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Abstract 
The change of soil temperature can affect the regional climate, so it is of great 
significance to research the spatial and temporal evolution characteristics of 
regional soil temperature over a long period of time for the research of the 
land-air interaction, climate change and ecological agricultural construction. 
We use the v2.0 and v2.1 data set combined with GLDAS and Noah models to 
analyze the spatiotemporal variation of temperature in soil layers of 0 - 200 
cm in China during the period of 71 years from 1948 to 2018. Firstly, the 
Mann-Kendall test method is used to research the variation trend of soil 
temperature over the past 71 years in China and the spatial variation of these 
trends. Secondly, by calculating the spatiotemporal coefficient of variation 
(CV) of soil temperature, the spatial-temporal fluctuation of soil temperature 
in China is further studied and analyzed. Finally, the Hurst index is used to 
analyze the possible future trend of soil temperature in China. Based on these 
methods, we have drawn the following conclusions: 1) The soil temperature 
in most areas of northern China had an increasing trend, especially in the 
northeast China. The soil temperature in most of the south China had a de-
creasing trend. The temperature trends of the four soil layers had little dif-
ference, and it remained stable on the whole. 2) The regional difference of soil 
temperature in China remained stable before 1999, and decreased suddenly in 
2000. After 2008, the regional difference increased. Compared with the pre-
vious period, the temperature in some areas increased or decreased abnor-
mally. 3) The soil temperature in eastern, southeast China and Xinjiang had a 
relatively significant variation in the 71 years. From 0 - 10 cm soil surface to 
100 - 200 cm soil bottom, the spatial difference of temperature gradually de-
creased, which was due to the fact that the soil temperature was more affected 
by the surface atmospheric temperature. 4) The soil temperature in the north 
and northwest of China will continue to grow, and in the southern—most 
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will continue to decrease. The soil temperature in the north of central China 
will become a decreasing trend, while the temperature in the south of central 
China will become an increasing trend. 
 
Keywords 
China, Soil Temperature, Spatiotemporal Variation, GLDAS, Mann-Kendall, 
Hurst Index 

 

1. Introduction 

Soil temperature, an important physical property of soil, can affect the energy 
and water exchange between land and atmosphere by changing the surface 
thermal state, and then affect the regional climate [1]. Soil temperature has dif-
ferent effects on the bio-chemical process of soil materials and the quality of soil 
resources [2], and can be used as a judgment factor to predict the future 
land-atmosphere material and energy exchange relationship [3]. Its regional dif-
ferentiation and seasonal variation directly affect the growth, development, re-
production and distribution of soil organisms, which are closely related to agri-
cultural production and ecological environment [4] and provide important sci-
entific basis for agricultural regional planning and ecological agriculture con-
struction in China. 

There are some researchers who have studied the spatiotemporal evolution of 
soil temperature in some regions in China and demonstrated the close relation-
ship between soil temperature and climate environment. Yang Nan et al. [5] an-
alyzed the variation characteristics of soil temperature on the Qinghai-Tibet 
plateau from 2000 to 2016 by using methods such as linear tendency estimation 
and empirical orthogonal function decomposition, and they drew a conclusion 
that soil temperature on the Qinghai-Tibet plateau is inversely correlated with 
both altitude and latitude and increased year by year. Wu Haomin et al. [6] de-
tected the trend and sudden variation of soil temperature in Lishui city from the 
two different time dimensions of year and season, and concluded that soil tem-
perature was highly correlated with air temperature and precipitation. Yang Xia 
and Zhao Yizhou et al. [7] used the observation data of the 9-layer soil tempera-
ture at the automatic station in Aksu area, and consequently found that the di-
urnal variation of the soil temperature apparatus at different levels was also sig-
nificantly different and solar radiation had a corresponding effect on the change 
and distribution of soil temperature. Meng Xianyong et al. [8] confirmed that 
CLM3.5 model under the force of CLDAS driving field could accurately reflect 
the temporal variation law of soil temperature in three soil layers (5 cm, 20 cm 
and 80 cm) in Xinjiang, China. Yang Nan, Wu Haomin and Yang Xia et al. [9] 
all studied the spatial-temporal variation of soil temperature on a small scale, 
with a small-time span and few studies on the depth variation characteristics of 
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soil temperature. 
Researchers have also done some researches on soil temperature of the whole 

China. Using the monthly average 0.8 m layer ground temperature data of 532 
stations in China from 1954 to 2001, Lu Xiaobo et al. [10] analyzed the variation 
characteristics of ground temperature in the different regions in China. They 
confirmed that in this period, the interdecadal variation of annual mean ground 
temperature in China could be roughly divided into three stages: the declining 
stage, the relative cold stage and the rising stage; and in the meantime, the re-
gional variation characteristics of ground temperature are significant. According 
to the ground climatic data from 1971 to 2000 of annual and monthly average 
soil temperature, air temperature and precipitation, Zhang Huizhi et al. [11] an-
alyzed the seasonal variation of soil temperature in China as well as the charac-
teristics of the regional differentiation, and analyzed the influence of tempera-
ture and precipitation on soil temperature. They confirmed that in China the 
seasonal variation of soil temperature was very obvious, and the seasonal varia-
tion was significant difference among different regions. Based on IBIS model, 
Zhu Qiu’an [12] simulated the annual and monthly average soil temperature of 
the upper soil layer of 1 m in China from 1955 to 2006, and they used the 
Mann-Kendall method to analyze the trend of annual and monthly average soil 
temperature. They drew the conclusion that for the annual average soil temper-
ature, the north had significant increasing trend, but the south had weak in-
creasing trend. 

Although these studies have explored many spatiotemporal characteristics of 
soil temperature in China, there are still some problems to be further explored: 
1) although the trend of soil temperature in China in the past long time series 
has been studied, the spatial variation of this trend needs further exploration; 2) 
the time-variation of annual spatial variation of soil temperature in China, and 
spatial-variation of soil temperature in a long time series need to be explored; 3) 
what is the possible future trend of soil temperature in China? 

In view of the above problems that need further exploration, this paper ex-
tends the research time to 71 years from 1948 to 2018 to explore the spa-
tial-temporal variation of soil temperature trend, the spatial-temporal fluctua-
tion characteristics and the future trends of soil temperature, so as to comple-
ment existing studies. The contributions of this paper include the following 
three aspects: 1) the Mann-Kendall test is used to research the variation trend of 
soil temperature over the past 71 years in China, and the spatial variation of the-
se trends are analyzed; 2) the annual spatial variation coefficient of soil temper-
ature in the research area for 71 years and the CV of soil temperature in time se-
ries are calculated to analyze the spatial and temporal fluctuations of soil tem-
perature in different depths; 3) the Hurst index is used to predict the possible 
future trend of soil temperature in China. 

The structure of the rest of this paper is as follows: the second part explains 
the data sources and research methods. The third part analyzes the data pro-
cessing results. The fourth part carries on the summary analysis to draw the re-
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search conclusion. 

2. Data and Method 
2.1. Data 

The data sets used in this paper are from the European space agency’s (ESA) 
global land data assimilation system (GLDAS). GLDAS is a data assimilation 
system based on satellites, surface models and ground observations [13]. The 
meteorology-driven data used in GLDAS are derived from multi-source obser-
vations, reanalyzed data and atmospheric assimilation products, which had high 
applicability in regional studies. Jiang et al. [14] and Wang Wen et al. [15] con-
firmed the applicability of GLDAS in China, and the data had been widely used 
in the research of soil temperature in China [5] [9] [16] [17] [18]. This paper us-
es the v2.0 and v2.1 data set combined with GLDAS and Noah models [18] [20] 
[21]. The soil temperature in these data sets includes four layers: 0 - 10 cm, 10 - 
40 cm, 40 - 100 cm, and 100 - 200 cm. The time series are 1948-1999 and 
2000-2018. The spatial resolution is 0.25˚ × 0.25˚, and the temporal resolution is 
monthly. Using these data, we evaluate the temporal and spatial variation char-
acteristics of the temperature in the 0 - 200 cm soil layer in China.  

The research area of this paper is mainland China and two islands in southern 
China. The maps in this paper do not show other smaller islands in the South 
China Sea. 

2.2. Mann-Kendall Trend Test 

The Mann-Kendall test, proposed by H. B. Mann and M. G. Kendall, is original-
ly used for climate diagnosis and prediction, and is a distribution-free test 
method, which does not require samples to conform to a certain distribution, 
nor to be disturbed by a few outliers. And it is widely used in the significance 
test of time series trend [22]. It has been used in the research of soil temperature 
[8] [23] and proved its applicability. 

For time series variables ( 1 2, , , tx x x ), t is the length of the time series, and 
M-K method defines the statistics. 

( )
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S is normal distribution, the mean value is 0, and the variance  
( ) ( )( )var 1 2 5 18S n n n= − + . When n > 10, the normal distribution statistics 
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are calculated as follows: 
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If Z > 0, it indicates that the soil temperature has an increasing trend in this 
time period; otherwise, it is a decreasing trend, and the larger the absolute value 
is, the more obvious the trend will be. When Z value is greater than or equal to 
1.28, 1.64 and 2.32, the confidence level is 90%, 95% and 99% respectively. 

2.3. Coefficient of Variation 

Coefficient of Variation (CV) is used to measure the degree of Variation be-
tween samples with different units or large mean differences [24], and to reflect 
the absolute value of the degree of dispersion of data. Coefficient of variation is 
an objective statistic that can well avoid the interference of subjective factors 
[25] When comparing the dispersion degree of two sets of data, coefficient of 
variation can eliminate the influence caused by too big difference in measure-
ment scales or different data dimensions [26]. We can use the coefficient of vari-
ation to measure the fluctuated of a data series. 

The calculation method of variation coefficient is as follows:  

vC σ
µ

=                            (4) 

where, vC  is the coefficient of variation, σ is the standard deviation of the soil 
temperature data of the time series, and µ  is the mean value of the soil tem-
perature data of the time series.  

2.4. Hurst Index 

The research on Hurst index began with the British hydrologist H. E. Hurst, who 
found that the long-term storage capacity of reservoirs could be better described 
by the partial random walk (fractal Brownian motion), and on this basis pro-
posed the method of re-scale range (R/S) analysis to establish the Hurst index 
(H). Moreover, Hurst index is used as an indicator to determine whether time 
series data follow a random walk or a biased random walk as well. Hurst index is 
used in many related research works [27] [28] [29], and it has been proved that it 
is suitable for studying temperature. 

The soil temperature time series is defined as the ξ(t), where 1,2,3, ,t n=  , for 
any positive integer 1τ ≥ , or more, the time sequence of the mean sequence is: 

( ) ( ) ( )
1

1 , 1, 2,3,t t
t

τ

ξ ξ τ
τ =

= =∑                     (5) 

Cumulative differential sequence: 
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( ) ( ) ( )( ),
1

t t
t

X
τ

τ τξ ξ
=

= −∑                       (6) 

The range sequence is: 

( ) ( ) ( ) ( ), ,max min , 1t tR X X tτ τ τ τ= − ≤ ≤                (7) 

The standard deviation sequence is: 

( ) ( ) ( )( )( )
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The Hurst index is calculated as: 

( )HR
c

S
τ

τ

τ=                           (9) 

where, H represents the Hurst exponent and c is the proportional parameter. To 
take logarithm on both sides, in double logarithmic coordinate system (ln(Rτ/Sτ), 
lnτ) with least square fitting, draw a straight-line slope is the Hurst index. The 
value range of Hurst index is (0,1), which can be divided into three cases:  

1) when 0 < H < 0.5, the sequence has anti-persistence, that is, the future trend 
is contrary to the past trend, and the closer H is to 0, the stronger the an-
ti-persistence; 

2) when H = 0.5, it is a random sequence, that is, the trend of future change 
has nothing to do with the trend of the past; 

3) when 0.5 < H < 1, the future trend is consistent with the past trend, and the 
closer H is to 1, the stronger the persistence.  

3. Result 
3.1. Analysis of Soil Temperature Variation Trend 

In order to explore the trend of the average soil temperature in each layer in 
China from 1948 to 2018, we extract and count the temperature data of 0 - 200 
cm soil layer from GLDAS data, calculate the Z-value of each pixel using the 
Mann-Kendall test method, and finally draw the distribution map of the tem-
perature trend in each layer according to the Z-value, as shown in Figure 1. 

According to the theory of Mann-Kendall test, as shown in Figure 1, the four 
layers of soil in the spatial distribution of Z-value in the 71 years is roughly 
same, which shows that with the increase of soil depth, the spatial distributions 
of the temperature trends of 4 soil layers in 1948-2018 were very similar. The 
South and north of China have very different trends. The soil temperature in 
most parts of northern China in the 71 years had an increasing trend, especially 
in northeast China, the northern and central Inner Mongolia, the southwestern 
Tarim basin, the western Tianshan mountains, the northern Junggar basin, the 
Tibetan plateau, and some parts of southern China such as the northern Sichuan 
basin, the north of the middle-lower Yangtze plain, and the island of Taiwan. 
The increasing trend of soil temperature is most obvious in the island of Taiwan. 
As is shown in Figure 1, the Z-value of the areas just mentioned is greater than  
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Figure 1. Spatial distribution of Mann-Kendall Z-values of soil average temperature in 
different layers in China from 1948 to 2018. If Z > 0, it indicates that the soil temperature 
has an increasing trend in this time period; otherwise, it is a decreasing trend, and the 
larger the absolute value is, the more obvious the trend will be. The figure is produced 
using the map with review number GS (2019) 1823 by Ministry of natural resources of 
China. 
 
0, which means that the 0 - 200 cm layer soil temperature in these areas over the 
past 71 years was on the increase. But other areas in most parts of southern Chi-
na had the decreasing trend, such as the southeast Qinghai-Tibet plateau, the 
western-southern Tarim basin, the Yunnan-Guizhou plateau, the central-southern 
loess plateau, the most part of middle-lower Yangtze plain, the east of Wuyi 
mountains, and Hainan island. Particularly in the east-southeast Qinghai-Tibet 
plateau, the Tianshan mountains, and some areas of the Gaidam basin, the 
Z-value is less than 0, indicating that these areas had gradually cooled down in 
the past 71 years.  

Table 1 shows the proportion of pixel number in each distribution interval of 
Z-value. According to statistics, there are about 68,600 pixels in the research ar-
ea, among which, in the 0 - 10 cm soil layer, 13,564 pixels with Z-value are 
greater than 0, accounting for about 19.77%, and 80.23% of the pixels with 
Z-value are less than 0. In the 10 - 40 cm soil layer, 11320 pixels with Z-value are 
greater than 0, accounting for about 16.50%, and 83.50% of the pixels with 
Z-value are less than 0. In the 40 - 100 cm soil layer, there are 10380 pixels with 
Z-value greater than 0, accounting for about 15.13%. The number of pixels with 
Z-value less than 0 account for 84.87%. In the 100 - 200 cm soil layer, 8864 pixels 
with Z-value are greater than 0, accounting for about 12.92%, and 87.08% of the 
pixels with Z-value are less than 0. From these statistical data, the proportions of 
the pixel numbers in each Z-value distribution interval have little difference in 
four layers. On the whole the Z-values less than 0 account for about 85%, and 
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Table 1. Statistics of Z-value distribution interval of each soil layer. 

Z value range 0 - 10 cm 10 - 40 cm 40 - 100 cm 100 - 200 cm 

Z ≤ −2.32 13.0% 16.7% 18.5% 21.1% 

−2.32 < Z ≤ −1.64 3.6% 3.7% 3.7% 3.6% 

−1.64 < Z ≤ −1.28 1.9% 2.1% 1.8% 1.7% 

−1.28 < Z ≤ 0 61.7% 61.0% 60.8% 60.7% 

0 < Z ≤ 1.28 5.1% 3.6% 3.7% 3.3% 

1.28 < Z ≤ 1.64 1.3% 0.9% 0.9% 0.8% 

1.64 < Z ≤ 2.32 2.8% 1.7% 1.7% 1.2% 

Z > 2.32 10.6% 8.9% 8.9% 7.6% 

 
the Z-values greater than 0 account for about 15%. So about 85% of the research 
area had a decreasing trend during this period, while about 15% of the area was 
on the increase. 

Meanwhile, the statistics in Table 1 show that most pixels with growth trends 
are in a relatively high increasing trend. About 9% of the pixels have the Z-value 
greater than 2.32, indicating that the areas covered by these pixels have 99% 
chance of increasing trend. However, most of the pixels with a decreasing trend 
were in a lower decreasing trend. About 61% of the pixels had Z-values less than 
0 and greater −1.28, indicating that the areas covered by these pixels had less 
than 90% chance of decreasing trend. In general, soil temperature in most areas 
of China was on a decreasing trend. It can be seen from the combination of Fig-
ure 1 and Table 1 that the soil temperature between 0 and 200 cm in most parts 
of China had a general cooling trend since 1948, and the temperature had little 
difference between every soil layer. 

3.2. Time-Variation of Annual Spatial Variation of Soil  
Temperature 

We calculated the annual spatial CV of the temperature of the four soil layers in 
China during the 71-year period from 1948-2018, and plot the line graph of the-
se CV value, as shown in Figure 2. We can see the spatial variation fluctuation of 
each soil layer from 1948 to 2018.  

In Figure 2, the blue, orange, green, red fold lines respectively represent the 
CV curve of soil temperature of 0 - 10 cm, 10 - 40 cm, 40 - 100 cm, 100 - 200 cm. 
As shown in Figure 2, from top to bottom, the CV values decrease gradually 
with the increase of soil depth, that is, the spatial variation of soil temperature in 
the research area became smaller with soil becoming deeper, indicating that the 
temperature in the deeper soil was more well-distributed in the past 71 years, 
and the spatial variation of soil temperature was greatly affected by surface fac-
tors. In addition, the fluctuation of these four-fold lines is roughly similar, indi-
cating that the fluctuation trends of the temperature spatial CV of these four soil 
layers were basically similar from 1948 to 2018. 
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Figure 2. Time variation of spatial distribution of soil temperature CV. 

 
The fluctuation of spatial CV of soil temperature in each layer can be divided 

into two stages. In the first stage, from 1948 to 1999, the spatial CV of each layer 
fluctuated in a small range from 35.5 to 38. Moreover, the temperature CV value 
of the four soil layers fluctuated slightly, indicating that the soil temperature in 
China was relatively uniform. The second stage is that the spatial CV of soil 
temperature in each layer fluctuates in a wide range in 2000 and later. In 2000, 
the spatial CV of the soil layer in the research area plummeted to a very low 
point which was close to 34. There was a small increase over the next two or 
three years, but the overall CV value remained below 35. Roughly from 2003, the 
spatial CV returned to its previous level, but in 2008, the spatial CV had bal-
looned to a higher level than before. From 2008 to 2018, the spatial CV was 
again in a state of small fluctuation between the highest value of 40 and the low-
est value of 38. The CV values were higher than before, and the fluctuation range 
was also greater than before. This shows that in China the spatial variation of 0 - 
200 cm layer soil temperature reached the lowest in 2000 indicating that the soil 
temperature in the research area was well-distributed in this year. It became 
more nonuniform after 2000, and before 2008 the regional variation was still less 
than the first stage. But after 2008 the variation increased markedly, and became 
greater than the first stage which indicates that compared with before there was 
abnormal temperature rising or falling in some areas, and confirms that soil 
temperature in China became more nonuniform after 2008. 

3.3. Spatial-Variation of Soil Temperature in Time Series 

By calculating the CV of soil temperature of each pixel in time series of the four 
soil layers in 71 years from 1948 to 2018, the spatial distribution map of the time 
series CV is obtained, as shown in Figure 3.  

As is shown in Figure 3, the CV values of soil temperature of four layers in 
time series from 1948 to 2018 had performances with decreasing firstly and then 
gradually increasing trend from northwest to southeast, indicating that the 0 - 
200 cm soil temperature in southeast China had fluctuated greatly in 71 years.  
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Figure 3. Spatial variation of soil temperature CV in time series. The colorbar values 
means the CV values, the greater the value, the greater the variation of soil temperature. 
The figure is produced using the map with review number GS (2019) 1823 by Ministry of 
natural resources of China. 
 
Moreover, the fluctuation in the southeast and northwest was greater than that 
of the southwest and northeast. The greater the fluctuation was, the more unsta-
ble the soil temperature in these areas was, spatially the 0 - 10 cm soil layer. In 
the 0 - 10 cm soil layer, the CV values of soil temperature in the surrounding ar-
eas of the Tarim basin, part of the Tianshan and Junggar basins, the Yun-
nan-Guizhou plateau, the north China plain, the middle-lower Yangtze plain, 
the Wuyi mountains and its surrounding areas, and Hainan island were larger 
than 95, and were higher than other areas. This phenomenon indicates that the 
soil temperature in these areas fluctuated greatly during the 71-years. And espe-
cially in most areas of Xinjiang, the north China plain and the middle and lower 
Yangtze plain, the soil temperature variation was the most unstable in the 0 - 200 
cm soil layer. While other areas had smaller CV values, such as the Qing-
hai-Tibet plateau, the Inner Mongolia plateau, the Loess plateau, the Northeast 
plain, the Greater Hinggan mountains, and a small part of the western Qing-
hai-Tibet plateau, which indicates in these areas the soil temperature fluctuated 
larger in the 71 years from 1948 to 2018. 

With the soil deeper, the CV of soil temperature in time series fluctuated less, 
especially in northeast China, the north and south Tianshan mountains, and 
central Inner Mongolia plateau. More specifically, in northeast China, the CV 
value was close to 110 in the 0 - 10 cm soil layer, while it decreased close to 90 in 
the 100 - 200 cm soil layer, which indicates that in these areas, with the increase 
of soil depth, the CV of soil temperature in time series became smaller and the 
variation of soil temperature became more uniform. In other areas, the CV of 
soil temperature in time series did not change significantly with the increase of 
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soil depth, indicating that the variation of soil temperature in time series in these 
areas was not significantly affected by depth, and the soil temperature in these 
regions was relatively uniform. 

3.4. Analysis of Future Trend of Soil Temperature 

According to the soil temperature from 1948 to 2018, the Hurst index of each 
pixel was calculated and the Hurst index distribution map was drawn, as shown 
in Figure 4.  

As can be seen from Figure 4: 
1) The Hurst index value distribution map of the four layers of soil 0 - 200 cm 

is mostly similar, and the Hurst index values of the most pixels in the research 
area are less than 0.5, which reveals that the trend of soil temperature in most 
parts of China in the future is contrary to the trend from 1948 to 2018, especially 
in the eastern part of the Northeast plain, the north China plain, the central and 
eastern Inner Mongolia plateau, the Loess plateau, the Yunnan-Guizhou plateau, 
the Himalayas, and the middle-lower Yangtze plain. In these areas, the an-
ti-persistence is particularly stronger in the middle-lower Yangtze plain, and the 
northern border between the Sichuan basin and the Qinghai-Tibet plateau. To 
be more specific, the trend in most parts of central China will reverse the trend 
from 1948 to 2018, that is to say, the soil temperature in northern central China 
increased before but would decrease in the future; while the temperature in 
southern central China decreased before but will increase in the future. And in 
the central and north areas of the northeast China plain, the north Greater  
 

 
Figure 4. Distribution of Hurst values H over the years from 1948 to 2018. The black 
curve in the figure is the dividing line of 0.50. When 0 < H < 0.5, the sequence has 
anti-persistence. When H = 0.5, it is a random sequence. When 0.5 < H < 1, the future 
trend is consistent with the past trend. The figure is produced using the map with review 
number GS (2019) 1823 by Ministry of natural resources of China.  
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Hinggan mountains, the Junggar basin, Tianshan, Tarim basin, Jiangnan hilly, 
the south Hainan island and Tanwan island, the Hurst index is greater than 0.5, 
illustrating that the soil temperature in these areas in the future will continue to 
maintain the existing trend, namely the soil temperature in the northeast and 
northwest China will continue to increase, whereas in southern China it will 
continue to decrease. Moreover, in the 0 - 40 cm soil layer, Hurst index value 
exceeds 0.7 in Xinjiang, proving that the future change direction of soil temper-
ature in this part is more consistent with the past. 

2) With the increase of soil depth in areas of China, the future trend of soil 
temperature varies. In some areas, such as northwestern China and the north 
China plain, the temperature trend at the bottom of the soil is more obvious 
than at the surface. However, in other areas, such as the eastern Qinghai-Tibet 
plateau and the coastal areas in southern China, the future sustainability is 
stronger with soil deeper. 

4. Conclusions and Discussions 

Through the above analysis, the following conclusions can be drawn: 
1) On the whole, the south and north of China have very different trends in 

the past 71 years. The soil temperature in most areas of northern China had an 
increasing trend, especially in the northeast China, the central and northern In-
ner Mongolia, the southwest of Tarim Basin, the Western Tianshan Mountains, 
the northern Junggar Basin and Taiwan Island. The soil temperature in most of 
the south China had a decreasing trend, especially in the east and west of Tibet 
Plateau, and Yunnan-Guizhou Plateau. The temperature trends of the four soil 
layers had little difference, and it remained stable on the whole in the past 71 
years. 

2) From the perspective of time-variation of annual spatial variation of soil 
temperature, the spatial CV of soil layers in the research area changed basically 
the same with time. From 1948 to 1999, the spatial CV of each layer was in a 
state of fluctuation with a small range. In 2000, the spatial CV suddenly de-
creased to a very low point, and then in 2003, the spatial variation coefficient 
returned to the previous level, but after 2008, the spatial CV began to increase to 
a higher level. This shows that the regional difference of soil temperature in 
China remained stable before 1999, and decreased suddenly in 2000. After 2008, 
the regional difference increased. Compared with the previous period, the tem-
perature in some areas increased or decreased abnormally. 

3) From the perspective of spatial-variation of soil temperature in time series, 
the spatial variation of soil temperature in the 71 years in the research area was 
relatively obvious, and the spatial variation of each soil layer was basically de-
creasing from the southeast coast to the northwest, and then increasing to Xin-
jiang. This shows that the soil temperature in eastern, southeast China and Xin-
jiang had a relatively significant variation in the 71 years. The spatial variation of 
each soil layer was also inconsistent. From 0 - 10 cm soil surface to 100 - 200 cm 

https://doi.org/10.4236/jep.2020.118034


M. Y. Zang et al. 
 

 
DOI: 10.4236/jep.2020.118034 582 Journal of Environmental Protection 
 

soil bottom, the spatial difference of temperature gradually decreased, which was 
due to the fact that the soil temperature was more affected by the surface at-
mospheric temperature. 

4) From the perspective of future trend prediction of soil temperature, the 
Hurst value in the north, northwest and southernmost areas of China is greater 
than 0.5, indicating that the trend of soil temperature in these areas will continue 
to the existing trend, that is, the soil temperature in the north and northwest of 
China will continue to grow, and in the southernmost will continue to decrease. 
The trend of most areas in the central China will be the opposite of the trend 
from 1948 to 2018. That is to say, the soil temperature in the north of central 
China originally increased, and it will become a decreasing trend in the future, 
while the temperature in the south of central China originally decreased, and it 
will become an increasing trend in the future. The difference of each soil layers is 
not big, but the opposite trend of the soil surface layer is more obvious than the 
bottom of 100 - 200 cm. 

On the basis of the conclusions, we have a clearer understanding of the spatial 
variation of the soil temperature and find some previously unknown characteris-
tics. Compared with previous researches, our research is unique in that: 

1) We not only studied the trend of soil temperature in China in the past long 
time series has been studied, we also studied the spatial variation of this trend.  

2) We studied the time-variation of annual spatial variation of soil tempera-
ture in China, and spatial-variation of soil temperature in a long time series. 

3) We explored the possible future trend of soil temperature in China. 
Although the applicability of the research data and related research methods 

in China or its related fields has been proved, the accuracy of the conclusions 
still needs to be further verified. In addition, it is necessary to continue to ana-
lyze not only the spatiotemporal variation of other factors related to soil temper-
ature but also the relationship between these factors to explore the driving fac-
tors of these spatiotemporal variations. These are all the directions of our next 
work. 
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