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Response of drought index to land 
use types in the Loess Plateau 
of Shaanxi, China
Weixuan Wang1, Chenfeng Cui1,2*, Weihua Yu1,2 & Liang Lu1

Drought is influenced by numerous factors, and traditional studies have only considered 
meteorological factors, but human activities are also an important influencing factor. From 1980 
to 2010, the reform and opening up and the project of returning farmland to forest have largely 
changed the land use type of Loess Plateau in Shaanxi. In order to study the influence of land use 
types on drought in the study area, 8 stations with different land use types were selected based on 
remote sensing data and meteorological data. Based on univariate linear regression, the response 
of the drought index SPI to land use types was analyzed sequentially in each of the five time stages. 
The results showed that from 1980 to 2000, forest had the greatest drought intensity, followed by 
arable land and town and country. However, the response of arable land to the drought index was the 
greatest, followed by town and country. Forest had the weakest response to the drought index. From 
2000 to 2010, the greatest degree of drought was observed in forest, followed by town and country 
and arable land. And forest has the strongest response to the drought index, followed by town and 
country, and finally, arable land. The area of forest, grass and town and country keeps increasing. 
The area of arable land is decreasing year by year. Land use types are constantly undergoing complex 
transformations. The drought index responds strongly to the change of both arable land to grass and 
arable land to town and country, while it responds weakly to the mutual transformation of both grass 
and town and country. In the areas where meteorological conditions are difficult to change, the local 
drought is considered to be improved by changing the substrate type.

Drought is a kind of natural disaster which is common and widespread, with high frequency, long time span, 
wide impact and profound influence on agriculture and economy. In China, drought losses account for more 
than 15% of natural disasters. The area of drought is as high as 57% of the total area affected by natural disasters. 
The frequency of droughts accounts for about 1/3 of the total frequency of  disasters1. Drought affects four major 
geographical aspects: meteorology, hydrology, agriculture, and social economy. The classification methods have 
reached a  consensus2. Since long-term meteorological drought will form soil and hydrological drought, and 
long-term soil and hydrological drought will lead to agricultural drought, meteorological drought indicators are 
particularly important for drought  monitoring3. Therefore, the study of meteorological drought has extremely 
important practical significance.

In meteorological drought, the drought index is an important indicator based on meteorological and hydro-
logical variables that can reflect different aspects of drought. As the most commonly used meteorological drought 
monitoring index, the standardized rainfall index has a good  performance4. SPI can better reflect the intensity 
and duration of drought, is more sensitive to drought changes, and at the same time the characteristics of multi-
time scale application can serve for drought monitoring at different time  scales5. Sun et al. used SPI to study 
the drought characteristics in the Loess Plateau region of Shaanxi and found that SPI has good applicability in 
 Shaanxi6. Therefore SPI was selected as a monitoring indicator in this study. However, drought is influenced by 
numerous factors. Climate change, human activities, and surface water system characteristics are the three main 
influencing factors that affect drought, and these three factors work together to influence the spatial and temporal 
distribution patterns of drought, which in turn affects drought  evolution7–9. Water regime characteristics reflect 
the subsurface factors which affect the evolution of drought and influence the lag and attenuation characteristics 
of drought  propagation10. Climate change acts directly on the spatial and temporal patterns of drought by alter-
ing the spatial and temporal distribution of meteorological elements such as precipitation and  temperature11. 
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Human activities, such as land use and reservoir construction, can change drought evolution characteristics and 
processes, and land use change is one of the main influencing factors of drought  evolution12. Human activities 
change the subsurface factors which act on the spatial pattern of drought by changing land use patterns, which 
in turn have a significant impact on  drought13.

From 1980 to 2010, the land use type of Loess Plateau in Shaanxi has changed a lot due to the reform and 
opening up and the project of returning farmland to forest. China began to carry out the major measures of 
reform and opening up in the late 1970s. The level of industrialization has been raised by big percentages, 
urbanization has sped up, and the categories of land use have changed significantly. At the same time, it also 
has a certain impact on climate change, with intensified climate warming and frequent occurrence of extreme 
climates. Since the late 1990s, drought disasters have become increasingly frequent and severe throughout China 
due to the effects of increased global warming and the continued weakening of the East Asian summer winds, 
especially in parts of northern China, with interannual major droughts in 1995, 1997, and 2000 in the eastern 
part of the northwestern region and in northern  China14,15. The Loess Plateau is located in the eastern part of the 
northwest region of China, with severe soil erosion and frequent droughts, which have a great impact on local 
socio-economic and water resources  management16. To change this situation, in the late 1990s, the project of 
returning farmland to the forest was first carried out in Shaanxi, Sichuan and Gansu provinces. Since then, the 
type of land use in Shaanxi has changed considerably. From 1999 to 2008, China has finished 403 million mu 
(a Chinese unit of area, it is equal to 1/15 of a hectare or 1/6 an acre) of farmland to forest totally, of which 139 
million mu of arable lands were turned into forests, 237 million mu of unused areas were turned into forests, 
and 27 million mu of mountains were closed for being turned into  forests17.

Many scholars have conducted studies related to drought in northwest China, but such studies only focus 
on the effects of meteorological factors such as precipitation and temperature on drought. Kong et al. used the 
precipitation and soil moisture data to calculate SPI (standardized precipitation index) and SSMI (standardized 
soil moisture index), and used the run-length theory to identify drought characteristic variables, and studied the 
drought changes in Yulin  City18. Wang et al. calculated SPI and SPEI of different scales to analyze characteristics of 
drought variation with time and space on the Loess Plateau in the past 57 years, and used cross wavelet transform 
to discuss the correlation analysis between drought index and atmospheric  circulation19. Liu et al. established 
aridity index AI and concluded that precipitation and actual water vapor pressure are the main climatic factors 
affecting AI changes in Gansu, Ningxia, Qinghai, and Shaanxi, and the main climatic factors affecting AI changes 
in Xinjiang are potential evapotranspiration, solar Radiation and mean air  temperature20. Droughts are not just 
caused by climate change. Different from the above research views, this paper studies its impact on drought from 
the perspective of land-use types.

In summary, among the factors affecting drought, the indirect role of human activities on drought cannot 
be ignored. From 1980 to 2010, human activities such as reform and opening up and the project of returning 
farmland to forest have changed the land use type of the Loess Plateau in Shaanxi. To study the effects of land 
use type changes on drought in the study area, the following experiments were conducted in this paper based 
on the method of univariate linear regression. Firstly, based on the meteorological and land use data of the 
study area from 1980 to 2010, eight stations with different land use types were selected. Then the drought index 
SPI was calculated for the eight stations, and the response of SPI index to different land use types was analyzed. 
Considering the large time span, this performance was clearly described according to the phases 1980–1990, 
1990–1995, 1995–2000, 2000–2005, and 2005–2010 based on the obtained remote sensing data, so as to visualize 
the changes of drought in more detail with six phases.

Materials and methods
Study area. Shaanxi Loess Plateau is situated at 33° 41′ 35′′ north latitude and 106° 19′ 14′′ east longi-
tude, including Yulin, Yan’an, Tongchuan, Xianyang, Xi’an, Weinan, Yangling and parts of Baoji City. Its area of 
about 130,000 square kilometers. Northern Shaanxi is situated in the center of the Loess Plateau. The height is 
900–1600 m above sea level. The height of the terrain decreases from northwest to southeast. It has the semi-arid 
temperate continental monsoon climate zone. It is dry and rainy, extremely lack of water resources, and the tem-
poral distribution of temperature and precipitation is different greatly. The annual average precipitation is about 
300 mm, and the uneven spatial distribution is opposite to terrain. The Guanzhong part belongs to the southern 
part of the Loess Plateau and is located in the Weihe Plain, with an altitude of 325–900 m. The annual average 
temperature is above 12 °C, and the annual average precipitation is 600–700 mm. The geographical location of 
the study area is shown in Fig. 1.

Data. In this study, the data used include Digital Elevation Model (DEM) data, land use data and meteoro-
logical data. The DEM and land use type data of the study area were obtained under the crop of ArcGIS. The 
meteorological data were collated by Matlab fitting.

The DEM data are from the Resource and Environmental Science and Data Center of the Chinese Academy 
of Sciences (https:// www. resdc. cn/). The spatial distribution data of China’s altitude (DEM) in this website comes 
from the radar topography mapping SRTM (Shuttle Radar Topography Mission, SRTM) data of the US space 
shuttle Endeavour. SRTM data has the advantages of strong realism and free access. Many applied studies around 
the world use SRTM data to carry out the environmental analysis. The data set is 90 m provincial data generated 
by sorting and splicing based on the latest SRTM V4.1 data.

The land use data comes from the Resource and Environmental Science and Data Center of the Chinese 
Academy of Sciences (https:// www. resdc. cn/). The years 1980, 1990, 1995, 2000, 2005 and 2010 with a resolu-
tion of 1 km of land use data are used in this paper. After reclassification, there are 6 categories of land use of 

https://www.resdc.cn/
https://www.resdc.cn/
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forest, arable land, unused area, grass, water area, and town and country. The categories of land use each year 
are shown in Fig. 2.

The basic meteorological data is from the China Meteorological Data Network (http:// data. cma. cn/). The 
daily data of the average temperature and precipitation of 8 meteorological stations in the Loess Plateau region 
of Shaanxi from 1980 to 2010 were obtained. These data are carefully filtered to get rid of unusual data, and 
next the cubic spline interpolation method is used to interpolate the individual missing measurement values. 
The geographic locations of meteorological stations and the types of land use in each year are shown in Table 1.

Methodology. Standardized precipitation index. The standardized precipitation index (SPI) was put for-
ward by McKee et al. in  199321. It is a common analytical method in precipitation analysis and drought moni-
toring, and has been extensive applied in meteorological drought  monitoring22,23. The following are the specific 
calculation steps.

The probability density function of the Ŵ-distribution of the monthly precipitation x:

β > 0, ϒ > 0 are scale and form parameters, respectively, β and ϒ can be obtained by the maximum likeli-
hood estimation method:

For the precipitation x0 in a certain year, the probability that the random variable x is less than the event x0 
can be calculated as:

Using numerical integration, an estimate of event probability can be calculated by substituting (1) into (6).
The above formula does not take the case into account where the precipitation is 0. In reality, the situation 

where the precipitation is 0 still exists. The probability of an event with zero precipitation is estimated by:

where m is the number of samples with 0 precipitation, and n is the total number of samples.
Normalize the probability of Ŵ distribution and solve for the SPI value:
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Figure 1.  Location of the study area (Arcmap10.8 https:// www. resdc. cn/).
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Figure 2.  Land use of study area in 1980 (a), 1990 (b), 1995 (c), 2000 (d), 2005 (e), 2010 (f) (Arcmap10.8 
https:// www. resdc. cn/).

Table 1.  Information of stations.

Station number Name Latitude Longitude Height 1980 1990 1995 2000 2005 2010

53725 Dingbian 37.58 107.58 1361.3 Arable land Arable land Arable land Arable land Town and 
country

Town and 
country

53754 Suide 37.5 110.22 928.5 Forest Forest Forest Forest Forest Forest

53845 Yanan 36.6 109.5 958.8 Forest Forest Forest Forest Forest Forest

53948 Pucheng 34.95 109.58 499.9 Arable land Arable land Grass Town and 
country

Town and 
country

Town and 
country

53955 Hancheng 35.47 110.45 458.8 Arable land Arable land Arable land Arable land Arable land Town and 
country

57025 Fengxiang 34.52 107.38 781.1 Town and 
country

Town and 
country Grass Town and 

country
Town and 
country

Town and 
country

https://www.resdc.cn/
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t =
√

ln 1
P2

 , when P > 0.5, P = 1.0 − P, S = 1; when P ≤ 0.5, S =  − 1, c0 = 2.515517, c1 = 0.802853, c2 = 0.012328, 
d1 = 1.432788, d2 = 0.189269, d3 = 0.001308.

Univariate linear regression. Linear regression is mainly used to describe the linear relationship between the 
dependent variable y and the independent variable x. The univariate linear regression method is to analyze 
the relationship between several data point sets  (xi,  yi) (i = 1, 2,…, n), and draw up a linear regression equation 
between variables x and y. Its basic formula is:

Land use type transfer matrix. The land use transfer matrix can reflect the change of the land use structure in 
all aspects and show how the land use  changes24. It originates from the quantitative description of system state 
and state transition in system analysis, and represents the procedure of system transition from time S to time 
S + 1 in a certain period. It can effectively reflect the temporal and spatial evolution of land use  patterns25, and 
its formula is:

In the formula:  Sij is the land-use status at the beginning and end of the period; n is the number of land-use 
types.

At present, the vector in the commonly used land-use state transition matrix can be the area of land use type, 
or the probability of transition from original land-use type to the final land-use type, which is called the Markov 
transition probability  matrix26. In this study, the area of each land use type was counted using ArcGIS, and then 
the transfer analysis of land use types in the study area was performed.

Results and analysis
From 1980 to 1990. From the land use type transfer matrix (Table 2), a complex interconversion of land 
use types occurred in the study area. The area of arable land, water area, and unused land decreased by 0.02%, 
3.54%, and 1.89%, respectively. Areas of forest, grass and town and country increased by 0.13%, 0.17% and 3.56% 
respectively. The water area decreased the most, mainly transferred to arable land, while the town and country 
increased the most at this time, and the main source of transfer was arable land. This is due to the fact that 
China’s economy began to develop at this time and urbanization began to accelerate.

From 1980 to 1990, the land use types of the eight study stations did not change, the SPI values increased, and 
the intensity of drought decreased (Fig. 3). Taking the SPI for each use type of site as the mean value, the SPI value 
in 1980 was − 0.42773 for forest, − 0.48812 for arable land, and − 0.47317 for town and country. In 1990, the SPI of 
the forest is − 0.30283, the SPI value of arable land is − 0.31011, and the SPI value of town and country is − 0.35354. 
By observing the change of SPI of each land-use type, the SPI of arable land has the largest change with a rate of 
change of 0.00902  year−1, while the forest type has the smallest change with a rate of change of 0.005051  year−1. 
In this stage, arable land has the greatest impact on drought because crops are affected by climatic conditions. 
Although the forest has the least impact on drought, overall, the drought intensity of forest land is relatively high.

From 1990 to 1995. From 1990 to 1995, according to the land use type transition matrix (Table 3), only 
the unused land type decreased by 19.87%, mainly to grass, followed by arable land. The areas of arable land, 
forest, grass, water area and town and country all increased by 0.27%, 0.60%, 1.64%, 0.39% and 6.29% respec-
tively. The largest increase is in town and country, and the main source of transfer of it is arable land. Similar to 
the situation in the 1980s, China’s urbanization was rapid and unused land was developed to provide for China’s 
industrialization.

(8)SPI = S
t − (c2t + c1)t + c0

((d3t + d2)t + d1)t + 1
,

(9)yi = Axi + B(i = 1, 2, . . . , n).

(10)sij =
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Table 2.  Transfer matrix of land use types in the study area from 1980 to 1990  (km2).

1980

1990

Grass Town and country Arable land Forest Water area Unused area

Grass 42,201.22051 2.557753 2708.469982 411.397571 35.814914 262.164944

Town and country 3.513511 1778.674357 516.939021 1.105836 0.376887

Arable land 2360.700571 153.468322 50,263.53377 189.814082 50.716512 95.135768

Forest 441.991315 4.801844 282.502519 19,671.1085 2.092333 11.382358

Water area 74.129365 0.061531 142.959443 8.376883 1363.987946 7.21326

Unused area 186.94696 4.715451 110.9011 15.545843 9.464633 5749.66462
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From1990 to 1995, the SPI values all showed a downward trend, and the drought intensity increased (Fig. 4). 
In 1990, the SPI value of forest was the largest, which was − 0.30283, and the SPI value of town and country 
was the smallest, which was − 0.35354. In 1995, the SPI value of grass was the largest, which was − 0.53743, and 
the SPI value of forest was the smallest, which was − 0.58723. In Pucheng and Fengxiang, changes in land use 
types occurred during this period. Pucheng changed from arable land to grass, and Fengxiang changed from 
town and country to grass. The change rate of SPI in Pucheng was − 0.0367  year−1, and the change rate of SPI in 
Fengxiang was − 0.0187  year−1, indicating that the change from town and country to grass had less impact on 
SPI. The change in the substrate from town and countryside to grass has led to an increase in vegetation and 
a reduction in the urban heat island effect. Compared with other stations with unchanged land use types, the 
changes in SPI values are all larger than those with changes in land use. Among them, the forest land type station 
has the smallest SPI value change rate, which is − 0.0402  year−1. Similar to the previous stage, the response of the 
drought index to the arable land is greater than that of the forest. The drought intensity of the forest land is still 
the largest, followed by the arable land, and finally the town and country. At this time, the disturbance of arable 
land by human activities is less than that of town and country.

From 1995 to 2000. From 1995 to 2000, according to the land use type transition matrix (Table 4), arable 
land, grass and water area all decreased by 0.05%, 0.37% and 3.53% respectively. Forest land, town and country 
and unused land increased by 0.41%, 6.16% and 0.13% respectively. The largest reduction was in water area, and 
its main transfer out types were arable land and grass. Influenced by the rapid development of economic con-
struction and urbanization, the area of town and country has increased relatively quickly, and the main types of 
transfer are arable land and grassland.

Figure 3.  SPI changes at each site from 1980 to 1990.

Table 3.  Transfer matrix of land use types in the study area from 1990 to 1995  (km2).

1990

1995

Grass Town and country Arable land Forest Water area Unused area

Grass 44,185.77516 6.635969 656.486777 231.971975 53.569883 133.6654

Town and country 16.711513 1811.509578 111.51209 2.780686 1.796169

Arable land 384.005471 256.80545 53,126.6207 134.428586 68.879502 49.567196

Forest 233.240712 10.88188 85.898481 19,967.26462 5.636921 13.107064

Water area 39.578843 0.589351 86.454135 3.107755 1321.739618 3.619636

Unused area 1247.218077 2 140.818456 64.488865 13.785722 4653.807856

Figure 4.  SPI changes at each site from 1990 to 1995.
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During the period, according to Fig. 5, the SPI showed a roughly increasing trend. In 1997, a severe drought 
occurred, and the SPI decreased. In 1995, the SPI value of grass was the largest, which was − 0.53743, and the 
SPI value of forest was the smallest, which was − 0.58723. In 2000, the SPI value of forest was still the smallest, 
which was − 0.50254. The SPI value of town and country is the largest at − 0.41615. Comparing the change speed 
of each land-use type, the forest has the smallest change rate, which is 0.0043  year−1. The change rate of arable 
land is the largest, which is 0.01234  year−1. During this period, both Pucheng and Fengxiang were urbanized, 
and the grass areas were converted into town and country areas. The average rate of change for the two sites 
was 0.01028  year−1, which is a small rate of change. The impact of the land use type shift on the arid climate is 
mitigated by the extensive greening of the city and the lesser degree of grassland development. This stage is still 
the same as the previous stage, the drought intensity of forest is the largest, but the impact on drought is the 
least. Arable land has a greater impact on drought, but the intensity of drought is bigger than that of forest and 
greater than that of town and country.

From 2000 to 2005. From 2000 to 2005, according to Table 5, arable land and unused land decreased by 
2.58% and 0.75% respectively. Areas of forest, grass, water area and town and country all increased by 4.94%, 
0.09%, 4.46% and 10.30% respectively. In the late 1990s, the project of returning farmland to the forest was 
implemented in Shaanxi, and the reduction rate of arable land was greatly increased, and the main types of con-
version were forest and grass. At the same time, the area of forest and grass has also greatly increased due to the 
beginning of the project of returning farmland to the forest. According to Table 5, the main transfer type is also 
arable land. At the same time, in the early twenty-first century, China’s society developed rapidly, the urbaniza-
tion process accelerated, and the main type of transfer was arable land.

Table 4.  Transfer matrix of land use types in the study area from 1995 to 2000  (km2).

1995

2000

Grass Town and country Arable land Forest Water area Unused area

Grass 45,689.25741 22.925261 246.151783 78.586824 20.021979 59.611618

Town and country 0.185498 2067.675398 19.934811 0.549288 0.077234

Arable land 154.05456 130.274158 53,800.00563 41.393344 34.722952 42.206942

Forest 18.433184 4.009388 54.016233 20,351.89242 2.030777 0.707807

Water area 36.094969 1.765388 58.585737 2.027309 1360.916083 1.25

Unused area 52.760802 16.482095 20.660092 0.640381 4761.904691

Figure 5.  SPI changes at each site from 1995 to 2000.

Table 5.  Transfer matrix of land use types in the study area from 2000 to 2005  (km2).

2000

2005

Grass Town and country Arable land Forest Water area Unused area

Grass 45,097.39842 20.897168 300.612855 468.292252 18.546955 45.762937

Town and country 2.780769 2199.288821 23.089699 0.421173 1.038354 0.030777

Arable land 814.322533 229.183372 52,447.5511 610.294628 90.507136 4.855583

Forest 46.1498 16.170546 19.39619 20,421.30682 4.120245 12.26055

Water area 3.092748 4.482719 41.735879 1.072158 1364.962338

Unused area 57.078922 4.030781 25.908805 9.342373 3 4767.258816
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During the period, the SPI value first increased, and then began to decrease after reaching a peak in 2003 
(Fig. 6). Forest had the smallest SPI value in 2000 at − 0.50254. The SPI value of town and country is the largest 
at − 0.41615. In 2005, the SPI value of forest land is still the smallest at − 0.56044. The SPI value of arable land 
is the largest, which is − 0.46885. During this period, the land use type in Dingbian changed, and there was a 
change from arable land to town and country. The change of land use type has a greater impact on SPI, which 
is − 0.01343  year−1. For other stations with the same land use type, the rate of change of SPI is smaller than that 
of Dingbian. The minimum rate of change for the arable land was − 0.0035  year−1. The rate of change was great-
est in the forest at − 0.01137  year−1. From this stage, the response relationship of the drought index to land use 
has changed. The drought intensity of forest is still the largest, but the drought intensity of town and country is 
greater than that of arable land. The response of forest land to drought becomes the largest, followed by town 
and country and finally arable land. The reason may be that the disturbance intensity of arable land has been 
greatly increased by human activities.

From 2005 to 2010. From 2005 to 2010, according to Table 6, the area of arable land, water area and unused 
land decreased by 0.33%, 2.29% and 1.87% respectively. With the deepening of the returning farmland to forest, 
the area of forest land, grassland and town continued to increase, increasing by 0.98%, 0.01% and 2.73% respec-
tively. The largest reduction was in water lands. The main type of transfer out of water lands is arable land, while 
the type of transfer out of unused land is grass. The increase in town and country remains at a high rate, with the 
main type of conversion being arable land. Arable land occupies a large proportion of the complex conversion 
of land use types.

During the period, the change of SPI generally showed a stable trend with little change (Fig. 7). Forest land 
had the smallest SPI value in 2005 at − 0.56044. The SPI value of arable land is the largest, which is − 0.46885. In 
2010, the SPI value of forest land is still the smallest, which is − 0.51991. The SPI value of arable land is the largest 
at − 0.41049, followed by town and country, with an SPI value of − 0.46269. During this stage, the land use type 
of Hancheng changed from arable land to town and country. In the case of changes in land use types, compared 
with other sites with no changes in land use types, Hancheng has a larger change rate of − 0.0048, and is the only 
site with a decreasing SPI value. The change rate of arable land is the smallest, which is 0.002225. The forest land 
had the largest rate of change, 0.00475. This stage is the same as the previous stage, the drought intensity of forest 
is still the largest, but the drought intensity of town and country is greater than that of arable land. Forest had 
the greatest response to drought, followed by town and country, and finally arable land.

Discussion
The change of land use type in each stage represents the difference of ecological environment in each stage, and 
the impact on meteorological drought is also  different26. From the aspect of different land-use types, the response 
relationship of drought index SPI to different land-use types is analyzed in this paper. Since the land use types 
of the stations in this study only involve three types of arable land, forest, and town and country, only the SPI 
values of these three types are sorted.

Figure 6.  SPI changes at each site from 2000 to 2005.

Table 6.  Transfer matrix of land use types in the study area from 2005 to 2010  (km2).

2005

2010

Grass Town and country Arable land Forest Water area Unused area

Grass 45,794.26641 9.700376 83.512163 112.528167 7.728545 9.087991

Town and country 0.18628 2464.295359 9.492134 0.053636 0.025998

Arable land 115.281667 68.294851 52,515.0542 103.44604 47.328995 7.923942

Forest 12.509451 5.038267 10.169067 21,478.49265 1 0.056775

Water area 14.867528 1.030777 63.374712 5.746214 1388.292803 1.671161

Unused area 91.860299 3 16.253978 1.257804 0.824754 4715.971828
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According to the above analysis, it can be seen that the outcomes of this study show that the law is divided 
into two stages which are the twentieth century and the twenty-first century. From the perspective of drought 
intensity, from 1980 to 2010, the drought intensity of forest has always been the largest. The vegetation of the 
forest is less disturbed by humans and is sensitive to climatic conditions. Under the local dry and rainy climate 
conditions, the drought intensity is relatively large, while the drought intensity of the arable land and town and 
country are relatively small. However, in the twentieth century, the intensity of aridity of arable land was greater 
than that of town and country. In the twenty-first century, it was less than that of town and country. This is 
because with the continuous advancement of farming technology, the disturbance of human activities, such as 
water-saving irrigation technology, has improved water use efficiency and alleviated the drought of arable  land27.

In the same period, the changing trend of SPI is roughly the same, but the change degree is different, indicat-
ing that different land uses have different degrees of adjustment to climate. The drought had the weakest response 
to the forest in the twentieth century and had the least impact on SPI. This is because forest species have deep 
root systems, and under severe drought conditions, they can use the water stored in the deep soil to alleviate 
changes in arid  climates28. However, due to the time lag effect of deep soil moisture changes with precipitation, 
the response of forest species to drought may be  delayed29. Therefore, after the twenty-first century, with the 
project of returning farmland to forest moving forward, the forest area has increased substantially, and the 
impact of forest land on drought has become the largest. During the twentieth century, drought had the greatest 
degree of response to arable land. Crops on arable land are restricted by natural conditions such as rainfall and 
temperature, so they have a strong response to drought. From 2000 to 2010, arable land had the least response 
to drought. Except for the natural climatic conditions, the possible reason is that the arable area is more affected 
by irrigation and artificial water diversion, so the SPI cannot fully reflect the degree of surface  aridity30. After 
the twenty-first century, the drought intensity of town and country is greater than that of arable land, and the 
degree of influence on the drought index is also greater than that of arable land. This is because with the in-depth 
development of urbanization, the urban heat island effect increases, and the intensity of drought also increases, 
which also has influence on the change of  drought31.

Land use is the result of the connective effect of nature and humanity. Climate change affects the growth of 
vegetation, and the mutual conversion of unused land, grass and forest land occurs. In addition, due to economic 
development, the type of land use has been transformed from arable land to town and country due to human 
 action32. Changes in several different land-use types also have large or small impacts on drought. Both arable 
land and town and country are disturbed by human activities, but the greening construction inside the city has 
been  improved33. The rate of change in the same period is compared. Therefore it can be seen that the transition 
from arable land to grass and the change from arable land to town and country have a greater impact on drought, 
while the transition from town to grass and grass to town has less impact on drought.

In summary, types of land use mainly affect the response relationship of drought to them through the degree 
of vegetation coverage and the disturbance of human activities. Therefore, while monitoring the local drought, we 
should not only attach importance to the local climate change, but also attach importance to the impact of human 
activities. In this study, different types of land use may cancel each other out and then affect the average value of 
the drought index. For example, arable land is converted into the grass, and some grasslands are reclaimed into 
arable land. The impact of land-use change on drought index needs to be further studied in depth and detail.

Conclusion

1. From 1980 to 2000, the drought intensity of various land-use types was: forest > arable land > town and coun-
try. From 2000 to 2010, the drought intensity of various land-use types was: forest > town and country > arable 
land.

2. The response degree of drought index to land use types is different. From 1980 to 2000, arable land had the 
greatest response to drought index, followed by town and country, and forest had the weakest response to 
drought index. In the twenty-first century, the forest has the strongest response to drought index, followed 
by town and country, and finally arable land.

3. The area of forest, grass and town and country is increasing continuously, while the area of arable land is 
decreasing year by year, and the types of land use are constantly undergoing complex changes. The drought 

Figure 7.  SPI changes at each site from 2005 to 2010.
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index has a strong response to the change of arable land to grass and arable land to town and country, but 
has a weak response to the mutual transformation of grass and town and country.

Data availability
The data that support the findings of this study are available from the Resource and Environmental Science and 
Data Center of the Chinese Academy of Sciences but restrictions apply to the availability of these data, which 
were used under license for the current study, and so are not publicly available. Data are however available from 
the authors upon reasonable request and with permission of the Resource and Environmental Science and Data 
Center of the Chinese Academy of Sciences.
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