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Abstract

Grasslands are a critical component of ecological environment construction in
western China, and their ecosystems are highly susceptible to degradation. In
recent years, drought disasters have occurred frequently in desert steppes. Tak-
ing the Desert Steppe Eco-hydrology National Field Scientific Observation and
Research Station at the northern foot of Yinshan Mountain in Inner Mongo-
lia as the experimental area, this study monitored precipitation variations at
different slope positions, analyzed the relationships and interactions between
meteorological factors and the drought index PA value, and constructed a re-
gression model. The results show: (1) Precipitation at different slope positions
in the desert steppe at the northern foot of Yinshan Mountain follows the or-
der: lower slope > middle slope > upper slope, with corresponding drought
index PA values: upper slope PA > middle slope PA > lower slope PA. (2)
Observations at various temporal scales reveal: monthly-scale analysis found
that drought phenomena of varying degrees occurred at all slope positions, with
high drought frequency; seasonal-scale analysis found that only slight drought
occurred in winter; annual-scale analysis found that the region did not reach
the drought threshold in the recent 5 years. This indicates that the region has
sufficient mean annual precipitation and has not experienced drought disasters.
(3) The multiple regression model constructed based on major meteorological
factors such as precipitation, temperature, wind speed, and the drought index
PA value is: YPA=78.799+40.255x1-3.395x2-1.831x3, with R2 of 0.994. The
model exhibits high goodness of fit and can effectively reflect the drought con-
ditions in this region. This provides a theoretical basis for further research on
the relationships between multiple meteorological factors and various drought
indicators, as well as for constructing drought assessment systems.
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Abstract

Grassland is a key component of ecological environment construction in western
China, and its ecosystem is extremely vulnerable to damage. In recent years,
drought disasters have occurred frequently in desert steppes. Taking the Yin-
shanbeilu National Field Research Station of Desert Steppe Eco-Hydrological
System in Inner Mongolia as the experimental area, this study monitored pre-
cipitation changes at different slope positions, analyzed the relationship and in-
teraction between meteorological factors and the drought index PA value, and
constructed a regression model. The results show that: (1) The precipitation
at different slope positions of the desert steppe at the northern foot of Yinshan
Mountain follows the pattern: downhill > middle slope > uphill, with corre-
sponding drought index PA values: uphill PA > middle slope PA > downhill
PA. (2) From observations at various temporal scales: monthly scale analysis
revealed different degrees of drought at each slope position with high drought
frequency; seasonal scale analysis found light drought only in winter; annual
scale analysis found that the region did not reach the drought threshold during
2015-2019. Overall, the average annual precipitation in this area is sufficient
and no drought disaster occurred. (3) The multiple regression model constructed
based on main meteorological factors such as precipitation, air temperature, and
humidity with the drought index PA value is: Y {PA} = 78.799 + 0.255x; -
3.395x, + 1.831x3, with R? = 0.994, indicating high model fit that can well
reflect the drought situation in the region. This provides a theoretical basis
for further research on the relationship between multiple meteorological factors
and various drought indicators, as well as for constructing drought evaluation
systems.

Keywords: precipitation; drought index; desert steppe; the northern foot of
Yinshan Mountain; multiple linear regression
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1 Study Area and Methods
1.1 Study Area Overview

The study area is located in Halawusu Gacha, Xilamuren Town, Damao Ban-
ner, Baotou City, Inner Mongolia, with geographical coordinates of 111°12 00 -
111°12 50 E, 41°20 40 -41°21 30 N, at an average elevation of 1600 m. It lies in
the transition zone from the Yinshan Mountains to the Inner Mongolia Plateau,
with flat terrain. The climate is a mid-temperate semi-arid continental monsoon
climate with strong cold and heat variations and large diurnal temperature dif-
ferences. The average annual precipitation is 284 mm, mainly concentrated in
June-September. The average annual evaporation is 2305 mm. The annual
average temperature is 2.5 °C, the average annual sunshine hours are 3100 h,
and the annual average wind speed is 4.5 m + s~1. Northerly and northwesterly
winds prevail in winter and spring, with 20-25 days of strong wind annually and
occasional dust storms.

The zonal soil in this area is chestnut soil with coarse texture and shallow soil
layers. The constructive species is Stipa krylovii, with dominant species includ-
ing Leymus chinensis, Artemisia frigida, and other plants such as Cleistogenes
squarrosa, Agropyron cristatum, etc.

1.2 Research Methods

1.2.1 Research Design The experiment was established at the Yinshanbeilu
National Field Research Station of Desert Steppe Eco-Hydrological System in
Inner Mongolia. The study area comprised three different slope positions: uphill,
middle slope, and downhill, classified according to elevation differences. Meteo-
rological monitoring instruments were installed at each selected slope position,
with three sets of instruments, each equipped with integrated meteorological
units for data collection. The meteorological units collected relevant data, mon-
itoring and recording meteorological data every half hour. This study collected
daily meteorological data from each slope position for the period 2015-2019,
including wind speed, wind direction, and precipitation. Combined with the
meteorological drought indicator Percentage of Precipitation Anomaly (PA), a
regression prediction model was constructed to analyze drought conditions and
test the reliability of the prediction model.

1.2.2 Data Analysis 1) Selection of Drought Indicators

The Percentage of Precipitation Anomaly (PA value) refers to the percentage of
the difference between precipitation in a certain period and the average precipi-
tation in the same period over many years, relative to the average precipitation.
It has clear meaning, simple calculation, and strong dependence on the aver-
age value. In this paper, the drought grades corresponding to PA values are
classified according to the Standard for Meteorological Drought Grades ).

2) Principal Component Analysis
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Principal component analysis is used to determine comprehensive indicators of
a phenomenon and provide reasonable interpretation to reveal intrinsic laws
more rigorously. Its principle is to linearly combine the original p indicators as
new comprehensive indicators for analysis. The principal component model is
expressed as:

Fy =a;xp + anXxy + -+ ax
Fy = a5X1y + agXgy + =+ asx

F =a;x); +ayXgg + -+ ax

where the coefficients are eigenvectors corresponding to eigenvalues of the covari-
ance matrix of x, and x variables are standardized values. However, in practical
application, this is only a process to achieve the goal, not the final result, and
needs to be combined with other statistical methods for comprehensive consid-
eration [].

3) Multiple Linear Regression Model

The mathematical model of multiple linear regression is expressed as:

y = Bo + Bixy + foxg + -+ Bx +

where the dependent variable y is a random observation value, j,, is the constant
term, and 8 (i =1, 2, -, p) are called partial regression coefficients, indicating
the average change in the dependent variable y caused solely by each unit change
in the independent variable x when other independent variables remain fixed.

Assuming the number of independent variables is p, expressed in vector form as
(X1, X9, ", X ), and the number of observations is n, the ith case (i = 1, 2, -,
n) has a set of observations (y , x 1, X 4, =, X ), and there exists the following
linear relationship between the dependent variable y and independent variables
X:

y =00+ Bix1+ Boxy + o+ fx +

where is the residual, the difference between the measured value y of the
dependent variable and its estimated value Y . The residual is not determined
by independent variables and follows a normal distribution, which is of great
significance for judging the fitting degree of the established PA value regression
model and the relationship among other meteorological factors [].

2 Results and Analysis
2.1 Comparison of Annual Precipitation at Different Slope Positions

The meteorological drought indicator Percentage of Precipitation Anomaly (PA
value) is mainly calculated based on precipitation at different temporal scales.
Therefore, we analyzed the annual precipitation at different slope positions in
the desert steppe at the northern foot of Yinshan Mountain to study its variation
patterns. [Figure 1: see original paper]
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The analysis shows that the precipitation variation trends at different slope
positions in the desert steppe at the northern foot of Yinshan Mountain were
generally similar during 2015-2019, with larger precipitation amounts in June-
September. In 2017, precipitation was lowest at all slope positions, while in 2018,
precipitation peaked at all slope positions. The average annual precipitation was
249.74 mm for the uphill position, 290.4 mm for the middle slope position, and
higher for the downhill position. Precipitation in the same area is significantly
affected by slope gradient, following the pattern: downhill > middle slope >
uphill.

2.2 Variation Patterns of PA Values at Different Slope Positions
Across Different Temporal Scales

At the monthly scale, analysis of PA value variation patterns for the uphill slope
(Figure 2) shows that drought thresholds were reached 23 times during 2015-
2019, accounting for a high frequency. Light drought occurred 5 times, moderate
drought 6 times, severe drought 3 times, and extreme drought 3 times, mainly
concentrated in June and September. [Figure 2: see original paper]

For the middle slope (Figure 3), drought thresholds were reached 23 times. Light
drought occurred 6 times, moderate drought 6 times, severe drought 3 times,
and extreme drought 3 times, mainly concentrated in June and September, with
peaks appearing in these months. [Figure 3: see original paper]

For the downhill slope (Figure 4), drought thresholds were reached 18 times.
Light drought occurred 3 times, moderate drought 5 times, severe drought 4
times, and extreme drought 1 time, mainly concentrated in June and September,
with peaks appearing in these months. [Figure 4: see original paper]

Overall, the monthly PA value variation patterns at different slope positions and
in different years were generally similar. The PA values varied significantly in
June-September each year, with high frequency of extreme drought during this
period. Since precipitation is concentrated in June-September, the PA values
during this period accurately reflect drought conditions. At the monthly scale,
drought severity from high to low is: uphill > middle slope > downhill.

2.3 Comparison of Drought Intensity at Different Slope Positions at
Seasonal and Annual Scales

From the annual seasonal scale PA value variation patterns (Figure 5), PA
values differ significantly among slope positions. The downhill PA values are
all positive, indicating precipitation exceeds the multi-year average and drought
severity is lowest. Middle slope PA values are greater than uphill values, but in
winter, middle slope PA values are much lower than uphill values and exceed
the drought threshold, indicating light drought. The uphill peak appears in
summer, while the middle slope peak appears in autumn. At the seasonal scale,
drought severity from high to low is: uphill > middle slope > downhill. Summer
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shows the lowest drought severity, while winter shows the highest. [Figure 5:
see original paper]

Figure 6 shows the average annual PA value variation patterns. The uphill
PA value fluctuates, the middle slope PA value shows a decreasing trend year
by year, and the downhill PA value increases year by year. The downhill PA
value is much higher than uphill and middle slope values. At the annual scale,
drought severity from high to low is: uphill > middle slope > downhill. Overall,
the average annual PA values at different slope positions in each year did not
reach the drought threshold, indicating that from the PA value analysis alone,
the desert steppe at the northern foot of Yinshan Mountain did not experience
drought during 2015-2019. [Figure 6: see original paper]

2.4 Construction of PA Value Model Combining Meteorological Fac-
tors

In addition to precipitation, meteorological factors affecting drought include
air temperature, wind speed, solar radiation, and others. Principal component
analysis was performed using the average values of measured meteorological data
from 2015-2019. The descriptive statistics of each factor are shown in Table 2.

The principal component analysis results are shown in Table 3. The cumula-
tive variance contribution rate of the extracted principal components reached
94.097%, indicating that these comprehensive indicators can fully reflect the
differences among the above meteorological factors.

The component loading matrix of meteorological factors is shown in Table 4. Pre-
cipitation, air temperature, and relative humidity account for high proportions
in the principal component analysis, indicating that these three meteorological
factors can reflect drought phenomena in desert steppe.

Table 5 shows the change in the decision coefficient of the PA value fitting model.
The adjusted R? and standard error of estimate-

Table 6 shows the variance analysis and test of the PA value fitting model. The
results show that the regression model constructed with PA values has high
fitting degree and practical significance for describing drought conditions in the
desert steppe at the northern foot of Yinshan Mountain.

In summary, with PA value as the dependent variable for drought monitoring
and precipitation (x;), air temperature (x,), and air humidity (x3) as indepen-
dent variables, the regression equation is:

Ypa = 78.799 + 0.255z, — 3.3951, + 1.831z,

The model shows high fitting degree and can effectively reflect drought condi-
tions in the region.
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3 Discussion

Precipitation analysis reveals significant variation in the desert steppe at the
northern foot of Yinshan Mountain during 2015-2019, mainly concentrated in
June-September. Precipitation follows the pattern downhill > middle slope
> uphill, particularly evident in summer and autumn when precipitation is
higher and more susceptible to other meteorological factors. Due to different
site conditions, water flows more easily to middle and downhill positions during
the rainy season, resulting in relatively less precipitation at uphill positions.
The average annual relative humidity decreased significantly, showing an overall
warming and drying trend, with warm-humid phenomena occurring only in a
few years, consistent with recent related research results.

Regarding drought indicators, drought causation is complex and affected by mul-
tiple factors, making it difficult to find a universally applicable drought index
[]. The same drought index produces different monitoring results for different
regions or different drought types, indicating that drought indices have signifi-
cant regional characteristics or temporal scale requirements. Precipitation is the
main influencing factor causing drought, while the Percentage of Precipitation
Anomaly (PA) is a single-factor discriminant indicator that only considers pre-
cipitation. It is less affected by temporal scale and is not significantly influenced
by low evaporation and temperature in winter, making it meaningful for anal-
ysis across different temporal scales. As basic research on the eco-hydrological
system of the desert steppe at the northern foot of Yinshan Mountain, PA value
calculation is simple, dependent variable data are easy to collect, batch process-
ing is fast, and calculation results are direct and accurate, facilitating related
research on desert steppe eco-hydrology.

Based on the above analysis, precipitation, air temperature, and relative hu-
midity data from the desert steppe were selected to establish a multiple linear
regression model with PA values for drought monitoring. Table 6 shows the rel-
evant indicators of the PA value fitting model. The coefficient of determination
R? is 0.994, indicating high regression contribution. The multiple correlation
coefficient R is 0.997. The ANOVA test results show that the meteorological
drought fitting model is highly significant (P < 0.001).

PA values were calculated for different slope positions in the desert steppe at the
northern foot of Yinshan Mountain from 2015-2019. The monthly PA values in
June-September fluctuated near the drought threshold. Since precipitation is
concentrated in June-September, PA values during this period are most accu-
rate. Comparative analysis across different temporal scales shows significant dif-
ferences in monthly PA values, with different degrees of drought occurring each
year. Precipitation is relatively low in June-September, with high frequency of
extreme drought. Seasonal scale PA value analysis shows light drought occurred
only in winter at the middle slope, while annual scale analysis shows the region
did not reach the drought threshold. Slope position comparison shows precipi-
tation pattern: downhill > middle slope > uphill, and drought severity pattern:
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uphill > middle slope > downhill across all temporal scales. Considering only
the single factor of precipitation, analysis of PA value variation patterns at dif-
ferent slope positions and annual scales shows that the region did not experience
drought during 2015-2019, with sufficient annual precipitation.

Regarding model prediction, principal component analysis of meteorological
data from the desert steppe at the northern foot of Yinshan Mountain iden-
tified precipitation, air temperature, and relative humidity as factors affecting
regional meteorological drought, with a cumulative contribution rate of 94.097%.
A multiple regression model was constructed combining these main meteorologi-
cal factors with the drought index PA value. The modeling process used original
monitoring data, with precipitation in different periods weighted against previ-
ous stage data, improving prediction accuracy. The coefficient of determination
R? is 0.994, indicating high model fit. However, the PA value prediction model
is mainly affected by seasonal variation, with larger PA value fluctuations in win-
ter and spring and fewer valid data, resulting in relatively larger errors in the
modeling process. Therefore, further research on meteorological drought index
prediction analysis is needed using different indicators and analytical methods.

4 Conclusions

1. The precipitation at different slope positions of the desert steppe at the
northern foot of Yinshan Mountain follows the pattern: downhill > middle
slope > uphill, with corresponding drought index PA values: uphill PA >
middle slope PA > downhill PA.

2. From observations at various temporal scales: monthly scale analysis re-
vealed different degrees of drought at all slope positions with high fre-
quency; seasonal scale analysis found light drought only in winter; annual
scale analysis found that the region did not reach the drought threshold
during 2015-2019, indicating sufficient average annual precipitation and
no drought disaster.

3. The multiple regression model constructed based on main meteorological
factors (precipitation, air temperature, humidity) and drought index PA
value is: Y_{PA} = 78.799 + 0.255x; - 3.395x, + 1.831x,, with R? =
0.994, showing high model fit that can effectively reflect drought conditions
in the region.

References

[1] Ye Jinyin, Huang Yong, Zhang Chunli, et al. Spatial temporal variations of
climate change of the Huaihe River basin during recent 50 years[J]. Ecology and
Environmental Sciences, 2016, 25(1): 84-91.

[2] Zhang Qiang, Zhang Liang, Cui Xiancheng, et al. Progresses and challenges in
drought assessment and monitoring[J]. Advances in Earth Science, 2011, 26(7):
763-778.

chinarxiv.org/items/chinaxiv-202109.00041 Machine Translation


https://chinarxiv.org/items/chinaxiv-202109.00041

ChinaRxiv [$X]

[3] Wu Shuang, Jiang Lixia, Li Yuguang, et al. Risk assessment of maize drought
in Heilongjiang Province based on natural disaster risk theory[J]. Journal of
Meteorology and Environment, 2019, 35(6): 139-144.

[4] Yin Xiaodong, Dong Siyan, Han Zhengyu, et al. Projected risk of drought
and flood at Yangtze River Delta for the next 50 years[J]. Journal of Meteorology
and Environment, 2018, 34(5): 66-75.

[5] Qu Yingbo, Zhao Yuanyuan, Ding Guodong, et al. Effects of climate and
human activities on vegetation cover changes in Xilingol steppe[J]. Arid Zone
Research, 2021, 38(3): 802-811.

[6] Gu Jingzhi, Gong Zhaoning. Temporal and spatial variation characteristics
of vegetation coverage and its influencing factors in North China Plain in the
past 15 years(2001-2015)[J]. Geomatics & Spatial Information Technology, 2018,
47(8): 47-51.

[7] Xue Changying, Ma Zhihong, Hu Chengda. Spatiotemporal characteristics
of drought during summer maize growing season in Huang-Huai-Hai area for
recent 40 years[J]. Journal of Natural Disasters, 2016, 25(2): 1-14.

[8] Shang Shasha, Lian Lishu, Ma Ting, et al. Spatiotemporal variation of tem-
perature and precipitation in Northwest China in recent 54 years[J]. Arid Zone
Research, 2018, 35(1): 68-76.

[9] Zhang Delai, Cai Fu, Shi Kuiqiao, et al. Responses of main physiological
parameters to drought stress during the period from jointing to filling of spring
maize in Northeast Chinal[J]. Journal of Meteorology and Environment, 2018,
34(4): 134-138.

[10] Jiang Ling, Xiao Yi, Rao Enming, et al. Effects of land use and cover change
(LUCC) on ecosystem sand fixing service in Inner Mongolia[J]. Acta Ecologica
Sinica, 2016, 36(12): 3734-3747.

[11] Zhang Suqgiong, Yan Wangui. Problems of steppe ecosystems and their
countermeasures in western ChinalJ]. Acta Prataculturae Sinica, 2006, 12(5):
11-18.

[12] Liao Hanru, Indree Tuvshintogtokh, Guo Tong, et al. Effects of grazing
exclusion on the vegetation community composition and the community stability
of dry steppe and mountain steppe ecosystems in Mongolia[J]. Acta Scientiarum
Naturalium Universitatis Pekinensis, 2020, 1(3): 471-478.

[13] Li Chengyang, Lai Chimin, Peng Fei, et al. Alpine meadows at different
stages of degradation in the Beiluhe Basin of the Qinghai-Tibet Plateau: Produc-
tivity and community structure characteristics[J]. Pratacultural Science, 2019,
36(4): 1044-1052.

[14] Cao Liguo, Liu Puxing, Zhang Kexin, et al. Analysis on response of steppes
to climate change and its spatial difference in Xilingol LeaguelJ]. Arid Zone
Research, 2011, 28(5): 789-794.

chinarxiv.org/items/chinaxiv-202109.00041 Machine Translation


https://chinarxiv.org/items/chinaxiv-202109.00041

ChinaRxiv [$X]

[15] Wu Song, Pan Faming. SPSS Statistical Analysis[M]. Beijing: Tsinghua
University Press, 2016, 334-341, 217-228, 408, 416.

[16] Yang Xinguo, Song Naiping, Li Xuebin. Effects of short term fencing on
organic carbon fractions and physical stability of sandy sierozem in desert steppe
of Northwest China[J]. Chinese Journal of Applied Ecology, 2012, 23(12): 3325-
3330.

[17] Yu Shuang, Tao Libo, Xu Dongmei, et al. Effects of enclosure on the soil
organic carbon and its active components in desert steppe[J]. Acta Prataculturae
Sinica, 2019, 28(2): 190-196.

[18] Xie Li, Song Naiping, Meng Chen, et al. Time course of changes in soil parti-
cle size and carbon and nitrogen reserves after fencing Ningxia desert steppel[J].
Acta Prataculturae Sinica, 2020, 29(2): 1-10.

[19] Li Guogqi, Shao Wenshan, Zhao Panpan, et al. Analysis of soil seed bank
characteristics and soil physical and chemical properties of four plant communi-
ties in a desert steppe region[J]. Acta Ecologica Sinica, 2019, 39(17): 6282-6292.

[20] Yang Bo, Gong Jirui, Zhang Zihe, et al. Spatial variation of carbon turnover
time and carbon uptake in a Chinese desert steppe ecosystem[J]. Ecological
Indicators, 2020, 30(6): 112-120.

[21] Gao Junliang, Luo Fengmin, Gao Yong, et al. Ecological soil C, N, and P
stoichiometry of different land use patterns in the agriculture-pasture ecotone
of Northern China[J]. Acta Ecologica Sinica, 2019, 39(15): 5594-5602.

[22] Ma Zhuguo, Fu Congbin. Basic facts of drought in Northern China 1951-
2004[J]. Chinese Science Bulletin, 2006, 51(20): 2429-2439.

[23] Zhang Qiang, Zhang Cunjie, Bai Huzhi, et al. New development of climate
change in Northwest China and its impact on arid environment[J]. Journal of
Arid Meteorology, 2010, 28(1): 1-7.

[24] Wang Suping, Duan Haixia, Feng Jianying. National drought situation and
its impact and causes in the winter 2009-2010[J]. Journal of Arid Meteorology,
2010, 28(1): 107-112.

[25] Liu Yuanshan, Bai Huzhi, Qian Zheng’ an, et al. Further analyses of obvious
moistening in central Xinjiang in recent 20 years[J]. Plateau Meteorology, 2011,
30(5): 1195-1203.

[26] Xu Xinchuang, Ge Quansheng, Zheng Jingyun, et al. Drought risk assess-
ment on regional agriculture: A case in Southwest Chinal[J]. Progress in Geog-
raphy, 2011, 30(7): 883-889.

[27] Chen Xiaonan, Duan Qingchun, Liu Changming, et al. Model of risk as-
sessment for agricultural drought based on two-layer soil computing model[J].
Transactions of the Chinese Society of Agricultural Engineering, 2009, 25(9):
51-56.

chinarxiv.org/items/chinaxiv-202109.00041 Machine Translation


https://chinarxiv.org/items/chinaxiv-202109.00041

ChinaRxiv [$X]

[28] Zhang Shungian, Qin Qingtao, Hou Meiting, et al. Remote sensing and
impact estimation for Sichuan hot drought based on temperature vegetation
dryness index[J]. Transactions of the Chinese Society of Agricultural Engineer-
ing, 2004, 23(9): 141-146.

[29] Shi Peijun, Du Juan, Ji Mengxin, et al. Urban risk assessment research
of major natural disasters in Chinal[J]. Advances in Earth Science, 2006, 21(2):
170-177.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202109.00041 Machine Translation


https://chinarxiv.org/items/chinaxiv-202109.00041

	Analysis of Meteorological Drought Factors in the Desert Steppe of the Northern Foothills of Yinshan Mountains (Postprint)
	Abstract
	Full Text
	Analysis of Meteorological Factors Affecting Drought in a Desert Steppe of the Northern Foot of Yinshan Mountain
	Abstract

	1 Study Area and Methods
	1.1 Study Area Overview
	1.2 Research Methods

	2 Results and Analysis
	2.1 Comparison of Annual Precipitation at Different Slope Positions
	2.2 Variation Patterns of PA Values at Different Slope Positions Across Different Temporal Scales
	2.3 Comparison of Drought Intensity at Different Slope Positions at Seasonal and Annual Scales
	2.4 Construction of PA Value Model Combining Meteorological Factors

	3 Discussion
	4 Conclusions
	References


