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S1. Method and result of the wavelet transform coherence
The wavelet method has been widely used to analyze the periodicity and correlation in hydrological and meteorological time series. The basic idea of wavelet analysis is to use a cluster of wavelet function systems to represent or approximate signals or functions. The wavelet transform coherence (WTC) is a correlation coefficient in the time-frequency space, which is used to determine the degree of linearity between two nonstationary sequences in the time-frequency domain. In this study, WTC was used to calculate the coherent relationship between lake surface area, water storage change, and hydro-meteorological factors. The wavelet correlation coefficient can be defined as:


				



where S is the smoothing operator; the wavelet transform of  and  are X and Y sequences, respectively.  is the crossed wavelet spectrum of X and Y sequences. In this study, X represents changes in lake surface area and water storage change, and Y represents the meteorological and hydrological factors.

		
where * represents the complex conjugate.
The synchronous relationship between the total lake surface area, permanent lake water storage change and five hydro-meteorological variables were further examined (Figure S1). According to the significant region of the results of WTC, precipitation showed a stronger influence on the total surface area and water storage of permanent lakes than other factors, followed by evapotranspiration, vapor pressure difference, rainy day frequency, and temperature. As shown in Figure S1a, precipitation is correlated with the total lake surface area and the water storage change of permanent lakes in the period of 0–8 years and 2–10 years respectively (most of the arrows are from left to right). The change in the water storage of permanent lakes lagged behind the precipitation cycle by approximately 0.5-2 years. The in-phase correlation between the rainy day frequency and lake elements was similar to that of precipitation (Figure S1e). The influence of evaporation and vapor pressure difference on changes in the total surface area and water storage of permanent lakes generally exhibited antiphase correlations (arrow from right to left). The change in total lake surface area was especially significant in the 0–3 year and 7–8 year periods from 2000 to 2015. The change in the water storage of permanent lakes was significant in the 1–2 year and 5–10 year periods from 1994 to 2015, and lagged by approximately 2 years behind the periods of evaporation and saturated water vapor pressure difference (arrow vertical upward). The effect of temperature on the total surface area of the lake mainly shows in-phase correlation in the 0–4-year period, while that on the water storage change of permanent lakes mainly shows antiphase correlation in the 0–4-year period (Figure S1b). Overall, the expansion or shrinkage of the surface area of inland lakes and the increase or decrease of water storage change in Horqin Sandy Land are restricted by many factors, among which precipitation and evapotranspiration are the most important driving factors.
[image: ]
Figure S1. WTC results between total lake surface area, water storage change of permanent lakes, and meteorological and hydrological variables, including (a) precipitation, (b) temperature, (c) evapotranspiration, (d) vapor pressure difference, and (e) wet day frequency. Small arrows rep-resent the relative phase relationships (the direction of the arrows reflects the phase relationship between the two time series. Arrows from left to right indicate the same phase, and arrows from right to left indicate inversion. Vertically downward means that the first sequence is 1/4 cycles earlier than the second sequence, and vertically upward means that the first sequence is 1/3 cycles ahead of the second sequence). The thick black outline represents 95% confidence level. The thin arc is a wavelet influence cone, within which is the effective spectral value and beyond which the boundary effect occurs.
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(a) P and lake surface area
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