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Fig. 1 Location of the study area
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Tab. 2 Common distribution function types of GAMLSS
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Log-Normal LOGNO 2
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Tab. 3 Common trend line expressions of GAMLSS
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Fig. 2 Time series of extreme precipitation index in Shanmei reservoir basin from 1972 to 2010
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Fig. 3 Trend test of extreme precipitation index in Shanmei reservoir basin from 1972 to 2010 based on P-WM-K method
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Fig. 4 P-WM-K trend test of extreme precipitation indices in Shanmei reservoir basin
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Tab. 4 Fitting parameters and residuals of GAMLSS model in the Shanmei reservoir basin
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WvE 185. 86 390. 61 157. 88 0 0.02 0 1. 03 1. 03 .04 0.985% 0.988*  0.988*
R 185. 40 409. 98 154.40  —0.01 0 0.01 1.08 1.03 1.06 0.990% 0.995*  0.990%
A 194. 08 396. 70 164. 91 —0.01 0 —0.02  1.03 1.02 1.03 0.991* 0.994*  0.976
ITES 193. 45 390. 11 179. 95 0.01 0 0 0.97 1.03 .03 0.977 0.994*  0.987*
K& 186.37 400. 58 169. 81 0 0.03 0 1.03 0. 98 .03 0.987* 0.991*  0.986*
s 195. 24 399. 29 166. 65 0.01 0.01 0 1.05 1.03 1.03  0.995* 0.990*  0.986"
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Tab. 5 Non-stationary characteristics of each precipitation station
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Fig. 5 Non-stationary characteristics of extreme precipitation index in the Shanmei reservoir basin
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Fig. 6 P-WM-K trend test for mean and variance of extreme precipitation indices in the Shanmei reservoir basin
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Temporal and spatial variation and non-stationary characteristics of extreme
precipitation in the Shanmei reservoir basin
SONG Tieyan' , CHEN Ying!%*, LEI Xiangyong' , CHEN Xingwei''?*,GAO Lu"?*,LIU Meibing!** ,DENG Haijun*?
(1. Institude o f Geography ,Fujian Normal University , Fuzhou 350007 ,China; 2. Cultivation Base of State Key
Laboratory of Subtropical Mountain Ecology , Fuzhou 350007 ,China;3. Fujian Provincial Engineering
Research Center for Monitoring and Accessing Terrestrial Disasters , Fuzhou 350007 ,China)
Abstract: The probability distribution of extreme precipitation in the Shanmei reservoir basin is expected to change due to the
dual influence of global climate change and human activities, showing non-stationary characteristics. Therefore, investigating the
temporal and spatial trend characteristics and the non-stationarity of the extreme precipitation are valuable for policy decisions.

Based on the daily precipitation data of 8 meteorological stations in the Shanmei reservoir basin from 1972 to 2010, 9 ex-
treme precipitation indices including 6 intensity indices and 3 frequency indices were used to describe the extreme precipitation
characteristics. The Pre-Whitening Mann-Kendall (P-WM-K) method was adopted to analyze the temporal and spatial trend
changes of extreme precipitation,and the generalized additive models for location, scale,and shape (GAMLSS) was employed to
characterize the non-stationarities in the 9 indices in the Shanmei reservoir basin.

The number of moderate precipitation days (R mm) and the number of heavy rain days (Rs mm) showed a downward trend
while the number of very heavy rain days (Rsmm) showed an upward trend with a 0. 05 significant level. Except for the total
precipitation (Prepror) s the other intensity indices (daily intensity (Spy),very wet day precipitation (Rgsp) » extremely wet day
precipitation (Ryp) ,max 1-day precipitation (Rxigy) and the max 5-day precipitation (Rxsay)) increased significantly. The line-
ar trend rate of Rysp reached 30. 5 mm/ (10 a). The extreme precipitation indices had abrupt changes in the whole basin,and the

mutation years mainly occurred in the late 1980s and early 1990s. In terms of spatial variation, R mm and Ros mm showed a download
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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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