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Relative soil moisture in China’s farmland
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Abstract: Based on the data of relative soil moisture in 653 agricultural meteorological sta-
tions during the period of 1993-2013 in China, the characteristics and regularity of spatial and
temporal variation of relative soil moisture in China’s farmland were analyzed and discussed
using geostatistical methods. The results showed that the relative soil moisture of China’s
farmland has shown a fluctuant increasing trend since 1993. The relative soil moisture of
China’s farmland is more than 60% in general, its distribution area has been expanded
northward and westward with the summer monsoon since mid-April and began to shrink
eastward and southward in late October. The value of relative soil moisture increases with the
increase of soil depth. On an interannual scale, the relative soil moisture of farmland in-
creased fastest in summer and autumn, and its variation range decreased with the increase of
soil depth. The relative soil moisture was positively correlated with precipitation, and nega-
tively correlated with potential evaporation and temperature. The correlation between relative
soil moisture and various meteorological factors weakened as soil depth increased. The
meteorological factors have a great influence on relative soil moisture of dry land in spring,
summer and autumn and they also have a greater impact on relative soil moisture of paddy
fields in winter.
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1 Introduction

Soil supplies the water, nutrients, air and heat for the normal growth and development of
crops. Its physical and chemical properties are easily affected by climate change (Zhu et al.,
2010). In the field of agricultural monitoring, soil moisture is a comprehensive reflection of
soil water condition and further reflect the degree of drought in farmland intuitively (Ma et
al., 2000; Zhu et al., 2013; Zhang et al., 2016). And soil moisture is an important parameter
for research on the land surface processes. It can affect climate change by changing the sen-
sible heat, latent heat and long wave radiation fluxes from the surface to the atmosphere
(Delworth et al., 1988; Delworth et al., 1993; Ma et al., 1999). Therefore, analyzing the spa-
tial and temporal variations and regularity of relative soil moisture in different soil depths
under different time and space backgrounds is important to grasp the changes of the soil
moisture of farmland, utilize soil water resources rationally, and carry out further research
on the land surface process system.

In recent years, many researchers have conducted a series of studies on the characteristics
and influencing factors of relative soil moisture using measured data. Currently, researches
mainly focus on the relationship between relative soil moisture and meteorological elements
(Lu et al., 2011; Wang et al., 2013; Cho et al., 2014; Wang et al., 2015), soil properties
(Zhang et al., 2004; Fang et al., 2005; Zuo et al., 2007; Zhou et al., 2015; Zhang et al., 2016;
Zuo et al., 2018), land cover types (Zhang et al., 2003; Zhang et al., 2004; Broni et al.,
2013), and soil depth (Wang et al., 2013; Zhu et al., 2014) in the research area, and explore
the spatial and temporal variation characteristics and trends of relative soil moisture in spe-
cific areas. At present, research hot spots in China are mainly concentrated in the areas
where hydrological and meteorological observation data are relatively abundant, such as the
arid region of northwest China (Zhang et al., 2007; Wang et al., 2008; Zhang et al., 2011,
Zhang et al., 2012), the eastern China monsoon region (Zuo et al., 2007; Zuo et al., 2018),
the Loess Plateau (Chen et al., 2008; Lu et al., 2011), the Hengduan Mountainous (Zhu et al.,
2013), and the middle-lower reaches of the Yellow River (Fang et al., 2005; Li et al., 2011,
Wang et al., 2015). Due to the scarcity of observation sites on the Qinghai-Tibet Plateau, the
research of point pattern is mainly carried out based on the measured data (Wan et al., 2012;
Zhuo et al., 2015). In recent years, various inversion methods based on remote sensing
technology have become more and more effective in researching large-scale soil moisture
(Zhang et al., 2008; Younis et al., 2015). However, there are a lot of uncertainties in all
kinds of inversion data, which cannot replace the measured data in the short term.

This study used geostatistical methods to research the spatial and temporal variation
characteristics and regularity of relative soil moisture in China’s farmland from 1993 to
2013. The research can form basic data of relative soil moisture over China, provide com-
parative verification data for soil moisture monitoring based on remote sensing technology,
provide input parameters for regional land surface process model, and provide scientific de-
cision-making support for agricultural, forestry and other management departments.

2 Research area

Based on the Comprehensive Agricultural Regionalization of China, this study analyzes the
spatial and temporal variations of relative soil moisture in different regions of China’s farm-
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land (NARC, 1981). The division method of the regions is based primarily on their agricul-
ture production and geographic features (Ju et al., 2018). The classification divides China
into 10 agricultural first-grade regions. Nine of them are on land, and one is called the Ma-
rine Fishery Region. These on land regions include Northeast Region, Inner Mongolia and
along the Great Wall Region, Huang-Huai-Hai Plain Region, Loess Plateau Region, Mid-
dle-Lower Yangtze River Region, Southwest Region, South China Region, Gansu-Xinjiang
Region, and Qinghai-Tibet Plateau Region (Figure 1). The above 10 agricultural first-grade
regions reveal the most basic regional differences of agricultural production in China. On the
one hand, they reflect the different combinations of agricultural natural conditions and natu-
ral resources in China, thus providing a variety of possibilities for the development of agri-
culture. On the other hand, it reflects the basic characteristics of the regional differentiation
of agricultural production formed in the long-term historical development. The characteris-
tics of each agricultural first-grade region are distinct, have great stability, and have a unique
position in China (Deng 1982).
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Figure 1 Distribution of relative soil moisture observation station

3 Data and methods
3.1 Data source and processing

Based on the ten-day data of relative soil moisture of 778 agricultural observation stations in



ZHU Guofeng et al.: Relative soil moisture in China’s Farmland 337

China from 1993 to 2013, 653 stations with good time continuity, good location representa-
tion and trend test by Mann-Kendall were selected to carry out the research. Among them,
the number of stations with time series of data beginning in 1993 was 338, and that in 2002
was 315 (Figure 1). Due to the scarcity of sites on the Qinghai-Tibet Plateau Region, 14 sta-
tions with relatively poor data status were selected as supplementary stations, including
Lhasa, Linzhi, Gande, Huangyuan, Menyuan, Nomhon, Qumacai, Golmud, Zedang, Shi-
gatse, Minhe, Delingha, Guide and Henan. Data of relative soil moisture and meteorologi-
cal element were from the National Meteorological Information Center
(http://data.cma.cn/site/index.html), all meteorological data passed the Mann-Kendall trend
test, and the spatial distribution data of farmland were from the Resource and Environment
Data Cloud Platform (http://www.resdc.cn/data.aspx DATAID=99). The classification
method of the agricultural first-grade regions is based on the China Comprehensive Agri-
cultural Division (NARC, 1981).

According to the ten-day data of the relative soil moisture of the three soil depths (10 cm,
20 cm and 50 cm) during the period of 1993 to 2013 at each station, the multi-year average
in each season and annual average of relative soil moisture at each soil depth from 1993 to
2013 were calculated as follows.

2013 m
Ry, S){ > DX, +Y; +Z€7}/NX+NY+NZ) (1)

i=1993 j=n
where / is the depth of the soil depth (10 cm, 20 ¢cm, 50 cm); s is the time scale (multi-year
spring average, multi-year summer average, multi-year autumn average, multi-year winter
average, multi-year average); i indicates the year of 1993 to 2013; j represents the months
included in the required time scale, n is the month where j starts, and m is the month where j
ends; My, Ny and N indicate the number of ten-days in which observational data exist in the
first, middle and last ten-days of each month from 1993 to 2013, respectively. The calcula-
tion results of each station were calculated, analyzed and discussed by Kriging interpolation
according to the agricultural division.

The annual average R, ; of relative soil moisture in the three soil depths for each season
at each station were respectively established a linear regression equation with time (¢;), as
shown in formula (2).

Ry, =a+by, @)

i
where i represents the year and b is the tendency rate of interannual variation of relative soil
moisture in each season. The positive (b>0) tendency rate indicates that the relative soil
moisture increases with time, and the negative (b<0) tendency rate indicates a downward
trend.

3.2 Methods

Due to the complexity and diversity of crop type, irrigation time and type, meteorological
factors, uniform crop evapotranspiration coefficient cannot be used on a large spatial scale.
Therefore, the potential evaporation is selected as one of the meteorological factors for
analysis. The potential evaporation of each station is based on the daily data of six meteoro-
logical elements including daily maximum temperature, daily minimum temperature, daily
average temperature, average relative humidity, average wind speed and sunshine hours
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during the research period, and the Penman-Monteith model revised by the World Food and
Agriculture Organization (FAO) in 1998 was used to calculate (Allen et al., 2006; Zhu et al.,
2011).

At present, most researches on the relationship between soil moisture and environmental
factors use Kring interpolation method based on geostatistics and analysis in ArcGIS, this
method is based on spatial correlation model (Yamamoto, 2007), and its advantage is that it
has strong applicability when the terrain and meteorology are heterogeneous, which it can
not only reflect the consistency of geographical elements on a larger spatial and temporal
scale, but also reflect the uniqueness of specific regions (Yamamoto, 2007; Zhu et al., 2016).

4 Results and analysis
4.1 Spatial distribution of relative soil moisture

The spatial distribution of the multi-year average relative soil moisture (Figure 2) showed
that the relative soil moisture value was generally greater than 60% in China’s farmland, and
there were spatial distribution differences among regions, soil depths and seasons.

The relative soil moisture of 10 cm depth. In spring, the areas with relative soil moisture
less than 60% were mainly distributed in the Loess Plateau Region, Inner Mongolia and
along the Great Wall Region, the southwest of Southwest Region, the Pearl River Delta of
the South China Region, the Hangzhou Bay coast of Middle-Lower Yangtze River Region,
the north-central part of Huang-Huai-Hai Plain Region, and the Ningxia Plain of
Gansu-Xinjiang Region. The relative soil moisture values of other areas were generally
greater than 60%. Among them, relative soil moisture in the eastern region of Northeast Re-
gion, most of the Middle-Lower Yangtze River Region, and most of Southwest Region were
greater than 80%. In summer, except for Gansu-Xinjiang Region, Loess Plateau Region and
Inner Mongolia and along the Great Wall Region, the relative soil moisture in other regions
were generally greater than 60%. In the central part of the Middle-Lower Yangtze River Re-
gion and the southern part of Southeast Region, the area where relative soil moisture was
more than 80% in summer was smaller than that in spring. The relative soil moisture in the
southeastern part of the Huang-Huai-Hai Plain Region and the vast area at the junction of
Southwest Region and South China Region increased significantly in summer compared
with that in spring. In autumn, the area where the relative soil moisture was less than 60%
was sporadically distributed at the junction of Southwest Region and Middle-Lower Yangtze
River Region, mainly distributed to the north of the Yangtze River, and showed a shrinking
trend from east to west. The area where the relative soil moisture was greater than 80% was
distributed in the eastern part of Northeast Region, most of Southwest Region, the south-
western and northeastern parts of Middle-Lower Yangtze River Region, and the southeastern
part of the Huang-Huai-Hai Plain Region. In winter, the area where the relative soil moisture
was less than 60% obviously enlarged. The relative soil moisture in the north of Tianshan
Mountains of Gansu-Xinjiang Region, the northeastern part of the Qinghai-Tibet Plateau
Region, most of Inner Mongolia and along the Great Wall Region is less than 45%. The area
with relative soil moisture greater than 80% tended to shrink in Southwest Region, while it
tended to expand at different degrees in Middle-Lower Yangtze River Region,
Huang-Huai-Hai Plain Region, and Northeast Region. From the multi-year average
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Figure 2 Distribution of relative soil moisture in farmland
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value of the relative soil moisture at this depth, areas where the relative soil moisture was
less than 60% were mainly distributed at the junction of Gansu-Xinjiang Region, Loess Pla-
teau Region, and Inner Mongolia and along the Great Wall Region.

The relative soil moisture of 20 cm depth. In spring, the areas where the relative soil
moisture was less than 60% were mainly distributed in Southwest Region, Inner Mongolia
and along the Great Wall Region, and the west-central Loess Plateau Region. Among them,
relative soil moisture that was less than 30 % sporadically appeared in the southwestern part
of Southwest Region. The relative soil moisture in other areas is more than 60%, and that in
the eastern part of Northeast Region, the southeastern part of Huang-Huai-Hai Plain Region,
most of Middle-Lower Yangtze River Region, most of Southwest Region, and most of South
China Region was greater than 80%. In summer, the area where the relative soil moisture
was less than 60% was concentrated in most of Loess Plateau Region, southwest of the Inner
Mongolia and along the Great Wall Region. In the Huang-Huai-Hai Plain Region near the
Yellow River Estuary and the south Tianshan Mountains of Gansu-Xinjiang Region, there
was also a sporadic distribution. The area where the relative soil moisture was greater than
80% tended to decrease in Northeast Region and Middle-Lower Yangtze River Region but
expanded in the Huang-Huai-Hai Plain Region, South China Region and Southwest Region.
In autumn, the area where the relative soil moisture was less than 60% further shrank in the
Loess Plateau Region, Inner Mongolia and along the Great Wall Region, and the
Huang-Huai-Hai Plain Region, but it expanded at the junction of the Gansu-Xinjiang Region,
Southwest Region, and Middle-Lower Yangtze River Region. The area where the relative
soil moisture was more than 80% showed a significant expanded trend in southern
Huang-Huai-Hai Plain Region, Middle-Lower Yangtze River Region, Southwest Region, the
southern Loess Plateau Region, and the eastern part of the Qinghai-Tibet Plateau Region, but
shrank in South China Region and Northeast Region. In winter, the area where the relative
soil moisture was less than 60% obviously enlarged, and were mainly distributed in the ma-
jority of Gansu-Xinjiang Region, most of the Qinghai-Tibet Plateau Region, most of the ar-
eas of the Inner Mongolia and along the Great Wall Region, the western part of Northeast
Region, the southwestern part of Southwest Region, coastal areas of Fujian and Zhejiang in
Middle-Lower Yangtze River Region, and the Pearl River Estuary in South China Region.
Among them, the relative soil moisture in most of the Inner Mongolia and along the Great
Wall Region, most of the Qinghai-Tibet Plateau Region, the coastal areas of Fujian and
Zhejiang in Middle-Lower Yangtze River Region, the western part of the Gansu-Xinjiang
Region, and the northwest of the Huang-Huai-Hai Plain Region was less than 30%. Areas
with relative soil moisture greater than 80% in winter did not change much compared to that
in autumn. From the multi-year average value of relative soil moisture, the areas where the
relative soil moisture was less than 60% were concentrated in the northeastern part of Loess
Plateau Region, the southwestern Inner Mongolia and along the Great Wall Region. Among
them, most of the South China Region, most of the Middle-Lower Yangtze River Region, the
eastern part of Huang-Huai-Hai Plain Region, the eastern part of Northeast Region, and the
eastern part of Southwest Region have a relative soil moisture greater than 80%.

The relative soil moisture of 50 cm depth. In spring, the areas where the relative soil
moisture was less than 60% were mainly distributed in the junction of Loess Plateau Region
and Inner Mongolia and along the Great Wall Region, the southwestern part of Southwest
Region, and the central and eastern parts of South China Region and were sporadically dis-
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tributed in the north area of the Inner Mongolia and along the Great Wall Region, and Hang-
jiahu Plain in Middle-Lower Yangtze River Region. The relative soil moisture of other areas
was greater than 60%, and it was more than 80% in Northeast Region, South China Region,
Middle-Lower Yangtze River Region, Southwest Region, and the southeastern part of the
Huang-Huai-Hai Plain Region. In summer, the area where the relative soil moisture was less
than 60% shrank in the south of the Yangtze River, and expanded in the northern part. There
was no obvious distribution in South China Region, Southwest Region, and Middle-Lower
Yangtze River Region, but in the Loess Plateau Region and the Inner Mongolia along the
Great Wall, the expansion trend was obvious. The relative soil moisture in other areas was
greater than 60%, and the farmland area with the relative soil moisture greater than 80% was
reduced in Gansu-Xinjiang Region, and in other agricultural first-grade regions it was
enlarged. In autumn, the area where the relative soil moisture was less than 60% was dis-
tributed in various agricultural regions north of the Yangtze River, and the eastern part of the
South China Region, the junction of which with Middle-Lower Yangtze River Region was
even less than 40%. The relative soil moisture in other regions is greater than 60%, and the
areas with relative soil moisture value more than 80% was concentrated in most of Northeast
Region, most of the Middle-Lower Yangtze River Region, most of Southwest Region, and
the southern part of the Huang-Huai-Hai Plain Region. There was also a sporadic distribu-
tion in the southern part of the Loess Plateau Region. In winter, the area with relative soil
moisture less than 60% was widely distributed. In the southern part of Huang-Huai-Hai
Plain Region, the central and western parts of South China Region, most of Middle-Lower
Yangtze River Region, and the northeastern part of Southwest Region, the relative soil
moisture was greater than 80%. From the perspective of multi-year average value of relative
soil moisture, the areas where the relative soil moisture was less than 60% were mainly
concentrated in the Loess Plateau Region, Inner Mongolia and along the Great Wall Region.
The relative soil moisture of other areas was more than 60%.

From the perspective of the change of relative soil moisture with season, the areas with
high relative soil moisture values in the different soil depths had a tendency to expand
northward and westward with the transition of summer monsoon, that is, the area with high
relative soil moisture value expanded, and the area with low relative soil moisture value
gradually shrank. The distribution area of high relative soil moisture value reached the
maximum in autumn, and the distribution area of low relative soil moisture value is the
largest in winter. The area with high relative soil moisture value of each season is most
widely distributed in 50 cm soil depth.

4.2 Spatial differences in interannual variations in relative soil moisture

From interannual variation of the seasonal average and the annual average of relative soil
moisture (Figure 3), the tendency rate of interannual relative soil moisture during the period
from 1993 to 2013 was generally between —2.9 and 5, and that belonging to positive and
negative were interlaced in China, and changed with season.

In spring, the areas with negative interannual tendency rate in Qinghai-Tibet Plateau Re-
gion, Northeast Region, Southwest Region, and Gansu-Xinjiang Region expanded with the
increase of the soil depth. The areas with positive interannual tendency rate in Inner Mongo-
lia and along the Great Wall Region, Loess Plateau Region, and Middle-Lower Yangtze
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Figure 3 Spatial distribution of interannual variability of relative soil moisture in farmland

River Region expanded with the increase of the soil depth. The spatial distribution of posi-
tive and negative interannual tendency rate of various soil depths in South China Region
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showed good consistency. The interannual tendency rate in the west of the Yunnan-Guangxi
border was mainly negative, and in the eastern region was mainly positive. The areas with
interannual tendency rate in Southwest Region, Huang-Huai-Hai Plain Region, and Mid-
dle-Lower Yangtze River Region expanded with the increase of soil depth. The relative soil
moisture to 10 cm soil depth in the Middle-Lower Yangtze River Region and that to 20 cm
soil depth in the northern part of the Tianshan Mountains in Gansu-Xinjiang Region have a
tendency rate ranging from —20%/a to —5%/a. In autumn, the distribution of farmland areas
with interannual tendency rate being 0—5%/a was the widest. In South China Region, there
was no area with negative interannual tendency rate at each soil depth and the interannual
tendency rate was within the range of 0—5%/a. In the eastern part of South China Region,
there was partial area with an interannual tendency rate being 5%/a—20%/a. The areas with
positive and negative interannual tendency rate in other agricultural first-grade regions were
characterized by interlaced phase distribution. In winter, the distribution of negative inter-
annual tendency rate was more extensive than other seasons, and concentrated in Northeast
Region, Gansu-Xinjiang Region, Inner Mongolia and along the Great Wall Region,
Huang-Huai-Hai Plain Region and Southwest Region, while the interannual tendency rate
was negative in the west of the Pearl River Estuary in the South China Region and at the
junction with Southwest Region for the first time.

Judging from the interannual variation of the annual average, there were areas with nega-
tive interannual tendency rate in different soil depths in Southwest Region and most of
Qinghai-Tibet Plateau Region. At the junction of Gansu-Xinjiang Region and Inner Mongo-
lia and along the Great Wall Region, the junction of Middle-Lower Yangtze River Region
and Huang-Huai-Hai Plain Region, and the junction of Huang-Huai-Hai Plain Region, Loess
Plateau Region and Inner Mongolia and along the Great Wall Region, there were areas with
negative interannual tendency rate at each soil depth. With the increase of soil depth, the
areas with negative interannual tendency rate in various agricultural first-grade regions show
an expanded trend from southeast to northwest.

From the perspective of the trends of interannual tendency rate with different seasons, the
area with a negative annual interannual tendency rate was most widely distributed in winter.
In summer and autumn, the interannual tendency rate in each agricultural first-grade region
was mainly positive.

4.3 Interannual variation of relative soil moisture

The interannual variation of the annual average relative soil moisture of farmland in China
had strong regularity (Figure 4). The trend of annual average relative soil moisture value of
different soil depths in each agricultural first-grade region had strong consistency. The
change in South China Region is greater than that in other regions. The relative soil moisture
values in the Middle-Lower Yangtze River Region and Southwest Region were higher than
those in other regions, while the relative soil moisture values in the Loess Plateau Region,
Inner Mongolia and along the Great Wall Region, and Gansu-Xinjiang Region is signifi-
cantly lower than those in other regions, and there were less differences among different soil
depths in Inner Mongolia and the Great Wall Region.

In Northeast Region, the interannual tendency rates of relative soil moisture in 10 cm, 20
cm and 50 cm soil depths were 0.18%/a, 0.14%/a, and 0.011%/a, respectively. In
Gansu-Xinjiang Region, they were 0.26%/a, —0.15%/a, and —0.09%/a, respectively. In South
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Figure 4 Interannual variation of relative soil moisture in different agricultural first-grade regions

China Region, they were 1.04%/a, 0.51%/a, and 0.24%/a, respectively. In Huang-Huai-Hai
Plain Region, they were —0.31%/a, —0.35%/a, and —0.37%/a, respectively. In Loess Plateau
Region, they were 0.017%/a, 0.049%/a, and 0.028%/a, respectively. In Inner Mongolia and
along the Great Wall Region, they were —0.020%/a, 0.079%/a, and —0.022%/a, respectively.
In the Qinghai-Tibet Plateau Region, they were 0.21%/a, 0.20%/a, and 0.0084%/a, respec-
tively. In Southwest Region, they were 0.0026%/a, —0.16%/a, and —0.005%/a, respectively.
In the Middle-Lower Yangtze River Region, they were 0.14%/a, 0.08%/a, and 0.15%/a, re-
spectively. Since 1993, the interannual tendency rates of relative soil moisture in
Huang-Huai-Hai Plain Region were negative, while in other regions they were generally
positive. The fastest increasing rate of relative soil moisture appeared in the 20 cm soil depth
in South China Region, and the slowest was in the 10 cm soil depth in Southwest Region.
The highest negative tendency rate of relative soil moisture was in the 50 cm depth in the
Huang-Huai-Hai Region, and the lowest was in the 50 cm soil depth in Southwest Region.

4.4 Monthly changes of relative soil moisture

The relative soil moisture values increased with the increase of soil depth in each month
(Figure 5). There was a regional difference in the monthly trend of relative soil moisture, but
there was a strong consistency in the monthly trend of relative soil moisture in different soil
depths in the same agricultural first-grade region. There were also obvious regional differ-
ences in the monthly variation of relative soil moisture. The monthly variations in Mid-
dle-Lower Yangtze River Region, Northeast Region and the Qinghai-Tibet Plateau Region
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Figure 5 Monthly variation of relative soil moisture in different agricultural first-grade regions

was relatively small, while they were relatively large in the Gansu-Xinjiang Region, South
China Region, Inner Mongolia and along the Great Wall Region. The monthly variation of
relative soil moisture in different regions shows a regularity of decreasing with the increase
of soil depth. The relative soil moisture values of different soil depths in each month in Inner
Mongolia and along the Great Wall Region were lower than those in other regions.

5 Discussion

5.1 Influence of main meteorological elements on relative soil moisture

In spring, except that the relative soil moisture of farmland was negatively correlated with
precipitation in the western part of the Hexi Corridor in Gansu-Xinjiang Region, the relative
soil moisture in other region was generally positively correlated with precipitation (Figure 6).
In most of the Middle-Lower Yangtze River Region, most of the South China Region, most
of the Huang-Huai-Hai Plain Region, most of the Inner Mongolia and along the Great Wall
Region, the eastern part of Northeast Region, the southwestern part of the Qinghai-Tibet
Plateau Region, the southern part of the Loess Plateau Region, and the eastern part of
Southwest Region, there was a strong positive correlation between relative soil moisture and
precipitation, and the correlation coefficient was between 0.3 and 0.7. In autumn, the areas
where relative soil moisture and precipitation were strong positively correlated in Northeast
Region, Middle-Lower Reaches Yangtze River Region, Huang-Huai-Hai Plain Region and
the Loess Plateau Region increased, while those in Southwest Region and South China
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Figure 6 Spatial distribution of correlation coefficients between main meteorological factors and relative soil

moisture

Region decreased. In winter, the areas where relative soil moisture was positively correlated
with precipitation were concentrated in most of South China Region and the southwestern
part of Southwest Region, and there was also a sporadic distribution at the junction of
Northeast Region and Inner Mongolia and along the Great Wall Region. The area where the
relative soil moisture was negatively correlated with precipitation was scattered in China's
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non-monsoon region, mainly because precipitation in the non-monsoon region in winter is
mainly snowfall, which will not be infiltrated to the soil immediately, and the absorption
ability of soil after freezing is greatly reduced.

The relative soil moisture and potential evaporation of farmland were generally negatively
correlated in each season (Figure 6). In spring, the relative soil moisture of farmland was nega-
tively correlated with potential evaporation, and the correlation was especially strong in the
eastern part of Northeast Region, most of Huang-Huai-Hai Plain Region, most of Mid-
dle-Lower Yangtze River Region, the eastern part of South China Region, the eastern part of
Southwest Region, the Loess Plateau Region and the junction of the Gansu-Xinjiang Region and
Qinghai-Tibet Plateau Region. In summer, the relative soil moisture and potential evaporation in
the eastern margin of the Tarim Basin of Gansu-Xinjiang Region and the southern part of
Middle-Lower Yangtze River Region were positively correlated. In Southwest Region, Inner
Mongolia and along the Great Wall Region, Northeast Region, and the Loess Plateau, the area
where relative soil moisture and potential evaporation was negatively correlated significantly
expanded, but it has shown a trend of shrinking in Middle-Lower Yangtze River Region,
Gansu-Xinjiang Region, Qinghai-Tibet Plateau Region, Huang-Huai-Hai Plain Region, and
South China Region. In autumn, there was a strong negative correlation between relative soil
moisture and potential evaporation in farmland. The farmland areas with negative correlation
from —0.3 to 0 were mainly distributed in most of Gansu-Xinjiang Region, the southern part
of Qinghai-Tibet Plateau Region, the eastern part of South China Region, and Middle-Lower
Yangtze River Region. In winter, the areas where relative soil moisture and potential evaporation
are positively correlated were widely distributed in the western part of Gansu-Xinjiang Re-
gion, the southeastern part of Inner Mongolia and along the Great Wall Region.

The spatial distribution of the correlation coefficient between relative soil moisture and
temperature in farmland varied greatly seasonally (Figure 6). In spring, the relative soil
moisture was generally negatively correlated with temperature. The areas where relative soil
moisture was strongly negatively correlated were mainly distributed in most of Northeast
Region, southwestern part of Huang-Huai-Hai Plain Region, northern part of Middle-Lower
Yangtze River Region, most of Southwest Region, and the eastern part of South China Region.
In addition, farmland with positive correlation between relative soil moisture and tempera-
ture was widely distributed in the southeastern part of Southwest Region, southern part of Mid-
dle-Lower Yangtze River Region, and the eastern part of South China Region, among these re-
gions, the positive correlation was strong in the Pearl River Estuary. The areas where relative
soil moisture and temperature was positively correlated were also found in the northeastern part
of Southwest Region, the southwestern part of Loess Plateau Region, the northeastern part of
Qinghai-Tibet Plateau Region, and Hexi Corridor of Gansu-Xinjiang Region, and were scat-
tered in the eastern part of Huang-Huai-Hai Plain Region and the western part of
Gansu-Xinjiang Region. In summer, the area where the relative soil moisture is positively
correlated with temperature was generally shrinking, but it expanded at the junction of
Northeast Region with the Inner Mongolia and along the Great Wall Region, and the
Huang-Huai-Hai Plain Region. In autumn, the areas where relative soil moisture was positively
correlated with temperature were mainly distributed in the southern part of Northeast Region,
most of the Qinghai-Tibet Plateau Region, most of the Gansu-Xinjiang Region, the western part
of the Loess Plateau Region, the Inner Mongolia and along the Great Wall Region, and the
southeastern part of Huang-Huai-Hai Plain Region, and was sporadically distributed in
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South China Region. The areas where relative soil moisture had a strong negative correlation
with temperature were located in the central part of Southwest Region, the southwestern part
of Middle-Lower Yangtze River Region, the central part of the Huang-Huai-Hai Plain Re-
gion, and the southern part of the Loess Plateau Region. In winter, areas with the relative
soil moisture positively correlated with temperature were found in the majority of
Gansu-Xinjiang Region, most of Inner Mongolia and along the Great Wall Region, the east-
ern part of Northeast China Region, the northern part of Middle-Lower Yangtze River Re-
gion, and the southeastern and northern parts of the Huang-Huai-Hai Plain Region. There
was a strong negative correlation between relative soil moisture and temperature in the southern
part of the Loess Plateau Region, the western part of the Huang-Huai-Hai Plain Region, the
western part of South China Region, and the southwestern part of Southwest Region.

5.2 Differences in relative soil moisture of paddy fields and dry land

Most of the paddy fields were in the monsoon region with sufficient precipitation and irriga-
tion water source, and the annual average relative soil moisture in different soil depths were
higher than those in the dry land (Figure 7). The relative soil moisture value in 20 cm and 50
cm depth soils of more than 85% of the paddy fields exceeded 80%, while it to 10 cm soil
depth was mostly between 60% and 80%. The relative soil moisture in 10 cm and 20 cm
depth of more than 50% dry land was between 60% and 80%, while it to 50 cm depth was
mostly between 60% and 80% (Figure 2).
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Figure 7 Interannual variation of relative soil moisture in different types of farmland

In summer, the correlations between relative soil moisture and precipitation, and potential
evaporation in dry land was more significant than those in paddy fields. The correlation be-
tween relative soil moisture and temperature in paddy fields was stronger than that in dry
land. In autumn, the correlations between relative soil moisture and precipitation, as well as
potential evaporation in dry land were stronger than those in paddy fields, and the correla-
tion between relative soil moisture and temperature in paddy fields was stronger than that in
dry land. In winter, the correlations between relative soil moisture and precipitation in paddy
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fields and in dry land were relatively close. The correlation between relative soil moisture
and potential evaporation in paddy field was stronger than that in dry land. The correlation
between relative soil moisture and temperature in dry land was stronger than that in paddy
fields. These suggested that the relative soil moisture in dry land in the northern agricultural
region in summer and autumn was more affected by precipitation and evaporation. In winter,
the influence of meteorological factors on relative soil moisture was weakened due to the
formation of seasonal frozen soils in dry land of northern China, while relative soil moisture
in Southwest Region, Middle and Lower Yangtze River Region, and South China Region
was still affected by meteorological factors.

6 Conclusions

(1) Since 1993, the relative soil moisture of farmland in China has shown a fluctuant in-
creasing trend.

(2) The relative soil moisture of farmland in China was generally greater than 60%. The
distribution area has been expanding northward and westward with the summer monsoon
since mid-April and has been shrinking eastward and southward since late October. The
relative soil moisture increased with the increase of soil depth, and the distribution area with
a high relative soil moisture also increased with the increase of soil depth.

(3) The interannual tendency rate of relative soil moisture in farmland ranged from
—2.9%/a to 5%/a, and the areas where the interannual tendency rate was positive and nega-
tive were interlacedly distributed, and the area with positive interannual tendency rate in-
creased with the increase of soil depth. The interannual and intermonthly variation of rela-
tive soil moisture at each soil depth showed a fluctuant increasing trend. The relative soil
moisture of farmland increased fastest in summer and autumn, and the variation range de-
creased with the increase of soil depth.

(4) The relative soil moisture was positively correlated with precipitation, negatively cor-
related with potential evaporation and temperature.

(5) The annual average relative soil moisture value in paddy fields was higher than that in
dry land. The difference of annual average relative soil moisture in these two types of farm-
land increased with the increase of soil depth. The meteorological factors had a great influ-
ence on the relative soil moisture of dry land in spring, summer and autumn, and they had a
greater impact on the relative soil moisture of paddy fields in winter.
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