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Study on driving factors of water quality in Ulansuhai Lake based on climate, land use patterns, and water
environment changes//Liu Xuhua'?, Liu Huamin>**, Ma Linqian®, Zhang Rui*, Wang Lixin>>**( 1. School of Statistics
and Mathematics , Inner Mongolia University of Finance and Economics; 2. School of Ecology and Environment, Inner
Mongolia University; 3. Collaborative Innovation Center for Grassland Ecological Security ( Jointly Supported by the Ministry
of Education of China and Inner Mongolia Autonomous Region) ; 4. Key Laboratory of Ecology and Resource Use of the
Mongolian Plateaw, Ministry of Education)

Abstract: This study quantitatively explored the driving mechanisms of various factors on the changes in lake water quality
indicators based on the meteorological, land use, and water quality monitoring data of the Ulansuhai Lake Basin from 2000
to 2022, by adopting the generalized additive model, econometric model, and hybrid evolutionary algorithm. Meanwhile,
the contribution rates of different factors were measured via grey relational analysis. The results showed that: changes in
land use patterns of the basin were the primary driving factor for the variations in water quality of Ulansuhai Lake; the
expansion of cultivated land, grassland, and impervious surfaces significantly deteriorated the water quality, whereas the
increase in forestland, water bodies, and bare land areas contributed to water quality improvement. Changes in the aquatic
environment exerted the second most significant impact on lake water quality ;factors including water electrical conductivity,
transparency, water depth, pH value, dissolved oxygen (DO), and chemical oxygen demand (COD) exhibited non-linear
relationships with total nitrogen (TN) and total phosphorus (TP) concentrations. Climatic factors had a relatively minor
influence on water quality; the rise in annual average temperature increased the COD content, while the growth in annual
precipitation reduced the TP mass concentration. Water quality changes of Ulansuhai Lake were affected by the combined
effects of multiple factors, among which human activities ( changes in land use patterns) exerted a more pronounced impact
than climatic factors.
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®1 BREE 2010—2022 F 1 E R RKIRERMAKREHE
Table 1 Water environment and water quality characteristics of different sampling sites from
2010 to 2022 in Ulansuhai Lake

RHERL Kif/C JKF/m pH i SR/ (mS/m)  BWE/ em poo/ (mg/L)  Peop, /(mg/L)
A0 14.31£1.02 1. 86=0. 04 8.130. 05 325.04+20. 13 46.21+2. 67 8.1320. 29 7.72+0. 50
W0 13.89=+1.01 2.39+0.08 8.23+0. 03 397.79+17.59 30.00£2. 79 7.180.27 7.75+0. 31
T 14.04+0. 99 2.35+0. 06 8.23+0. 04 457.80£17. 59 38.65+3.27 6.910.25 7.82+0.29
KA Prop/ (mg/L) Pcop/ (mg/L) pry/ (mg/L) p( NHE‘N)/( mg/L) prp/ (mg/L) p(F7)/(mg/L) Pena’ ( mg/m3)
AT 6.07+0.73 36.84+2.43 4.50+0.93 2.02+0. 80 0.22+0.04 0.73+0.05 16.35+1.92
AN 5.30£0. 42 35.20+1.90 1. 67+0. 12 0.30£0. 03 0.05+0.01 0.75+0.03 6.71£1.25
Hisa 5.89+0. 94 40.87+2. 44 1.910. 11 0.32+0. 04 0. 060 0.76+0. 03 7.27+1.37
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Table 2 GAM analysis results of relationship between climatic and water quality factors in the Ulansuhai Lake Basin
IR R T A F g R/ % KIFR? KT S AT AHE R % K IE R2
AR 1. 000 8.55 0.08 ARSI 1. 000 10. 60 0.05
A e = AR 1.000 7.75 0.05 A e R 1. 000 0.12 0.05
DO A AR 1. 000 2.92 -0.02 TN AF A AR 1. 000 0.91 -0.04
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Fig.1 Univariate GAM analysis of climate change and lake water quality in the Ulansuhai Lake Basin
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Table 3 Econometric model of land use types and lake water quality in the Ulansuhai Lake Basin from 2000 to 2020

ol )17 R » n
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Table 4 Correlation coefficients of driving force

factors for changes in water quality characteristics
of Ulansuhai Lake
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Fig. 2

Fitting plots and residual plots of TN and TP based on hybrid evolutionary algorithm
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— Rop:56.78~224.68 mg/L — JK¥: 0.91~3.12m — JKif: 7.36~26.34C
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—iBWIRE: 5.83~15.42 cm Reop: 2.30~10.33 mg/L —pH: 7.82~8.86 — BEWIEE: 79.94~180.90 cm
0.30 0.4 0.25 0.8 —Rop: 5.75~16.17 mg/L.
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Fig.3 Sensitivity of hybrid evolutionary algorithm to TN and TP
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