
Drought Variation Characteristics and Effects on
Vegetation Productivity in Gansu, Northwest China
Junqi Cheng  (  chengjq789@163.com )

shaanxi shifan daxue: Shaanxi Normal University https://orcid.org/0000-0002-6234-7718
Shuyan Yin 

Research Article

Keywords: SPEI, Vegetation productivity, Change trend, Correlation analysis

Posted Date: March 30th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1461068/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1461068/v1
mailto:chengjq789@163.com
https://orcid.org/0000-0002-6234-7718
https://doi.org/10.21203/rs.3.rs-1461068/v1
https://creativecommons.org/licenses/by/4.0/


 1 

Drought Variation Characteristics and Effects on 

Vegetation Productivity in Gansu, Northwest China 

 

Cheng Junqi, Yin Shuyan 

corresponding author: Yin Shuyan(E-mail:yinshy@snnu.edu.cn) 
(School of Geography and Tourism, Shaanxi Normal University, Xi 'an 710119, China) 

Abstract: Changes in vegetation productivity (GPP) have an important impact on the global 
carbon cycle. Gansu is located in the arid and semi-arid region in northwest China, and its 
ecological environment is fragile. The study of the impact of drought on GPP is of great 
significance to the global ecosystem carbon cycle. Based on the SPEI index in Gansu from 2000 
to 2020, this paper analyzed the changing characteristics of drought and its impact on GPP. The 
results revealed that: (1) In the past 21 years, the annual SPEI-12 has been increasing at a rate of 
0.3/10a, and it was divided into two distinct dry and wet stages. Before 2018, it was mainly dry, 
after 2018, it was mainly humid. SPEI-3 decreased at a rate of 0.1/10a in spring, fluctuated 
significantly in summer, and increased in autumn and winter.(2) The annual SPEI-12 of most 
meteorological stations was less than 0, the SPEI value increased from northwest to southeast. 
Except for summer, the SPEI-3 value varied greatly in other seasons, increasing from west to east 
in spring, decreasing from south to north in autumn, and decreasing from west to east in winter.(3) 
GPP displayed a significant increasing trend (R2=0.57, p<0.01) in Gansu from 2000 to 2020 .The 
spatial variation increased from northwest to southeast.(4) Annual SPEI-12 was positively 
correlated with GPP, SPEI-3 was negatively correlated with GPP in spring and autumn, and 
positively correlated in summer and winter. The correlation between SPEI-3 and GPP in summer 
passed the significance test. 
Key words: SPEI; Vegetation productivity; Change trend; Correlation analysis 

 

1. Introduction 

 

Drought is an extreme natural disaster caused by the imbalance of water balance under the 
condition of long-term low rainfall, which will have serious impact on water resources, ecological 
environment and social economy (Deo et al., 2017; Wei et al., 2017; Su et al., 2021).In recent 
years, global climate change has led to frequent occurrence of meteorological and hydrological 
extreme events (such as floods, droughts, etc.), which has brought more severe challenges to flood 
control and drought relief (Deng et al., 2020; Zou et al., 2021).Due to the complexity of drought, 
there is no unified standard for the definition of drought, according to the research object and 
impact, it is divided into meteorological drought (Yu et al., 2020), agricultural and ecological 
drought (Li et al., 2020), hydrological drought (Anderson et al., 2013) and socioeconomic drought 
(Ault et al., 2020).Agricultural and ecological droughts pay more attention to factors such as the 
relationship between supply and demand of water for vegetation growth and soil moisture 
characteristics, the soil moisture index is often used to represent the occurrence, maintenance and 
intensity of drought (IPCC., 2021).Because soil moisture is reduced to a certain extent, it will 
cause stress to plants, directly affect plant physiology, lead to a decrease in hydraulic conductivity 
and carbon metabolism, and further lead to plant death (Chen et al., 2020).A comprehensive grasp 
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of the temporal-spatial structure of drought and its dynamic evolution is of great significance for 
improving the ability of drought monitoring and the work of drought resistance and disaster 
reduction. 

Gross primary productivity (GPP) represents the initial energy and matter entering the 
terrestrial ecosystem, and is the largest component of the global terrestrial carbon flux, and its 
changes affect the entire terrestrial carbon cycle (Ye et al., 2021; Du et al., 2020; Chen et al., 
2019).Drought is the extreme climate that has the strongest impact on the GPP of terrestrial 
ecosystems (Du et al., 2020), which directly affects the growth and development of vegetation. In 
recent years, the global climate has changed frequently, and the increase in temperature has 
changed the temporal and spatial distribution of precipitation by affecting the atmospheric 
circulation and the global water cycle (Overland et al., 2010), which in turn makes the drought 
have temporal and spatial characteristics (Pachauri et al., 2014). Studying the response of total 
primary productivity to drought under climate change is of great significance for understanding 
the dynamics of vegetation development and predicting future patterns. 

At present, scholars have carried out research on the temporal and spatial distribution of 
vegetation productivity and its response to drought across the country, which has made great 
contributions to revealing changes in vegetation productivity and its correlation with drought in 
China (Du et al., 2020; Zhao et al., 2019). However, drought is not only controlled by water deficit, 
but also closely related to temperature. Many studies have shown that high temperature will 
significantly exacerbate the limitation of drought on vegetation growth (Fu et al., 2020; Zhu et al., 
2021). 

Most of Gansu is located in the Loess Plateau, where frequent droughts severely restrict 
economic development and ecological balance. GPP research can quantify vegetation growth and 
is an important part of global carbon cycle research.However, the current research on the temporal 
and spatial variation of GPP in Gansu and its response to drought is insufficient.Therefore, this 
paper used 2000-2020 meteorological data and gross primary productivity (GPP) data of Gansu to 
analyze the impact of drought on GPP. The specific objectives were: (1) describe the temporal and 
spatial variation characteristics of Gansu Standardized Precipitation Evapotranspiration Index 
(SPEI); (2) analyze the temporal and spatial variation characteristics of GPP; (3) reveal the effect 
of drought on GPP. The results of this study are of great significance for helping us to better 
understand the characteristics of drought changes, assisting in making appropriate agricultural 
production decisions, and understanding the biochemical dynamics of carbon cycling in the global 
ecosystem. 

 

2. Data and Methods 

 

2.1. Study area 

 

Gansu Province (32°11'N—42°57'N and 92°13'E—108°46'E) is located in the northwest 
inland region(Fig. 1), at the intersection of the Qinghai-Tibet Plateau, the Inner Mongolia Plateau 
and the Loess Plateau.The annual average temperature ranges from 0 to 15 °C, and the 
accumulated temperature ≥10 °C decreases gradually from southeast to northwest, from plains and 
basins to plateaus (Wang et al., 2016), including four climate types: subtropical monsoon climate, 
temperate monsoon climate, temperate continental climate and alpine plateau climate, semi-arid 
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areas account for 75% of the total area.Under the background of climate warming, the decrease in 
precipitation in the southeast is higher than that in the northwest (Ma et al., 2012). 

 

Fig. 1.  Distribution of meteorological stations on the Gansu 

 

2.2. Data Source 

 

The meteorological data used in this paper came from the China Meteorological Data 
Network (http://data.cma.cn/). After removing the meteorological stations with more missing data, 
25 meteorological stations were finally selected, and the time series was from 2000 to 2020. Using 
RClimDex to strictly check and control the data of the selected stations, it mainly includes the 
elimination of outliers and wrong values, the time consistency test, whether the daily minimum 
temperature was greater than the maximum temperature, and the extreme value test. The linear 
interpolation method was used to interpolate to ensure the integrity and consistency of the 
data(Wang et al., 2013).The total primary productivity (GPP) data (MOD17A2Hv006) with 0.05 
degree resolution on a time scale of 8d from 2000 to 2020 was obtained from the NASA 
EarthData website (https://earthdata.nasa.gov). 
 

2.3. Methods 
 

2.3.1. SPEI calculation method 

SPEI was proposed by Vicente-Serrano et al. (Vicente-Serrano et al., 2010) and has the 
characteristics of multi-scale and simple calculation. The calculation process (Wang et al., 2018)  
is as follows: 

(1) Calculate the monthly potential evaporation with the Thornthwaite model: 
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In the formula, K is the correction coefficient calculated according to the latitude, T is the 
monthly average temperature, I is the annual total heating index, and m is the coefficient 
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determined by I. 
(2) Establish the monthly precipitation and potential evaporation difference series Di: 

PETPD iii
                             （2） 

where i is the month; Di is the difference between the monthly precipitation and potential 
evapotranspiration; Pi is the monthly precipitation; PETi is the monthly potential 
evapotranspiration. 

(3) Establish the accumulation sequence of moisture gain/loss on different time scales: 
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In the formula, k is the time scale (month), and n is the number of calculations. 
(4) Fit the established data sequence with the three-parameter log-logistic probability density 

function: 
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In the formula, α is the scale parameter, β is the shape parameter, γ is the origin parameter, 
and these parameters can be obtained by the L-moment parameter estimation method. Then, the 
cumulative probability for a given time scale can be calculated as follows: 
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(5) Convert the sequence to a standard normal distribution to obtain the corresponding SPEI: 
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When P ≤ 0.5, P = 1-F(x); When P > 0.5, P = 1-P, the symbol of SPEI is reversed.Other 
constant terms are C0 = 2.515517, C1 = 0.802853, C2 = 0.010328, d1 = 1.432788, d2 = 0.189269, d3 
= 0.001308. 

The SPEI index has the characteristics of multiple time scales, and reflects the influence of 
precipitation and temperature on regional drought. It can accurately monitor the drought status and 
can be used for comparative analysis of drought characteristics on different time scales and 
regions (Ma et al., 2012). According to the Meteorological Drought Scale (Xu et al., 2017) 
developed by the National Meteorological Administration, SPEI index is divided into different 
drought levels: 

Table 1 Drought degrees classification based on SPEI 

SPEI value Drought grade 

（-0.5—0.5] Normal years 

（-1.0—-0.5] Slight drought 



 5 

（-1.5—-1.0] Moderate drought 

（-2.0—-1.5] Severe drought 

（-∞—-2.0] Extreme drought 

 

2.3.2 Trend Analysis  

In this study, the non-parametric trend degree (SEN) (Sen et al., 1968) method was used to 
calculate the change trend of GPP in Gansu from 2000 to 2020, and the significance of the change 
trend was tested by the Mann-Kendall statistical test (Theil et al., 1992; Fensholt et al., 2013 ).The 
advantage of the SEN trend analysis method is that it does not require samples to obey a certain 
distribution, and is not disturbed by outliers, and has a strong ability to avoid measurement errors 
or outlier data. 

ij,
ij

medianβ xx ij 













   (7)  

In the formula, β is the change trend of GPP; i and j are the time series numbers; xi and xj 
represent the GPP value at the i and jth time, respectively; when β>0, it indicates that GPP is on an 
upward trend; when β<0, it indicates that GPP is on a downward trend. 
 

2.3.3 Pearson correlation analysis 

Correlation analysis was used to measure the strength of the correlation between SPEI and 
primary vegetation productivity, by calculating and testing correlation coefficients (Zhang et al., 
2017). 
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In the formula, R represents the correlation coefficient, and M represents SPEI. 
 

3. Results 

 

3.1. Annual variation characteristics of SPEI in Gansu  

 

3.1.1. Time variation characteristics 

Figure 2 illustrates the temporal variation characteristics of SPEI in Gansu. The annual 
SPEI-12 (Fig. 2a) increased at a rate of 0.3/10a as a whole, indicating that Gansu has a trend of 
becoming wet, which was divided into two distinct dry and wet stages. Before 2018 It was mainly 
drought, and after 2018, it was mainly humid, and the drought was the most serious in 2009. 
Spring SPEI-3 (Fig. 2b) declined at a rate of 0.1/10a, indicating a drying trend in spring, with the 
most severe drought in 2013, reaching a severe drought.In summer (Fig. 2c), SPEI-3 fluctuated 
significantly, showing an obvious alternation of dry and wet, and the overall increase was at a rate 
of 0.4/10a, indicating that the summer was humid, and the drought in 2009 was the most serious.In 
autumn (Fig. 2d), SPEI-3 showed an upward trend, indicating that Gansu became wet in autumn, 
and there were many dry years in autumn, but all of them were mainly mild drought.In winter 
(Figure 2e), SPEI-3 also displayed an upward trend, and most of the SPEI values were between 
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-0.5 and 0.5, indicating that there were fewer drought years in winter. 

 

Fig. 2. Temporal variation characteristics of SPEI in Gansu 

3.1.2 Spatial variation features 

 

Fig. 3. Interannual spatial distribution of SPEI-12 in Gansu from 2000 to 2020, (a) SPEI, (b)Trend 

The spatial distribution of SPEI in Gansu (Fig. 3a) shows that the annual SPEI-12 was 
between -058 and 0.23, and 84% of the stations were less than 0, demonstrating that Gansu was 
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dominated by drought from 2000 to 2020, and the SPEI value increased from northwest to 
southeast.The SPEI trend coefficients of most meteorological stations are greater than 0 (Fig. 3b), 
indicating that most of Gansu Province was in a humid trend, but the change was not significant. 
The trend coefficient increased from Yongchang and Minqin to the southeast and northwest. 

 

Fig. 4. Seasonal spatial distribution of SPEI-3 in Gansu from 2000 to 2020, (a) , (c), (e), (g) SPEI, (b), (d), (f), (h) 

Trend 
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The spatial distribution of seasonal SPEI-3 (Fig. 4) illustrates that the SPEI (Fig. 4a) 
increased from west to east in spring, and all stations were less than 0 except Wushaoling, 
demonstrating that spring was dominated by drought, the trend coefficient (Fig. 4b) has increased 
from northwest to southeast. In summer, the spatial difference of SPEI (Fig. 4c) was small. Wudu 
was the smallest, the trend coefficient (Fig. 4d) increased from the middle to the periphery, and 
has an increasing trend in the whole region. In autumn, the SPEI (Fig. 4e) decreased from south to 
north, and the SPEI value of most areas was less than 0, the trend coefficient (Fig. 4f) increased 
from south to north. In winter, the SPEI (Fig. 4g) decreased from west to east, the trend coefficient 
(Fig. 4h) was mainly increased.0 

3.2 Variation characteristics of GPP in Gansu 

 

Fig. 5. Interannual variation characteristics of GPP in Gansu from 2000 to 2020 

GPP fluctuated greatly in Gansu from 2000 to 2020, ranging from 191.77 to 352.09 gCm-2a-1 
(Fig. 5), annual average 234.93 gCm-2a-1. The average GPP was highest in 2016 and 2018, which 
was 49.87% and 34% higher than the average. The average GPP was lowest in 2001, which was 
18.37% lower than the average. During the study period, there was a very significant increase 
trend (R2=0.57, p<0.01). 

 

Fig. 6. Spatial distributions of annual means of GPP in Gansu from 2000 to 2020 

The average GPP in Gansu from 2000 to 2020 is shown in Figure 6, with an average of 
234.65gCm-2a-1 and a total of 120.34TgC/a, showing a trend of increasing from northwest to 
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southeast and from north to south. The highest value was located in the south, and the lowest 
values were in the deserts of the Northwest. 

 

Fig. 7. The significance test of the interannual change of Gansu GPP from 2000 to 2020: (a) Trend, (b) 

Significance test 

Figure 7 shows the spatial trend of GPP in Gansu from 2000 to 2020. It can be seen that in 
the past 21 years, the GPP in Gansu has mainly increased (Fig. 7a). The increasing trend was 
mainly located in the Longzhong Plateau, Longdong Plateau and Longnan Mountains, and the 
decreasing trend was mainly located in the Hexi Corridor and Gannan area. The area that 
increased and increased significantly accounted for a large proportion (Fig. 7b), mainly located in 
Zhangye, Wuwei, Longzhong Plateau, and Longdong Plateau. The change in the northwest was 
not significant, and the proportion of decreasing and significantly decreasing trends was very 
small, and it was scattered distributed everywhere. Overall, Gansu GPP showed an increasing 
trend during the study period. 
3.3 Correlation analysis between GPP and SPEI 

 

Fig. 8. The correlation of annual SPEI-12 and GPP of Gansu GPP from 2000 to 2020 

Fig. 8 is the correlation significance map of annual SPEI-12 and GPP. It can be seen that 
SPEI-12 and GPP have a consistent positive correlation. The desert area of the Hexi Corridor with 
less vegetation showed no significant correlation, and the significance increased from northwest to 
southeast and weakened from east to west. 

Seasonal correlations (Table 2) showed that SPEI was negatively correlated with GPP in 
spring and autumn, and positively correlated in summer and winter, which was tested for 
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significance in summer, demonstrating that the summer drought has the greatest impact on GPP. 
Table 2. Seasonal SPEI-3 and GPP correlation coefficients 

Season Spring Summer Autumn Winter 

Correlation coefficient -0.55 0.520* -0.085 0.168 

Note: * represents passing the 0.05 significance test 

 

4. Discussion 

 

Based on SPEI, this study analyzed the temporal and spatial variation characteristics of 
drought in Gansu from 2000 to 2020, and further analyzed the temporal and spatial variation 
characteristics of Gansu GPP from 2000 to 2020 and its response to SPEI, which is helpful to 
better understand and simulate the dynamic characteristics of ecosystems.It revealed the evolution 
law of drought change and GPP change, and can provide a certain theoretical basis for the research 
on the driving force of Gansu ecosystem.The study found that the annual SPEI-12 generally 
showed a increasing trend, which was different from the results of previous studies (Li et al., 
2019), which may be due to the different number of selected meteorological stations and different 
time series.The GPP in this study showed a increasing trend, which was consistent with the 
findings of the Central Asian Grassland (Yang et al., 2016) and Shulehe River (Pan et al., 2017) . 

The study on the relationship between drought and GPP in Gansu from 2000 to 2020 found 
that the impact of drought on GPP was complex, but it was obvious that the response of GPP to 
drought was different and showed spatial differences. The reason for this difference may be it was 
related to different terrain and altitude factors in the study area.There were deserts in the northwest 
part of Gansu, mostly xerophytes and perennial clump grasses, so the correlation between the 
drought in the northwest and GPP was weak. The SPEI in the areas where GPP increased 
significantly in Gansu all displayed significant changes, indicating that SPEI has a significant 
impact on GPP. 

There was a positive correlation between SPEI and GPP, which was consistent with the 
findings of Yang Xuemei et al. that both temperature and precipitation in Hexi area were on the 
rise, and vegetation was significantly improved (Yang et al., 2015).Many research results showed 
that the climate in the northwest inland river basin tends to be warm and humid. For example, the 
temperature and precipitation in the Shiyang River basin increased from 1981 to 2015 (Zhang et 
al., 2018).During the study period, SPEI in Gansu showed a increasing trend,demonstrating that 
the climate became humid, which alleviated the limitation of water stress and low temperature 
stress on vegetation growth, resulting in the increase of GPP. 

This study was not without shortcomings.Compared with other drought indicators, the SPEI 
index comprehensively considers the changes of precipitation and evapotranspiration, and the 
accuracy was relatively higher, and the obtained results have certain reference value as a 
whole.However, due to the uneven distribution of meteorological stations, there was a certain 
difference between the local and the accuracy of the actual results.GPP is an important factor to 
measure the surface carbon cycle, so exploring its influencing factors is of great significance for 
vegetation research.In future research, it is necessary to distinguish the differences between land 
use types and vegetation types in response to climate change in more detail.This paper only 
explores the impact of drought changes on GPP, but lacks the exploration and field investigation 
of human factors.The Pearson correlation analysis method was used to explore the impact of 
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drought on GPP, which was only explored from the level of linear relationship. Climate change is 
a complex process. How to analyze the impact of drought on GPP more scientifically and 
rationally is still the focus of future research. 
 

5. Conclusions 

 

(1) From 2000 to 2020, Gansu was divided into two distinct dry and wet stages. Before 2018, it 
was mainly drought, and after 2018, it was mainly humid, and the overall trend was 
humid.There was a trend of drying in spring, obvious alternation of dry and wet in summer, a 
trend of wetting in autumn, and few years of drought in winter. 

(2) From 2000 to 2020, Gansu was dominated by drought, but most areas had a tendency to 
become wetter.Spring was dominated by drought, and the trend coefficient increased from 
northwest to southeast. The spatial difference of SPEI between summer and winter was small, 
and it was mainly humid, autumn was dominated by drought, and the trend coefficient 
increased from south to north. 

(3) During the study period, the GPP in Gansu showed a very significant trend of increasing as a 
whole, showing a trend of increasing from northwest to southeast and from north to south. 

(4) Annual SPEI-12 and GPP showed a consistent positive correlation, and the significance 
increased from northwest to southeast, summer drought had the greatest impact on GPP. 
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