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Abstract: Abstract: Arid-zone lakes are key indicators of watershed ecological and environmental changes, playing vital
hydrological and ecological roles in maintaining regional water cycle balance and ecosystem stability. This study investigated
lake dynamics and their climatic responses in the Hunshandake Sandy Land, Inner Mongolia, a climate-sensitive region in
northern China characterized by pronounced aridification and ecological fragility. By integrating multi-source datasets including
Landsat, Sentinel, Global Surface Water (GSW), and Global Land Analysis and Discovery (GLAD), water extent was mapped
using the water-index method, water classification enhancement approach, and random-forest classification. Changes in water
storage were estimated by combining stage-area relationships and volume-area empirical curves. Based on these methods, we
quantified monthly and annual changes in lake area (>0.01 km?) and water storage from 2003 to 2023, while analyzing relevant
meteorological factors. Results showed significant intra-annual seasonality, with lake extent exhibiting a single-peak trend from
May to October. At the interannual scale, the lake system experienced a persistent degradation trend over the 21-year period. Total
lake area decreased by 37.17% compared to 2003. The number of lakes declined from 1,198 to 466, primarily driven by the loss
of small, shallow lakes and widespread drying. Under regional climatic aridity, 8% of formerly permanent water bodies converted
to a seasonal status, while 86% of seasonal water bodies experienced episodic drying. Net water storage decreased at a rate of -
0.005 km?-yr!, with medium-to-large lakes (= 1km?) accounting for 60% of the storage loss. Climate-driven mechanisms
revealed that precipitation, vapor pressure deficit (VPD), and air temperature exhibited spatiotemporal lags of 0-2 months, with
both precipitation and VPD peaking at a 1-month lag. VPD emerged as the primary negative factor influencing annual and monthly
water body area, while precipitation dominated the interannual regulation of seasonal water body area and jointly governed
monthly fluctuations positively with potential evapotranspiration (ET). Temperature indirectly affected lake dynamics by
increasing VPD and evapotranspiration demand. This regional-scale study clarifies the response mechanisms and spatiotemporal
heterogeneity of arid-region lakes under climate change, providing data support for adaptive water resource management in
ecologically fragile areas.

Keywords: Multi-source remote sensing; Arid zones; lake dynamics; Hunshandake Sandy Land.
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Fig.1 Overview map of Hunshandake Sandy Land, Inner Mongolia
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Fig.4 Water inundation frequency distribution map of the Hunshandake Sandy Land from 2003 to 2023 (a). Aggregated maps of water

body area (seasonal and permanent water bodies) along latitude and longitude (b, c). Figures d-j depict enlarged views.
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HI3 1 WA, 2003-2023 4RV s VR4 . FIE B BB GG 2% ORI L ISR AL B B A
Horr 2003-2008 AEF#E S A ZE RO 2008-2013 ARSI KR, X BRI AV M R B i ok
Y, FaE AU 20 LSBT 23%. BT 2013-2018 4F 55 iR 4 B 235 R B, TEIBUR > 91.13km
AR T E A B 83%. 2018-2023 AR AL HCR PR N, AR R R AR . B
K, SEFAEREY RN, WIE SR AL T S S RO ERRAE S .
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N, TR 5 AR 43%. B K ATE KR SR EARXT AR, B0 H 2 35%1 oz K
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R 15 AN BOR RSB R S

Tab.1 Statistics on the number of lakes with different change types across five periods.

WHEA S (1 TR AL A

AL B \ .

TR e = i B (km?)
2003-2008 95 79 102 41 40 -29.51
2008-2013 47 80 73 61 54 +24.42
2013-2018 57 40 107 43 16 -91.13
2018-2023 109 26 49 29 23 -23.81
2003-2023 225 14 74 5 34 -110.18
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% 22003-2023 FHIARBFEREE (km?)
Tab.2 Lake type transition matrix (km?) from 2003 to 2023.

2023 ‘ . .
RN ZE bEEN Mt
2003
KA 272.64 34.37 110.37 417.38
i 2.76 10.06 78.43 91.25
Wk 11.37 7.18 - 18.55
st 286.77 51.61 188.80 527.18
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Fig.9 Annual time series of precipitation (P), temperature (T), potential evapotranspiration (ET), vapor pressure deficit (VPD), and wind

speed (W) in the Hunshandake Sandy Land from 2003 to 2023.
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# 3 AEET SEHIAEA RN ) Spearman REL, HE SRREZE MK 0.05, ME SRR BEMKTH 0.01.
Tab.3 Spearman correlation coefficients between meteorological factors and lake area at different time lags. A single asterisk indicates

significance at the 0.05 level, while a double asterisk indicates significance at the 0.01 level.
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WA H 0.31%* -0.29%%* -0.06 -0.39%* 0.09
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Fig.10 (a) The relationship between climate factors and annual water area, permanent water area, and seasonal water area; (b) The

relationship between climate factors and monthly water area.
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