainable development level; The
coordination level of the three subsystems in Loudi was general, thus the sustainable development level was not high;
The three subsystems in Zhuzhou was out of coordination, indicating worrying sustainable development; The
coordination degree of the subsystems in Hengyang and Chenzhou was almost uncoordinated, making the project
sustainable development condition poor; The subsystems were in harmony in other cities, so the follow-up benefit of the
projects were relatively stable. The results above illustrated that the proposed method are reliable, can reflect more
comprehensive information than the sudden change evaluation method. Therefore, the study can provide a reliable
method for the decision-making and management of the similar projects or follow-up projects.

Key words: game theory; water resources; coordination; post-assessment; set pair analysis; set pair situation



