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ABSTRACT

 Drought is a worldwide concerned issue which causes huge losses in agriculture, economic and 

damages in natural ecosystems. The precise assessment of drought evolution characteristics is essential 

for agricultural water management and drought resistance, while such work is rarely reported. Thus, eight 

meteorological stations located within the Southwest Guizhou Autonomous Prefecture (SGAP) were 

selected, and the Standardized Precipitation Index (SPI) was used to assess the drought evolution 

characteristics. The results revealed that the drought occurrences number in Pu'an station was the largest 

(23 droughts), and the average drought duration in Xingren station was the longest (48.75 months). 

Moreover, the drought characteristics of the eight stations have account for the largest proportion under 

normal conditions, was more than 60%, the frequency of drought disaster occurring in Xingren is the 

highest (30.05%), followed by Wangmo (23.73%). The results of this study will provide theoretical 

guidance for drought resistance and agricultural production in Southwest Guizhou Autonomous 

Prefecture of China.
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 The drought, which caused by climate periodic 

variation, is a major natural hazard to both human societies and 

ecosystems (Ashraf et al., 2015; Rahman et al., 2018). 

Generally, droughts occur randomly and could be last for long-

term in large areas (Dai, 2013; Hu et al., 2017). Compared with 

other natural disasters, drought possesses more negative 

impact on agricultural production, food safety and economic 

development (Bal and Minhas, 2017; Ashraf et al., 2015; Chen 

et al., 2015; Yang et al., 2016). Drought is considered as one of 

the most detrimental climatic hazards, while rare reports and 

efforts can be reached so far (He et al., 2011; Khadr et al., 

2017). According to the previous studies, the amount of 

precipitation and the duration of drought period are the main 

factors of the drought, and drought mainly results from the 

deficiency of precipitation, which needs further water 

supplement for alleviating the water shortage in agricultural 

productions (Rahman et al., 2018). Meanwhile, it should also 

take into account the timing (i.e., the principal season of 

occurrence, delays in the start of the rainy season) and the 

effectiveness (i.e., precipitation intensity, number of 

precipitation events) of the rains (Pai et al., 2011). Moreover, 

change in global surface temperature, and precipitation pattern 

may increase the drought duration, its severity, and frequency 

of occurrence (Kostopoulou et al., 2017).

 Southwest Guizhou Autonomous Prefecture (SGAP) is 

located in the southwest of China, which has grievously 

suffered from drought, main spring drought in recent decades. 

SGAP has an agro-based economy and most of the state falls in 

the seasonal drought area. SGAP is a major produce area of 

flue-cured tobacco in China, and the economic value of flue-

cured tobacco production plays an important role in 

agricultural production in the whole state (Yang et al., 2019). 

In recent years, due to the uneven distribution of rainfall 

resources, different degrees of water supply and demand in 

SGAP's major tobacco areas, especially in the transition 

period (spring) of flue-cured tobacco, which caused a huge 

impact on the growth of flue-cured tobacco and obstructed the 

normal growth and development of flue-cured tobacco (Yang 

et al., 2019). 

 It is evident that the drought has become a significant 

factor restricting the yield and quality of many crops, and the 

economic losses caused by droughts far exceed those by other 

natural disasters. So far, there is basically no systematic 

analysis of the regularity, frequency, extent, and duration of 

drought in most of China's major agricultural planting areas, 

and this has a great impact on water saving, drought resistance, 

and agricultural production. Therefore, it is urgent to analyze 

the evolution of drought conditions in agricultural planting
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MATERIALS AND METHODS

Study area

 Southwest Guizhou Autonomous Prefecture of China 

is located in the southwest of Guizhou Province 

(104°35'E–106°32'18′E; 24°38'N–26°11'N), and it has eight 

counties, which are Anlong, Ceheng, Pu'an, Qinglong, 

Wangmo, Xingren, Xingyi and Zhenfeng. The state belongs to 

the Panjiang river basin of the Pearl River, which is a typical 

low-latitude and high-altitude mountain area, and most of the 

altitude is between 1000 and 2000 m. The SGAP is located in 

the sub-tropical climate zone with the annual mean 

temperature ranging between 13.8~19.4°C, the average 

annual precipitation of 1352.8 mm mainly concentrated 

during May to September.

Data sources

 Fifty five years (1961-2015) daily rainfall data for eight 

meteorological stations (Anlong, Ceheng, Pu'an, Qinglong, 

Wangmo, Xingren, Xingyi and Zhenfeng) were obtained from 

Meteorologic Bureau of SGAP, and the partially missing data 

were downloaded from National Meteorological Information 

C e n t e r ,  C h i n a  M e t e o r o l o g i c a l  A d m i n i s t r a t i o n 

(http://data.cma.cn). The detailed information from the 

stations is shown in Table 1.

Analyzing methodology

 The Standardized Precipitation Index (SPI) (McKee et 

al., 1993; Chaudhari et al., 2004; Lee et al., 2018) is used to 

analyze the dynamics in precipitation and to explore the area 

with temporal precipitation deficiency. The SPI is based on the 

collective probability of accumulated precipitation as against 

the standard normal variable (Khadr, 2017), it can better 

reflect the intensity and duration of drought. SPI is a

areas and to provide theoretical guidance for regional 

agricultural production and rational agricultural water 

management. So far, many analysis methods have been 

developed for quantifying and assessing the drought event. 

Among all methods, Standardized Precipitation Index (SPI) is 

the most useful method to estimate the duration of drought 

and relevant intensity (Zhang et al., 2017; Paparrizos et al., 

2018; Rahman et al., 2018). It is applied to determine the wet 

and dry events occurred on a certain period for the area where 

time-series precipitation data is available (Huang et al., 

2015). The strength of SPI tool is used to estimate the 

probability of drought incidences irrespective of season, 

location, and climate of an area (Huang et al., 2015). 

Therefore, the analysis of drought extent and frequency was 

carried out using SPI in this study, and aims to determine the 

drought frequency, extent, and duration in SGAP. Finally, the 

above analysis could elucidate the evolution characteristics of 

drought change, and provide theoretical guidance for drought 

resistance and agricultural production in SGAP of China.

Latitude (°)  Longitude (°)  Station name

Pu'an 

Qinglong 

Xingren 

Zhenfeng 

Wangmo 

Xingyi 

Anlong 

Ceheng 

25.47  

25.50  

25.26  

25.24  

25.11  

25.05  

25.07  

24.59  

104.58  

105.13  

105.11  

105.38  

106.05  

104.54  

105.29  

105.49  

Altitude (m)

1649.40  

1552.70  

1378.50  

1063.30  

566.80  

1299.60  

1394.50  

584.80  

 

Table 1: Meteorological stations' information in the study area.

SPI value  

SPI ≥ 2  

1.5 ≤ SPI < 2  

1 ≤ SPI < 1.5  

-1 < SPI < 1  

-1.5 < SPI ≤ -1.0  

-2.0 < SPI ≤-1.5  

SPI ≤ -2.0  

 Category

Extreme wet condition

Severe wet condition  

Moderate wet condition

Near normal condition  

Moderately drought condition

Severely drought condition

Extremely drought condition

Table 2: SPI categories based on SPI values.
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where c , c , c , d , d , and d  are constants with the following 0 1 2 1 2 3

values:

c  = 2.515515     c  = 0.802853       c  = 0.0103280 1 2

d  = 1.432788     d  = 0.189269       d  = 0.0013081 2 3

 According to the normal distribution curve of the SPI 

index, the drought and flood grades are divided based on the 

classification criteria of the National Climate Center, and the 

corresponding SPI index limit values are determined (Table 2).

RESULTS AND DISCUSSION

Temporal change of SPI at the time scale of twelve-months 

 In order to obtain the drought monitoring performance 

of the meteorological drought index in SGAP, the SPI values at 

five different time scales (i.e. 1 month, 3 months, 6 months, 9 

months, and 12 months) were calculated using the 

meteorological data of each stations, and the arithmetic mean 

of SPI were used as drought indicators in the eight stations of 

SGAP. As shown in Fig. 1, the seasonal changes of SPI at 

different time scales from 1961 to 2015 in SGAP have a 

consistent trend of drought. SPI changes rapidly in a relatively 

short time scale (e.g. 1 month and 3 months), which indicates a 

relatively short duration of the dry or wet state. The dry and 

wet conditions last longer for each duration and change less 

frequently while with the increase of the time scale (e.g. 9 

months and 12 months).

 The drought assessment capability of SPI was analyzed 

in the eight meteorological stations (Anlong, Ceheng, Pu'an, 

Qinglong, Wangmo, Xingren, Xingyi, and Zhenfeng). The 

sequence of SPI at the 12-month annual scale was used to 

investigate the drought conditions in the region from 1961 to 

2015. It can be seen from Fig. 2 that SPI shows an upward 

trend in two stations (Wangmo and Xingren), but a downward 

trend in the other six stations (Anlong, Ceheng, Pu'an, 

Qinglong, Xingyi, and Zhenfeng) during 1961-2015.

 As can be seen from Fig. 2a, the station of Anlong has 

suffered drought in 1971-1972, 2009-2010, and 2011-2012 

respectively, especially in 1971, the value of SPI_12 attained -

4, indicating that the region suffered extreme drought. 

According to meteorological data, the average annual 

precipitation of Anlong (578.60 mm) in 1971, which was far 

below the average annual precipitation (1184.06 mm) from 

1961 to 2015. In Fig. 2b, the station of Ceheng has suffered 

drought in 2004-2005, 2011-2012 and 2013-2014

probability index, only involving precipitation (Zhang et al., 

2017).

 The SPI can track dry/wet events on different time-

scales, i.e. 1-, 3-, 6-, 9-, 12-, and 24- months. The SPI values as 

1, 3, 6, and 12 are calculated in this study, represented by 

SPI_1, SPI_3, SPI_6, and SPI_12, respectively. Many 

researchers have assumed the accumulated precipitation to the 

gamma distribution (Komuscu, 1999; Huang et al., 2015; 

Khadr, 2017). In this study, we set the precipitation in a certain 

timescale as x, and then the gamma probability density 

function is:

 where α>0, β>0, they are shape parameters and scale 

parameters, respectively, x>0 is precipitation data, γ (α) is the 

gamma function and is defined as follows:

 The estimated value of α, β can be obtained by the 

maximum likelihood estimate (MLE):

 The gamma function has not been defined for x = 0, but 

the precipitation may amount to zero actually, the cumulative 

probability converts to the following:

where,                            is the probability that the 

precipitation was zero,                 is the number that represents 

the precipitation if it is zero in a temporal sequence of data.

 After converting H(x) into a standard normal 

distribution function, the SPI can be obtained.

(1)

(2)

(3)

(4)

is the length of the precipitation  

sequence.

(5)

(6)
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Fig 1: Sequence variation of SPI drought index at different scales from 1961-2015. 



Stations Anlong  Ceheng  Pu'an  Qinglong  

Drought 

Occurrence  

Frequency 

(time) 

Duration 

(month)  

Frequency 

( time)  

Duration 

(month)  

Frequency 

( time)  

Duration 

(month)  

Frequency 

( time)  

Duration 

(month)

1 10 4 5.5 5  3.8 3 

1 14 2 5.5 3  2 1 

4 3.5 4 3.5 9  1.78 4 

3 4 3 2.67 1  11 1 

4 9.75 6 9.67 5  7.4 4 

1961 -1971 

1972 -1982 

1983 -1993 

1994 -2004 

2005 -2015 

1961 -2015 13 6.85 19 5.95 23  3.87  13 

6.33  

1  

3.5  

10  

10  

6.46  

Stations Wangmo Xingren Xingyi Zhenfeng

     

Drought 

Occurrence  

Frequency 

( time) 

Duration 

(mo nth) 

Frequency 

( time)  

Duration 

(month)  

Frequency 

( time)  

Duration 

(month)  

Frequency 

( time)  

Duration 

(month)  

3 15 2 42.5 1 19 

4 27.25 2 55 2 1.5 

0 0 0 0 1 7 

0 0 0 0 1 2 

0 0 0 0 6 6.17 

1961 -1971 

1972 -1982 

1983 -1993 

1994 -2004 

2005 -2015 

1961 -2015 7 22 4 48.75 11 6.18 

1 

3 

2 

0 

6 

12 

8 

4.33 

6 

0 

8.83 

7.58 

 

Table 3: Frequency and duration of drought in different periods of SGAP.
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respectively. Combined with the annual precipitation of 2004, 

2011, 2013, and the average annual precipitation from 1961 to 

2015, the annual precipitation in these three years is about 

1000 mm, which is less than the average annual precipitation 

(1251.01 mm) of 1961 to 2015. In Fig. 2c, the station of Pu'an 

has suffered droughts in 2011-2012 and 2013-2014. The 

average annual precipitation (664.00 mm and 905.00 mm) in 

these two years is far less than the average annual precipitation 

(1345.67 mm) from 1961 to 2015. In Fig. 2d, the station of 

Qinglong has suffered droughts in 1963-1964 and 2009-2014. 

During these years, it has suffered the most severe drought in 

2013, and the average annual precipitation in the year was 

1058.3 mm, less than the average annual precipitation 

(1508.02 mm) from 1961 to 2015. The drought in Wangmo 

(Fig. 2e) occurred before 1981, and its average annual 

precipitation from 1961-1981 was 162.43 mm, much smaller 

than the average annual precipitation (813.51 mm) from 1961

to 2015, while the average annual precipitation (1215.64 mm) 

of 1982 to 2015, which is higher than the annual average 

precipitation over many years. The drought development 

situation in Xingren (Fig. 2f) is similar to that in Wangmo, with 

all the droughts occurring before 1981. The average annual 

precipitation of Xingren was 142.17 mm (1961-1981) and 

1393.35 mm (1982-2015), and the average annual 

precipitation for the years 1961 to 2015 was 853.81 mm. The 

station of Xingyi (Fig. 2g) has suffered drought in 1962-1963 

and 2009-2012, especially an extremely arid year in 2012, 

with the annual precipitation was 679.9 mm, much lower than 

the annual precipitation (1483.99 mm). In Fig. 2h, the station 

of Zhenfeng has suffered droughts in 2004-2005 and 2009-

2014, with 2013 as the driest year. The average annual 

precipitation of Zhenfeng in 2013 was 813.30 mm, which is 

lower than the average precipitation (1318.09 mm) during 

1961 to 2015.



Fig 2: The temporal change of SPI at the time scale of twelve-months during 1961-2015.
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Ceheng  Pu'an  Qinglong  Wangmo  Xingren  Xingyi  Zhenfeng 

17.41  13.71  12.94  23.73  30.05  

69.34  68.41  70.26  75.19  59.94  

Drought  

Dry 

Normal  

Wet 

Anlong  

13.71  

73.50  

12.79  13.25  17.87  16.80  1.08 10.02 

10.48  

77.20  

12.33  

14.02  

73.04  

12.94  

 

Table 4: Statistics of drought status in different regions reflected by SPI_12 index (%).   
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Frequency and duration of drought using the SPI

 The frequency and duration of drought based on the 

SPI_12 sequence in different periods of SGAP have also been 

analyzed in this study. According to the drought level criteria 

of SPI, the SPI value less than -1, which indicates that drought 

occurs once. It can be seen from Table 3 that the number of 

droughts in Pu'an station was the largest with 23 times drought 

during 55 years and a drought duration average of 3.87 

months. At the same time, the other seven stations have 

suffered droughts for 13 (Anlong), 19 (Ceheng), 13 

(Qinglong), 7 (Wangmo), 4 (Xingren), 11 (Xingyi), and 12 

(Zhenfeng) times, respectively. The average drought duration 

in Xingren station was the longest, which attained 48.75 

months in this period. 

 It can be seen from the occurrence of drought at 

different periods, the statistics of SPI_12 showed that there 

were no droughts in Wangmo and Xingren from 1983 to 2015, 

while the two regions suffered 3 and 2 times drought in 1961 to 

1971, respectively, and the duration were 15 and 42.5 months, 

respectively. Moreover, droughts have occurred 4 and 2 times 

in 1973-1982, respectively, and the average duration was 

27.25 and 55 months. There was no droughts in Zhenfeng from 

1994 to 2004, but there were 1, 3, 2 and 6 times drought in the 

other four periods, and the average duration were 8, 4.33, 6, 

and 8.33 months respectively. In addition to Pu'an, Wangmo, 

and Xingren stations, the remaining stations suffered the 

highest number of droughts in five different periods during 

2005-2015. Also, in these periods, except in Wangmo, 

Xingren, and Xingyi stations, the average duration of drought 

occurring in the other five stations was longer than that of the 

overall period (1961-2015).

 In order to further analyze the drought characteristics of 

SGAP, the frequency of drought was adopted using the SPI_12 

sequence. Table 4 lists the drought characteristics of the eight 

stations from 1961 to 2015 using the categories: drought, 

normal, and wet conditions. The results showed that all 

stations in normal conditions have account for the largest 

proportion, and is more than 60% at the normal frequencies. 

Among them, the frequency in Anlong, Xingyi, and Zhenfeng

are not much difference under the drought and wet conditions; 

however, there is a big difference between the frequency of 

drought (23.73%) and that of wet conditions (1.08%) in 

Wangmo. Among the eight stations, the drought disaster 

frequency occurring in Xingren is the highest, attained 

30.05%, followed by Wangmo with 23.73%.

 The SPI results revealed that the trend of drought in the 

SGAP reflected by the five scales of drought index was 

consistent. During the time under study, the drought episodes 

by meteorological stations were 23 (Pu'an), 13 (Anlong ), 19 

(Ceheng), 13 (Qinglong), 7 (Wangmo), 4 (Xingren), 11 

(Xingyi) and 12 (Zhenfeng) with a drought frequency of 

13.71%, 13.71%, 17.41%, 12.94%, 23.73%, 30.05%, 10.48% 

and 14.02%. The result is consistent with Shi et al. (2014), who 

indicated that there exists a substantial probability of extreme 

drought appearance, and extreme events seem to be frequently 

occurring from the 1960s to 2010s. Moreover, in our study, it 

was found that these drought events in SGAP have severely 

affected the irrigation management and flue-cured tobacco 

yields. This also confirms and supplements the research 

findings of Wang et al. (2015) and Chen et al. (2017), which 

showed that it has suffered several extreme droughts, such as 

the event in the summer of 2006, one from the autumn of 2009 

to the spring of 2010, and one in the summer of 2011, which 

have resulted in tremendous economic loss, ecosystem 

damage, and disruption of society (Qiu, 2010; Zhang et al., 

2015). In addition, crop yield is threatened by increasingly 

frequent winter and spring drought events (He et al., 2017). 

Hence, it is necessary and meaningful to analyze the evolution 

of drought in agricultural planting areas. 

CONCLUSION

 The SPI results expressed by five scale of drought 

index revealed that drought trend in the SGAP was consistent. 

The smaller-scale meteorological drought index indicates that 

the duration of the drought or wet state is shorter, and with the 

increasing of the scale, the drought and wet state lasts longer, 

the frequency of change becomes lower. The drought 

occurrences number in Pu'an station was the largest (23 

droughts), and the average drought duration in Xingren was
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the longest (48.75 months). Moreover, the drought 

characteristics of the eight meteorological stations have 

accounted for the largest proportion under the normal 

conditions, was more than 60%. However, there is a big 

difference between the frequency of drought (23.73%) and 

that of wet conditions (1.08%) in Wangmo station. Among the 

eight stations, the frequency of drought disaster in Xingren is 

the highest (30.05%), followed by Wangmo (23.73%). Finally, 

the above analysis have elucidated the regularity, frequency, 

extent, and duration of drought, which will provide theoretical 

guidance for drought resistance and agricultural production in 

Southwest Guizhou Autonomous Prefecture of China. 
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