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Fig. 1 Schematic diagram of river system in the study area
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Tab. 1 Index of urban water system connectivity evaluation system
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Tab. 2 Evaluation system of water system connectivity of plain urban river network
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Tab. 3 Working conditions of different opening and

closing of key branch canal
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Tab. 4 Calculation results of water system connectivity evaluation indexes under various working conditions
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Fig. 3 Water system model diagram of working condition 1
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Fig. 4 Hydrodynamic model diagram of working condition 2
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Tab. 5 Weight calculation results of water system

connectivity evaluation index
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Tab. 6 Classification standard of water system connectivity evaluation index system
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Tab. 7 The decision values of each working condition and its corresponding evaluation grade
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Tab. 8 Correlation analysis of evaluation indexes
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Water system connectivity evaluation in plain urban river network

based on AHP-entropy weight method: A case study of Langfang City

LIANG Xiao',JU Wenhui® , SUN Bowen' , HU Ze' , GAO Xueping' , ZHANG Jing® ,ZHAO Jinyong®
(1. Sate Key Laboratory of Hydraulic Engineering Simulation and Safety , Tianjin University , Tianjin 300350, China;
2. Chinese Academy of Environmental Planning ,Beijing 100012,China;
3. China Institute of Water Resources and H ydropower Research , Beijing 100089, China)
Abstract: Under water conservancy projects control such as gates and pumps, the complex river network in plain cities has a
complicated water flow and a blocked water system,which affects its self-purification capacity. Instead, there are diverse factors
that affect water system connectivity, makes more uncertain due to the regulation of dam gates. Therefore, the system pattern,
structural connectivity,and hydraulic connectivity should be integrally considered to evaluate the connectivity of river networks
in plain cities.

Taking the optimal solution of water system connectivity as the target layer and water system pattern, structural connectiv-
ity,and hydraulic connectivity as the criterion layer, considering both static and dynamic factors, four indicators of water surface
rate, river network density, river frequency,and river channel storage were selected to evaluate the morphological characteristics
of urban water system more comprehensively. Water system ring degree, node connection rate,and water system connectivity
were selected to evaluate structural connectivity. Based on structural connectivity, the influence of water flow capacity on the
connectivity of the water system was fully considered,and three indicators of flow velocity, water flow potential,and water level
are used for hydraulic connectivity evaluation. The above 10 evaluation indicators are used as the index layer to build the water
system connectivity evaluation system. To comprehensively evaluate the water system connectivity of different schemes,a com-
prehensive evaluation method is used to assign weights to the 10 indicators,and then to comprehensively evaluate different wa-

ter system connectivity schemes.
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Taking Langfang urban water system as an example, the water system connectivity evaluation system of the plain city river
network was constructed to quantitatively evaluate the water system connectivity status of eight water system connectivity
schemes. The results showed that there were differences in the three criterion levels of water system pattern, structural connec-
tivity,and hydraulic connectivity for different working conditions. Combining the comprehensive evaluation scores and the grade
cut-off values, the optimal water system connectivity solution can be obtained to improve the water system connectivity of the
whole river network for Langfang city and could suggest that the river network should open the Shengli branch canal, Shengfeng
branch canal,and Xiaoliuzhuang branch canal in the water transmission process,and dredge and desilt of the three branch canals
with serious pollution according to the local actual situation.

The system can evaluate the water system connectivity of the plain city river network in a more comprehensive way,and re-
flect the water system connectivity status of different water system connectivity schemes. The hydraulic connectivity index can
reflect the mobility of water bodies in water systems. The calculation method of the hydraulic connectivity index in the hydraulic
connectivity criterion layer was improved, so that it can be applied to the whole river network, making up for the limitation that
the index was only applicable to the calculation of a single river in the past. To address the limitations, the evaluation of water
system connectivity by index values can not take into account the influence of multiple factors,based on the water system con-
nectivity evaluation system. The AHP-entropy integrated evaluation method was used to evaluate different water system con-
nectivity schemes in terms of water system pattern, structural connectivity,and hydraulic connectivity to obtain the final evalua-
tion scores of different water system connectivity schemes, to determine the optimal solution for water system connectivity and
to make reasonable planning suggestions for the whole river network. The overall connectivity of the river network is optimal af-
ter connecting the three heavily polluted rivers with other rivers.

Key words: water system connectivity; evaluation system; hydraulic connectivity; comprehensive evaluation; plain urban river net-

work
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trend for all the stations,and reaches a 0. 05 significant level in Dazhong and Zimei Stations. Rzs nm showed a downward trend for
the stations in the exception of the Dongguan and Shanmei Stations while the trend was not significant. The Rsy mm and extreme
precipitation intensity indices showed an upward trend in the southeastern part of the basin ( Yongchun Station, Huyang Sta-
tion, Dongguan Station, and Shanmei Station), and the trend was significant. The Prepror had decreased significantly in the
northwest of the basin. The GAMLSS model was fitted well to each precipitation station,and the Filliben coefficient passed the
0. 05 significance level. Rio mm and Ros mm showed stationary characteristics. The Rsomm showed non-stationary characteristics at
50% of the stations in the basin,and that was dominated by mean non-stationary. Except for Prepror s the other intensity indices
mainly showed non-stationary characteristics which mainly manifested as the mean non-stationary. Under the non-stationary
conditions, the mean and variance of the extreme precipitation indices was mainly characterized by an increasing trend in the
southeastern basin, and mainly showed a decreasing trend in the northwest.

In light of climate variability and anthropogenic activities, the stable environment of extreme precipitation events in the
Shanmei reservoir basin had been disturbed. The intensity of extreme precipitation and Rs mm increased significantly in the Shan-
mel reservoir basin, especially in the southeastern part of the basin. This showed non-stationary characteristics in the study
area. The intensity of extreme precipitations as well as uncertainty would increase, which may lead to more related disasters in
the future.

Key words: extreme precipitation; temporal and spatial variation; non-stationarity ; GAMLSS model ; Shanmei reservoir basin
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