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Tab. 1 Evaluation index system of water environment carrying capacity (WECC)
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Tab. 2 Classification standard of Iwgcc (water environment carrying capacity index, WECCI )
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Fig. 1 WECCI of 11 provinces (cities) in Yangtze River Economic Belt from 2009 to 2018
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Fig. 2 Variance evolution of WECC grade from 2009 to 2018 in Yangtze River Economic Belt
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Fig. 3 Comparison between upper, middle and lower reaches of WECC of Yangtze River Economic Belt from 2009 to 2018
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Fig. 4 Comparison of WECC subsystems in the upper,middle and lower reaches of Yangtze River Economic Belt from 2009 to 2018

Bl 4 o, RITAF BIKM ATt & T R4
KRRV - A2 S T RGEB AR AL U2
2015 AR RIR K JRtUAL » K B3 U8 2R GE A7 A 7
O AR - 2016 AFLICR I BLI R . B dip X ek
ST RGN TAEIRE T R 5. (HIT kK

T PR A AR B ORI AR
HEBIEET RGHA WAL H A SOK BT T &
GUN RS . HA U — 2B T X
MG AL 2T R G AR IR R X E 1 e 2 s ik
R T RGN — B e BRI ) A s

2 A5 5w o 719



F20% B4 wmAE G AR BHECFEEI) 2022 4 8 A

TG
2.3 RIEH @I

HHELL A0 & L, 2009—2018 4E K VT4 3548
AR XS K A B AR B A — BT E

HA YW X0 AR AE AR08 KAAE T RS
R FEAATIHE ) R, Sy ¢ B BRI 8L 39 T 422 90 2%
A TR ERE T PR D5 18] 5 L 2018 45 Befit 4R
PATEAI T WL 5,

B 5 2018 FRITEFE 11 NE (BT M WECC FRES

Fig. 5 WECC subsystem analysis of 11 provincial administrative regions of Yangtze River Economic Belt in 2018
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Spatial-temporal variation of water environment carrying capacity in the Yangtze River Economic Belt
YANG Yafeng"?,YAN Jiawei' , WANG Hongrui' ,ZHOU Lichao® , YANG Rongxue'
(1. College of Water Sciences ,Beijing Normal University ,Beijing 100875,China;

2. College of Sciences , North China University of Science and Technology , Tangshan 063210 ,China;

3. Linyi Natural Resources and Planning Bureau ,Linyi 276001 ,China)

Abstract; Yangtze River Economic Belt (YEB) is one of the important strategic development regions in China which has created

more than 2/5 of China's GDP, but it faces the conflicts between economic development and water environment protection. With

the rapid development of economic-society, human activities have more and more impacts on the water environment, therefore it

is of great significance to study the water environment carrying capacity (WECC) of this area,in which the spatial-temporal var-

iation of WECC are an important content.

In most previous related studies,some method are usually used to determine the grade of WECC. In fact, WECC is a fuzzy

concept,and the boundary between two adjacent grades is not clear. Therefore, it is necessary to consider the law of unity of op-

posites between adjacent grades in the evaluation of WECC. Variable set method is an important uncertainty mathematical theo-
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ry in the field of water resources system analysis. The variable set method is used to calculate the relative membership degree,
and the index based on grade eigenvalue is used to characterize the state of WECC. Focusing on the dual effects of natural back-
ground and human activities, the evaluation index system of WECC is constructed from the three subsystems of water re-
sources, ecological environment and economy and society,and a water environment carrying capacity index (WECCI) model is
established based on variable set method,and the temporal and spatial variation characteristics of WECC in YEB are discussed.

The results show that the WECCI of YEB increased from 4. 20 to 6. 08, showing a basic trend of increasing year by year;
The WECCI in the upper, middle and lower reaches is becoming more and more balanced, the variance decreased by 57. 27 %
from 0. 14 to 0. 06, but increased slightly in 2018; The constraints have spatial differentiation characteristics; The ecological en-
vironment subsystem of upper reaches is relatively weak, but the gap is narrowing year by year; The restriction of water re-
sources subsystem in the middle reaches is becoming more and more prominent; The economic-society subsystem of lower rea-
ches maintains significant advantages all year round, while the water resources subsystem lags behind seriously;In 2018, except
Zhejiang , the WECC showed that the upper reaches were better than the middle reaches,and the middle reaches were better than
the lower reaches. According to the provinces(manicipalities) , Zhejiang, Sichuan, Chongging, Yunnan, Guizhou, Hunan, Jiangxi,
Hubei, Jiangsu, Shanghai and Anhui were ranked from high to low.

The WECC of YEB has improved year by year from 2009 to 2018, and has an obvious spatial distribution law; The water
resources subsystem has a significant restrictive effect on the improvement of WECC of the current YEB and become one of the
main contradictions that need to be paid attention to in the process of improving the WECC of YEB. Analyzing the temporal-
spatial variation and main interference factors of WECC of YEB and its region can provide reference for the formulation of sus-
tainable and high-quality development policies of YEB.

Key words: water environment carrying capacity; spatial-temporal variation;variable set method; CRITIC method; Yangtze River

Economic Belt
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evaporation estimates from the Penman model were validated at the site and whole-reservoir scales. At the two scales, pan evap-
oration observations were used as benchmark data. The contribution of different meteorological variables (temperature, net radi-
ation, relative humidity,and wind speed) to the trend in annual evaporation was quantified based on a detrending experiment.
The difference in the annual evaporation trend calculated by the original and detrended specific meteorological variables can be
attributed to the effect of the change in this meteorological variable. The results showed that temperature, net radiation, and
wind speed in the reservoir showed a significant (p<0. 05) upward trend during the study period, while the relative humidity
showed an insignificant (p=>0. 05) downward trend. Changes in these meteorological variables are all conducive to the increase
of water evaporation. The remote sensing reservoir area also showed a significant (p<C0. 05) increasing trend,and the increasing
trend was more pronounced after 2015 due to the heightening of the dam. Also, the intra-annual fluctuation of the reservoir sur-
face area during the period 2015-2020 is remarkably smaller than that during the period 2000-2014 because of the implementa-
tion of the water transfer project. The evaporation validation results confirmed that the Penman model can be used as a reliable
tool to simulate water evaporation loss of the reservoir. It can well reproduce the temporal variability of the reference evapora-
tion at both the site and whole reservoir scales. Annual evaporative loss of the reservoir simulated by the Penman model showed
a significant (p<<0. 05) increasing trend from 2000 to 2020, with a trend value of 3. 4>X10"* km® /a. The mean annual evapora-
tion loss of the reservoir was 0. 26 km® /a, accounting for 2. 7% of the planned annual water transfer (9. 5 km®). However, actu-
al annual water transfer was far lower than the planned annual water transfer (it was 6. 3 km®/a during the first seven years of
operation of the water transfer project). Annual evaporation loss during this period accounts for 4. 8% of the actual water trans-
fer. In the future, the amount of evaporation loss from the reservoir is likely to further increase with climate warming. Among
the four meteorological variables, the net radiation change contributed the most to the trend of the reservoir’s annual evaporation
(72.0%) , followed by the changes in temperature (23. 6%) ,relative humidity (2. 7%) ,and wind speed (1. 7%). The findings
of this study can provide references for the water resources management and planning of the middle route of the South-to-North
Water Transfer Project.

Key words: open-water evaporation; water resource; Danjiangkou; South-to-North Water Transfer Project;attribution
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