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Spatiotemporal variations and influencing factors of vegetation
water use efficiency in Qingshui River basin

Yan Xiangmei, Yu Xinhua, Peng Yongqing
(College of Civil and Hydraulic Engineering, Ningxia University, Yinchuan, Ningxia 750000, China)
Abstract: [ Objective ] The spatiotemporal variation characteristics of vegetation water use efficiency (WUE) in
the Qingshui River basin are explored, and the main factors affecting vegetation WUE were analyzed, so as to
provide a scientific basis for vegetation conservation and the sustainable utilization of water resources in the river
basin. [ Methods] The Qingshui River basin was selected as the study area. Using multi-source data such as
MODIS remote sensing data, meteorological data, and land use information, the spatiotemporal evolution
characteristics of vegetation WUE and its influencing factors in the Qingshui River basin from 2001 to 2022 were
estimated and analyzed using the methods of trend analysis, Hurst index, coefficient of variation, correlation
analysis, and partial derivatives. [Results] D The overall spatial pattern of vegetation WUE in the river basin
exhibited a “higher in the south and lower in the north” distribution, with an interannual variation trend of 0.005
g/(kg + a). @ The vegetation WUE in the river basin mainly showed an increasing trend, with areas accounting
for 76.19% of the total basin area. @ The vegetation WUE in the river basin was relatively stable, covering

83.94% of the total basin area. The mean Hurst value was 0.48, indicating weak anti-persistence in vegetation
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WUE across the basin. @ The correlation between vegetation WUE and leaf area index (LLAI) was the highest,

with an average coefficient of 0.54. Natural factors contributed less to WUE variation than human activities which

were the primary drivers of the WUE increase. [ Conclusion] The vegetation WUE in the river basin shows spatial

heterogeneity and is mainly influenced by human activities. Therefore, it is crucial to strengthen ecological

protection to improve the vegetation WUE in the river basin.

Keywords: water use efficiency (WUE) ; gross primary productivity (GPP) ; evapotranspiration; spatio-

temporal variation; influencing factors; Qingshui River basin
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Fig.2 Spatial distribution, trend analysis, and trend significance test analysis of

multi-year average WUE in Qingshui River basin
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Fig.4 Land use conditions and WUE distribution in different land use types in Qingshui River basin

3.2.2 A RAMME T WUE 89 %
I B WUE 5 B K A O R EEAE — 0.6~0.61

(52>, 5 8 IE A 26 /0 M X 7 3 ek A AL Ay
72.87% , oA 5L B 3 1F AR o6 X B A0 A B 1 R



378 pi s U E SR

o545 %

2.48% CI&I 5¢) , 32 43 A 78 it 38 A0 2R 30, 3 2 X df [
KGN 2R o WUE 42755 . WA 9 WUE 55 iR
AH e BB AE —0.68~0.78C[E 5b) , B AK |+ LI IF 46 ¢

a WUE-[% K&

[ 0.4~0.78

o o B I AR R O A X0 AR L ) R 7.84 0%
QIR I {0 B A O~ w4
WUE 226 32 232 Sl 52 0, AR SR 5 T RE K

d WUE-A &
A8 x K P

¢ WUE-T& K

3 J5

H%kT a
[ 8% Ef%
2 F &% EM%

(N NTE Y PS
[ FiPiES

5 FKARESEREFHEXESHT

Fig.5 Correlation analysis of climate factors in Qingshui River basin
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Fig.6 Correlation analysis of vegetation factors in Qingshui River basin
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Fig.7 Interannual variations of precipitation, temperature, LAI, and NDVI in Qingshui River basin
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Table 3 Classification of dominant factors of
vegetation WUE variations in Qingshui
River basin from 2001 to 2022
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