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Abstract: The reduction of grain production caused by drought is one of the most serious problems
caused by natural disasters. The relative soil moisture of farmland is the most important monitoring
indicator for agricultural drought. This study investigated the relative soil moisture of farmland
data from 38 agrometeorological stations in a continental river basin area in China from 1992 to
2012. Spatial and temporal variations of the relative soil moisture of farmland were studied using
geostatistical analysis. The results show that, from 1992 to 2012, the average annual relative soil
moisture of farmland in the continental river basin ranged from 62.5 to 86.1%, and the relative soil
moisture of farmland was high in the marginal areas of basins and low in the central areas of basins
and plateau areas. The relative soil moisture of farmland was high in the Tarim Basin and the Hexi
Corridor, which are located in the northern Tianshan Mountains and the southern and northern Qilian
Mountains, and was low from the northern Altun Mountains to the south of Lop Nor, the Turpan
Depression, and the Tarbagatai Mountains. From 1992 to 2012, the annual average relative soil
moisture of farmland in the continental river basins showed an increasing trend, with a growth rate of
0.57% yr~!. The variation tendency of the relative soil moisture of farmland was different in different
river basins; the relative soil moisture showed a decreasing trend in the Mongolian Plateau and an
increasing trend in other basin areas. The relative soil moisture of farmland increased in summer,
spring, and winter, and decreased in autumn. The change in relative soil moisture of farmland was
due to a combination of climatic factors, such as precipitation and temperature, as well as topography
and glacial meltwater.
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1. Introduction

Variability in relative soil moisture plays an important role in the interactions between the
land surface and climate in the earth system, as well as in biogeochemical and hydrological cycling,
vegetation, ecosystems, and agriculture in the landscape [1-3]. Relative soil moisture content is
determined by soil water conditions, and can reflect most of the surface hydrological processes.
As an important physical quantity in land surface processes, relative soil moisture content affects
climate by changing the surface albedo, heat capacity, and the transport of sensible heat and latent
heat into the atmosphere. Additionally, regional runoff and surface energy balance are significantly
affected by changes in relative soil moisture [4]. Therefore, it is very important to analyze the spatial
and temporal characteristics of relative soil moisture in order to determine changes in relative soil
moisture and to allow for the appropriate use of soil water resources to cope with climate change.

Water 2019, 11, 1974; d0i:10.3390/w11101974 www.mdpi.com/journal/water


http://www.mdpi.com/journal/water
http://www.mdpi.com
http://www.mdpi.com/2073-4441/11/10/1974?type=check_update&version=1
http://dx.doi.org/10.3390/w11101974
http://www.mdpi.com/journal/water

Water 2019, 11, 1974 2 of 16

In recent years, many experts have discussed the spatial distribution of relative soil moisture and
its influencing factors. Based on observed relative soil moisture, most scholars analyzed the spatial
and temporal distribution of relative soil moisture in the horizontal and vertical directions at different
regional scales [5-7]. Relative soil moisture is affected by many factors. Atmospheric precipitation,
groundwater, irrigation, and water vapor condensation all increase the relative soil moisture content,
while soil evaporation, soil transpiration, and the uptake of leakage and runoff by plants reduce
the relative soil moisture content. The relationship between soil moisture and topography, climate,
and soil properties has been discussed in previous studies. In particular, land use, slope, relative
elevation, soil characteristics, rainfall, solar radiation, etc. [8-13], are important for understanding the
spatial distribution of relative soil moisture. In the past century, great changes have taken place in
various factors that have influenced relative soil moisture. Observational data show that, in the past
five decades, temperature has greatly increased and precipitation has decreased, while the runoff in
continental river basins has clearly increased in the past 30 years [14]. An assessment of drought and
desertification by the Intergovernmental Panel on Climate Change (IPCC) showed that aridification
around the world is likely to continue in the next 30-50 years [15,16]. Additionally, glacier melting and
soil erosion intensified, which caused changes to the soil eco-environment and hydrological processes
in oasis areas, etc.

Relative soil moisture is the most important parameter for determining inland surface hydrological
processes; however, it is also the most difficult to establish [17,18]. Due to the lack of measurements
of relative soil moisture, the physical description of soil moisture is rough in land surface processes
models. Furthermore, due to the limited number of research sites, few studies have analyzed relative
soil moisture at the national scale, and there are some limitations in the study of relative soil moisture
at a large scale [7]. However, interpolation methods can effectively solve this problem. Kriging
interpolation is an effective interpolation method; as an important part of geostatistical analysis,
it has been widely applied in geology, meteorology, geography, cartography, etc. Compared with
traditional interpolation methods, Kriging interpolation provides an optimal unbiased estimation with
very high precision [9]. Therefore, the Kriging interpolation method can be applied to the study of
relative soil moisture. Relative soil moisture is the most important monitoring index for agricultural
drought [19]. Droughts, floods, and snowstorms have seriously affected food production all over the
world, and consequently food security has become a globally important issue [20]. Serious drought
events frequently occur in the world’s main grain-producing areas and have a serious impact on grain
production. Research on drought has produced some important findings related to precipitation,
runoff, etc. [21,22]. The relative soil moisture of farmland needs to be further studied since it is of great
significance for ensuring the safety of food production.

In this study, we combined data collected regarding the relative soil moisture of farmland in
continental river basin areas using the Kriging interpolation method in order to study the spatiotemporal
changes in farmland soil moisture at various soil depth levels and determine the influencing factors,
mechanisms, and characteristics of changes in relative soil moisture of farmland at a large scale.

2. Materials and Method

2.1. Materials

Data from 38 agricultural meteorological stations (Table 1, Figure 1) from 1992 to 2010 were
acquired from the website of the China National Meteorological Administration (http://data.cma.cn/
site/index.html). The data were not affected by farming methods or other human factors. This article
defines winter as December to February, autumn as September to November, summer as June to
August, and spring as March to May. The data were acquired on the 8th, 18th, and 28th day of the
month at soil depths of 10, 20, and 50 cm, respectively. The samples were placed in an aluminum box
and then baked in an oven for 12 h at 105 °C. Soil with a soil water content of less than 3% was defined
as dry soil, and soil from a depth of less than 10 cm was defined as the shallow layer.
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The oven drying method was used to determine the soil moisture, and the Mann-Kendall trend
test [23,24] was used to verify the homogeneity of the observations. Two observation sites, namely
Pingluo and Delhi, were located on the edge of the monsoon area, whereas most other sites were
located in the oasis of the arid area. The average temperature, precipitation, sunshine hours, relative
humidity, and wind speed of 50 stations during 1992-2011 were selected to analyze the meteorological
factors that affect the variation in relative soil moisture of farmland. The data for inland river runoff
and change in glacier volume was obtained from the literature.

The relative soil moisture of farmland (R) was calculated as follows:

R = —28 % 100%, 1)

where Myuter is the soil water content and Syt.r is the field water capacity.

Table 1. Relative soil moisture measured at agrometeorological stations in a continental river basin
area in China.

Station Longitude (°E)  Latitude (°N) Station Longitude (°E)  Latitude (°N)
Aksu 80.23 41.16 Paotai 85.25 44.85
Altay 88.08 47.73 Pingluo 106.50 38.91
Bachu 78.57 39.80 Qitai 89.57 44.02

Bole 82.06 44.90 Ruoqgiang 88.17 39.03

Changji 87.43 44.01 Shache 77.27 38.43
Delhi 97.37 37.37 Tacheng 83.00 46.73
Dulan 98.10 36.30 Turpan 89.20 4293

Dunhuang 94.68 40.15 Wulawusu 85.81 44.28
Gaotai 99.83 39.37 Urumgi 87.62 43.78
Golmud 94.90 36.42 Wusu 84.66 44.43
Hami 93.52 42.82 Wuwei 102.60 3791

Hetian 79.93 37.13 Xilinhaote 116.10 43.95

Jiuquan 98.48 39.77 Xianghuangqi 113.80 42.25
Kashi 75.98 39.47 Xinyuan 83.30 43.45
Korla 86.13 41.75 Yanchi 107.40 37.78
Minle 100.80 38.45 Yining 81.33 43.95

Minging 103.00 38.63 Yongchang 101.90 38.23
Mosuowan 86.10 45.02 Zhangye 100.40 38.93
Nuomuhong 96.41 36.43 Zhaosu 81.13 43.15
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Figure 1. Spatial distribution of soil moisture recording stations in the continental river basin area.



Water 2019, 11, 1974 4of16

2.2. Methods

Kriging Interpolation

Kriging interpolation is the ideal geostatistical method for analyzing the spatial variation of
meteorological factors [12,22,25]. The advantages of this interpolation are: (1) the degree of spatial
similarity can be assessed using the mean variance based on spatial statistics, and the error can be
theoretically estimated point by point, thereby avoiding the boundary effects of regression analysis;
and (2) using the structural characteristics of the relative moisture data, missing data can be added
using the method of linear unbiased optimal estimation, and the influence of topography on relative
soil moisture can be considered at the same time (whereas the inverse distance weighted (IDW) and
spline interpolation methods cannot).

The Kriging interpolation assumptions were based on prior spatial analysis models [22,25].
The assumed spatially random variables either have second-order stationary characteristics or they
obey the intrinsic spatial statistical assumptions. The formula is shown in Equations (2)—(5):

Z(x0) = ) A(xi), @)
i=1

where z(x;) is the observed value at point x;; xg is a non-sampling point; and A; is the true value and is
equaltol,ie.,
n
Y =1, ®)
i=1

The parameter A; was selected to ensure that the estimation of E(xO) was unbiased and that the

variance ¢, was less than the variance of the linear combination of any observed value.
The minimum variance is given by Equation (4):

2
oo = Y Aiy(xix0) + ¢ )
i=1

Equation (4) is obtained using Equation (5):

1
Z Aiy (xi, X0) + ¢ = y(xi, X0) V], ®)
i=1

where y(x;,xp) is the semi-variance of z between the sampling points x; and x;, y(x;, %) is the
semi-variance of z between the sampling points x; and an unknown point xy3. These values were
obtained from the corresponding variation function. The parameter ¢ is the Lagrange multiplier in the
minimization process.

3. Results and Analysis

3.1. Spatial Distribution of Relative Soil Moisture of Farmland

The average annual relative soil moisture of farmland in the inland river basin was between
62.5% and 86.1% (Table 2), and was obviously different in different seasons. Overall, the relative soil
moisture of farmland was high in the Tarim Basin, northern and southern Qilian Mountains, and Hexi
Corridor, with an average value of 70-85%. The relative soil moisture of farmland was low in the
region from northern Altun to Lop Nur, Turpan Basin, and southern Taishan, with an average value of
50-70%. The relative soil moisture of farmland at a depth of 10 cm was between 62.5% and 83.6%,
with an average value of 69.7%; the value at 20 cm was between 67.5% and 86.2%, with an average
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value of 74.7%; and the value at 50 cm was between 69.3% and 77.7%, with an average value of 73.7%.
The seasonal and annual average thickness of the dry layer was both more than 3 cm, and the dry
layer was thicker in autumn and winter. Precipitation and evaporation greatly impacted the relative
soil moisture of farmland at different depths. In summer and autumn, the relative soil moisture of
farmland at different depths, in ascending order, was 10 cm < 20 cm < 50 cm; in spring it was 10 cm <
50 cm < 20 cm; and in winter it was 50 cm < 10 cm < 20 cm. In spring, there was less precipitation, and
the relative soil moisture of deep soil was obviously higher than that of shallow soil. In summer and
autumn, when there was more precipitation, shallow soil absorbed more water from precipitation.
As the study area received very little precipitation and the shallow soil layer soil was more vulnerable
to the impact of evapotranspiration, the maximum relative soil moisture of farmland occurred at a
depth of 50 cm.

Table 2. Spatial distribution of relative soil moisture (%) in a continental river oasis area during 1992-2011.

Soil Spring Summer Autumn Winter Year
Dry soil 4.40 3.65 7.24 7.20 5.62
10 cm 69.66 62.85 62.47 83.58 69.64
20 cm 77.22 67.49 67.81 86.18 74.67
50 cm 77.02 70.65 69.33 77.73 73.68

In spring (Figure 2a), there was an obvious variation in the spatial distribution of the relative
soil moisture of farmland. In the eastern Qaidam Basin and the northern and southern Tianshan and
Qilian Mountains, the relative soil moisture of farmland was relatively high, ranging from 80-85%; in
the Helan Mountains, eastern Yinshan, the Turpan Basin, and the southwestern Taklimakan Desert,
the relative soil moisture of farmland was relatively low, ranging from 50-70%; while in the rest of the
study areas, the relative soil moisture ranged from 70-80%. In summer (Figure 2b), the distribution
pattern of the relative soil moisture of farmland was similar to that in spring; however, the spatial
differentiation was not as obvious as in the spring. In the eastern Qaidam Basin and the southern and
northern Qilian Mountains, the relative soil moisture of farmland was relatively high, between 70-75%;
in the Mongolian Plateau, which is located in the east of Yinshan, the relative soil moisture of farmland
was between 50-60%; while the relative soil moisture of farmland in the rest of the study areas ranged
from 60-70%. In autumn (Figure 2c), the relative soil moisture of farmland was significantly different
to that in the spring and summer. In the central Mongolian Plateau, the southern foothills of the
Qilian Mountains, and the southern foothills of Altun, the relative soil moisture of farmland was high,
between 70-80%; in the central Junggar Basin and the central Badan Jaran Desert, the relative soil
moisture of farmland was low, between 50-60%; while in the rest of the study area, the relative soil
moisture of farmland ranged from 60-70%. That is, the relative soil moisture of farmland was not high
in summer and autumn, when precipitation was more concentrated but evaporation was stronger.
However, conditions were quite different in non-arid regions. In winter (Figure 2d), the relative soil
moisture of farmland in the southern Tianshan Mountains, the eastern Qilian Mountains, and the
Helan Mountains was high, between 80-90%; in the western Junggar Basin, the Turpan Basin, and the
Badan Jaran Desert, the relative soil moisture of farmland was low, between 60-70%; in the rest of the
study areas, the relative soil moisture of farmland was between 70-80%. The annual average relative
soil moisture of farmland of northern and southern Tianshan and the eastern Qilian Mountains was
high, between 79-80%, while the annual relative soil moisture of farmland in the rest of the study
area was between 60-70%. The seasonal and annual average relative soil moisture of farmland were
high in the southern and northern Tianshan Mountains and the eastern Qilian Mountains and low
in the Junggar Basin, the BadanJaran Desert, the Tengger Desert, and the Turpan Basin (Figure 2e).
The spatial distribution of areas with a relatively high relative soil moisture of farmland was consistent
with the distribution of precipitation and runoff, showing that rainfall and meltwater had a decisive
influence on the distribution of the relative soil moisture of farmland in the continental river basin.
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In the relative soil moisture of farmland-equivalent areas, including the continental river basin, the
relative soil moisture was patchily distributed, unlike in other areas where the distribution had a
striped pattern [12]. This shows that the factors that affected the relative soil moisture of farmland in
the continental river basin were very complex. The eastern Qilian Mountains and the southeastern
Inner Mongolian Plateau were affected by the southeast monsoon in summer and autumn. Meanwhile,
northern and southern Tianshan were under the influence of warm water vapor from the Atlantic
Ocean, and precipitation was high, within the range of 300-600 mm. In other areas of the continental
river basin, precipitation was generally lower, being less than 200 mm in many areas, and evaporation
was strong. Generally, the potential evaporation was greater than 800 mm.

0 250 500 1,000 km
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T 5 e (Year) 50%  60% 70% 80% 90%

Figure 2. Interpolation of the annual relative soil moisture of farmland in inland river basin areas
during 1992-2011.

The northwestern arid area contains mountains, basins, and plateaus. The alternating and
complex terrain affects the spatial distribution of the relative soil moisture of farmland by affecting
the temperature, wind, precipitation, and other meteorological factors. The spatial distribution of the
seasonal variation of the relative soil moisture of farmland in continental river basin varied significantly
(Figure 3). Overall, the average annual relative soil moisture showed an increasing trend, while
no obvious variation in the relative soil moisture of farmland was observed in the eastern margin
of the Qaidam Basin or the western Badan Jaran Desert, where the inter-annual increase rate was
0-0.1% yr~!. In the west of the study area, the relative soil moisture showed an obvious increasing
trend of 0.15-0.17% yr~!. The relative soil moisture of farmland of the western Tarim Basin increased
slightly, with an increase rate of 0.1-0.15% yr‘l. In spring, the relative soil moisture of farmland clearly
increased in the eastern margin of the Qaidam Basin and the western edge of the Badan Jaran Desert,
with an inter-annual increase rate of 0.4-0.65% yr~! (Figure 3a). Two bands of increasing relative soil
moisture of farmland running north to south were distributed along the western edge of the Qaidam
Basin, Shule, the eastern Badan Jaran Desert, and the eastern Badain Jaran Desert, with an inter-annual
increase rate of 0.2-0.5% yr‘l. In the southwestern Tarim Basin, the relative soil moisture decreased,
with an inter-annual variation rate of —0.4 to 0.2% yr‘l, while in the rest of the regions, the inter-annual
variation rate was —0.2 to 0% yr~'. In summer (Figure 3b), the relative soil moisture of farmland
showed an overall upward trend in the eastern Qilian Mountains, the Badan Jaran Desert, western
Yinshan, the Qaidam Basin to the Shule line, the eastern Junggar Basin, the western and eastern Tarim
Basin, and the Qaidam Basin, forming three belts of high relative soil moisture of the farmland running
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north to south with an inter-annual increase rate of 0.4-0.6% yr~!. In the western Tarim Basin and
the Mongolian Plateau, the relative soil moisture of farmland increased less, with an inter-annual
increase rate of —0.2% yr~!. The rest of the study area had an inter-annual increase rate of 0.2-0.4% yr~'.
In autumn (Figure 3c), the relative soil moisture of farmland increased significantly in the eastern
Qaidam Basin, the eastern Qilian Mountains, the Badan Jaran Desert, the Tengger Desert, and from
the western margin of the Qaidam Basin to the Shule River Basin, with an inter-annual increase rate
of 0.4-0.8% yr~!. In the eastern Tarim Basin, the eastern edge of the Tianshan Mountains, and the
eastern edge of the western Junggar Basin, the relative soil moisture of farmland showed a downward
trend, with an inter-annual decrease rate of —1 to 0% yr~!, while the rest of the study area showed an
upward trend, with an inter-annual increase rate of 0-0.4% yr~!. In winter (Figure 3d), the relative
soil moisture of farmland changed to a lesser extent; in the boundary between the Helan Mountains
and Yinshan, the east of the Maowusu sand, and the Mongolian Plateau, the relative soil moisture
slightly decreased, with an inter-annual variation of —0.2 to 0% yr~!. The trend rate increased from
west to east and increased slightly in the vast western area. In southern Tianshan and the northern foot,
the increase trend was clear, with an inter-annual increase rate of about —0.2% yr‘l, and the relative
soil moisture of farmland increased from south to north.
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Figure 3. Mean relative soil moisture and the tendency interpolation in arid inland river basin areas
during 1992-2011.

3.2. The Inter-Decadal and Inter-Annual Variability of Relative Soil Moisture

In autumn, the relative soil moisture of farmland at a depth of 10, 20, and 50 cm showed
a downward trend, while in the 1990s and early 2000s, the relative soil moisture of farmland in
inland river basins showed an overall increasing trend (Figure 4), with average annual relative soil
moisture of farmland showing increase rates of 0.15%, 0.25%, and 0.38% yr_1 at depths of 10, 20,
and 50 cm, respectively. In 1994, 1998, and 2007, when precipitation and evaporation underwent
significant fluctuations, the relative soil moisture of farmland also fluctuated significantly, suggesting
that fluctuations in meteorological factors significantly influenced the relative soil moisture of farmland.
In spring, the relative soil moisture of farmland increased at depths of 10, 20, and 50 cm, with increase
rates of 0.39%, 0.17%, and 0.32% yr‘1 ; that is, the soil layers showed a similar trend. In 1992-1999,
the relative soil moisture of farmland fluctuated greatly, though it did show an overall upward trend.
In 2000-2006, the relative soil moisture of farmland steadily increased, while in 2006-2011, the soil
moisture fluctuated and showed a downward trend. In summer, the relative soil moisture of farmland
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showed increase rates of 0.40%, 0.32%, and 0.25% yr~! at depths of 10, 20, and 50 cm, respectively,
and the variation in the relative soil moisture of farmland variation was different to that in spring.
In 1992-2001, the relative soil moisture of farmland fluctuated and had an overall downward trend.
In 2001-2007, the relative soil moisture of farmland showed a strong increasing trend, and a downward
trend was observed in 2007-2011. In autumn, unlike in spring and summer, the tendency rates of the
relative soil moisture of farmland were 0.12, —0.16, and —0.23% yr‘1 at depths of 10, 20, and 50 cm,
respectively. The relative soil moisture increased slightly at a depth of 10 cm and increased significantly
at depths of 20 and 50 cm. During 1999-2000, the relative soil moisture of farmland experienced
large fluctuations, while after 2000, it was stable at around 65%. In winter, the variation rates of the
relative soil moisture of farmland were —0.41%, 0.44%, and 0.58% yr‘1 at depths of 10, 20, and 50 cm,
respectively. The relative soil moisture of farmland at a depth of 10 cm showed a downward trend,
increasing in volatility in 1992-2005, and then showed a downward trend in 2006-2012. The relative
soil moisture of farmland at depths of 20 and 50 cm showed an overall upward trend, increasing in
volatility in 1992-2005 and showing a downward trend in 2006-2012. In winter, autumn, summer,
and spring, the overall tendency rates of the relative soil moisture of farmland were 0.20%, —0.09%,
0.32%, and 0.29% yr~!, respectively. Relative soil moisture increased in summer, spring, and winter,
and decreased in autumn. In spring and summer, the increasing trend was more obvious, and the
increase was larger in shallow soil than in deep soil. In autumn and winter, the variation of the relative
soil moisture of farmland was larger in deep soil than in shallow soil.
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Figure 4. The variation of the relative soil moisture of farmland in arid inland river basin areas
during 1992-2011.
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The inter-decadal variability of the relative soil moisture of farmland was less complex than the
inter-annual variability (Figure 4), indicating that the relative soil moisture variation in the inland river
basin will show more obvious variation over a longer timescale. Over a shorter timescale, the relative
soil moisture was sensitive to changes in external conditions. In winter and autumn, in the same study
region, the relative soil moisture at different depths showed different trends.

3.3. Intra-Year Variation of Relative Soil Moisture

The intra-year variation of relative soil moisture of farmland ranged from 31-94.5% (Figure 5).
The maximum value was in the oasis region at a depth of 20 cm (Figure 5a) and the minimum value was
at the edge of the oasis region at a depth of 10 cm (Figure 5b). The relative soil moisture of farmland for
different seasons was, in ascending order, autumn < summer < spring, and the relative soil moisture of
farmland at different depths was, in ascending order, 10 cm < 20 cm < 50 cm. With increasing soil
depth, the relative soil moisture of farmland increased significantly and the fluctuation decreased.
In summer, the southeastern monsoon arrived at the edge of the monsoon area, leading to an increase in
precipitation. In spring, meltwater greatly increased the relative soil moisture of farmland. Precipitation
was low in early summer and gradually increased afterward. Evaporation was strongest during the
summer, which resulted in the low relative soil moisture of farmland. For inland rivers in the Gobi
Desert, the seasonal fluctuations of the relative soil moisture of farmland were more volatile, and
the relative soil moisture of farmland was significantly lower in autumn than in spring and summer;
the reason for this was that meltwater from snow cover and permafrost infiltrated into the soil in
spring and there was little precipitation in summer. However, due to the temperature rise in summer,
strong evaporation continued, which resulted in the lowest relative soil moisture of farmland values
appearing in autumn in the inland rivers. Around August, the relative soil moisture of farmland was
high, precipitation was high, and evaporation had declined. Different soil depths basically showed
the same trends, and relative soil moisture was significantly larger in deep soil than in shallow soil.
After March, the relative soil moisture of farmland gradually increased in mountainous areas of inland
river basins; it was high in May and relatively low in June. The relative soil moisture of farmland
changed greatly at a depth of 10 cm and changed little at depths of 20 and 50 cm. In the northwestern
interior regions, there are large mountains where many glaciers are distributed, and snowmelt runoff
flows in the foothills. With the temperature rise in spring, snow and ice ablation and the melting of
seasonal permafrost began, which caused water to infiltrate into the soil and the relative soil moisture
of farmland to gradually increase. Around June, ice and snow melt, precipitation does not reach the
highest value during the year, and evaporation increases significantly, which caused the relative soil
moisture of farmland to significantly reduce. From July to early September, the relative soil moisture
was mainly from precipitation, while after September, as precipitation decreased, relative soil moisture
of farmland significantly reduced.

The seasonal variations of the relative soil moisture of farmland had spatial and temporal
differences in inland river basins. The relative soil moisture of farmland increased in spring, was
stable in summer, and declined in autumn, indicating that relative soil moisture in inland river basins
was mainly affected by glacier and snow meltwater and precipitation. In spring, the melting of
ice and snow caused the relative soil moisture of farmland to gradually increase, while in summer,
precipitation maintained the relative soil moisture of farmland at a stable level. From a spatial
perspective, the relative soil moisture of farmland in the foothills and monsoonal marginal zone was
much higher than that in the Gobi Desert