
1 
*Correspondence to: Qianfeng Wang, College of Environment and Resource, Fuzhou University, 
Fuzhou, China.  
E-mail: wangqianfeng@fzu.edu.cn. 

Daily standardized precipitation index with multiple time scale for 1 

monitoring water deficit across the mainland China from 1961 to 2 

2018 3 

Qianfeng Wanga, c*, Rongrong Zhanga, Yanping Qub, Jingyu Zenga, Xiaoping Wua, 4 

Xiaozhen Zhoua, d, Binyu Rena, d, Xiaohan Lie, Duhui Zhouf 5 

a. Fujian Provincial Key Laboratory of Remote Sensing of Soil Erosion and Disaster 6 

Protection/College of Environment and Resource, Fuzhou University, Fuzhou, 7 

350116, China 8 

b. Research Center on Flood and Drought Disaster Reduction, China Institute of 9 

Water Resources and Hydropower Research, Beijing, 100038, China 10 

c. Joint Global Change Research Institute, Pacific Northwest National Laboratory and 11 

University of Maryland, College Park, MD 20740, USA 12 

d. Key Lab of Spatial Data Mining & Information Sharing, Ministry of Education of 13 

China, Fuzhou, 350116, China 14 

e. Beijing water science technology institute, Beijing, 100048, China 15 

f. Public Policy Department,Chongqing Planning Research Institue, Chongqing 16 

400011, China 17 

https://doi.org/10.5194/essd-2021-105

O
pe

n
 A

cc
es

s  Earth System 

 Science 

Data
D

iscu
ssio

n
s

Preprint. Discussion started: 22 April 2021
c© Author(s) 2021. CC BY 4.0 License.



2 
 

Highlights: 18 

• Developed a new multi-scale daily SPI suitable for different drought types. 19 

• The drought events monitored by the new daily SPI are basically consistent with 20 

historical records.  21 

• The characteristics of drought events in mainland China do not increase 22 

significantly. 23 

• The multi-scale daily SPI data set is freely available to the public. 24 

  25 

 26 
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Abstract： 27 

With the increasing shortage of water resources, drought has become one of the 28 

hot issues in the world. The standardized precipitation index (SPI) is one of the widely 29 

used drought assessment indicators because of its simple and effective calculation 30 

method, but it can only assess drought events more than one month. We developed a 31 

new multi-scale daily SPI dataset to make up for the shortcomings of the commonly 32 

used SPI and meet the needs of drought types at different time scales. Taking three 33 

typical stations in Henan, Yunnan and Fujian Province as examples, the drought events 34 

identified by SPI with different scales were consistent with the historical drought events 35 

recorded. Meanwhile, we took the 3-month scale SPI of soil and agricultural drought 36 

as an example, and analyzed the characteristics of drought events in 484 stations in 37 

Chinese mainland. The results showed that most of the drought events the mainland 38 

China did not increase significantly, and some parts of the northwestern Xinjiang and 39 

Northeast China showed signs of gradual relief. In short, our daily SPI data set is freely 40 

available to the public on the website https://doi.org/10.6084/m9.figshare.14135144, 41 

and can effectively capture drought events of different scales. It can also meet the needs 42 

of drought research in different fields such as meteorology, hydrology, agriculture, 43 

social economy, etc. 44 

 45 
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1. Introduction 47 

Drought is the most frequent, complex, chronic, and severe natural disasters 48 

worldwide (Wang et al., 2014; Wang et al., 2015; Zhong et al., 2019). Drought areas 49 

caused by water deficit have significantly spread in the past several decades over China 50 

because of climate change (Chang et al., 2016), drought situation in China will 51 

exacerbate in the future decades (Chen and Sun, 2017), the northwestern China is suffer 52 

to severe water resources crises and drought risk (Yao et al., 2018). Drought can lead 53 

to the adverse effects on drinking water, water resources availability, agricultural 54 

production and yield, and ecological environment and ecosystems stability (Passioura, 55 

2007; Heim Jr, 2002; Ledger et al., 2011). drought is also one of the most significant 56 

stress factors that greatly result in reduction of agricultural production and crop yield, 57 

further causes food security issues and even starvation (Farooq et al., 2016). Drought 58 

have induced the severe economic impacts (Wang et al., 2014; Wang et al., 2015), 59 

annual approximately 221 billion dollars loss are caused by the drought worldwide from 60 

1960 to 2016 according to statistics of the International Disaster Database (EM-DAT), 61 

and drought in China brought in direct economic losses of about USD 10 billion 62 

annually between 2004 and 2013 (Hao et al., 2020). Drought monitoring and evaluation 63 

have become the hot topics of discussion and attracted the attention from hydrologists, 64 

ecologist, geographer, meteorologists, and other the non-scientists (Todisco et al., 2013; 65 

Osorio and Galiano, 2012), there are evidences that drought are intensifying in this 66 

century in spatial and temporal terms under climate change (Solomon et al., 2007). it 67 

lacks to assess the evolution and spatial-temporal characteristics of drought resulting 68 

https://doi.org/10.5194/essd-2021-105

O
pe

n
 A

cc
es

s  Earth System 

 Science 

Data
D

iscu
ssio

n
s

Preprint. Discussion started: 22 April 2021
c© Author(s) 2021. CC BY 4.0 License.



5 
 

from water anomalies at the country scale (Wang et al., 2015; Wang et al., 2014). 69 

Therefore, it is imperative to evaluate and monitor and assess the drought characteristics 70 

using the long time series data at the large scale, this can play the important role in 71 

water resources management, responses to alleviating drought and drought risks 72 

management. 73 

Drought definition is diversified, a common definition of drought is the water 74 

deficiency and shortage of precipitation in certain a period (Kim et al., 2018), however, 75 

American Meteorological Society (AMS) considers the different drought definition, 76 

and divides droughts into four main categories including meteorological drought, 77 

agricultural (soil moisture) drought, hydrological drought, and socioeconomic drought 78 

(Ams, 1997; Malakiya and Suryanarayana, 2016). Drought indices are developed as the 79 

effective tools to monitor and evaluate the spatial-temporal characteristics of different 80 

type drought (Ding and Peng, 2020; Wang et al., 2015), because the indices can 81 

facilitate communication between water deficit (or anomalies) and numerous 82 

stakeholders (or user audiences) (Abeysingha and Rajapaksha, 2020). In the past, the 83 

three most popular and representative drought indices are the standardized precipitation 84 

index (SPI) (Mckee et al., 1993), the Palmer drought-severity index (PDSI) (Palmer, 85 

1965), and the standardized precipitation evapotranspiration index (SPEI) (Vicente-86 

Serrano et al., 2010b). The other widely used indices include the surface water supply 87 

index (SWSI) (Valipour, 2013), the evaporative demand drought index (EDDI) 88 

(Hobbins et al., 2016), the Vegetation Condition Index (VCI) (Kogan, 1990), the 89 

temperature condition index (TCI) (Kogan, 1995), the vegetation TCI (VTCI) (Wang 90 
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et al., 2001), the crop moisture index (CMI) (Palmer, 1968), the standardized 91 

streamflow index (SSI) (Vicente-Serrano et al., 2012), and the Standardized Soil 92 

Moisture Index (SSMI) (Hao and Aghakouchak, 2013). Theses drought indices are 93 

calculated by the hydrometeorological variables or remote sensing data (Zhiña et al., 94 

2019), the indices except of SPI and SPEI lack multi-time scale characteristics for 95 

monitoring the different type drought (Vicente-Serrano et al., 2010b). Although SPEI 96 

considers the water balance (the difference between precipitation and 97 

evapotranspiration) with the multi-time scale (Wang et al., 2015), its calculation 98 

requires the reference evapotranspiration parameter of the research areas or stations, 99 

the results of SPEI varied because of the different method in calculating reference 100 

evapotranspiration with the same input data (Beguería et al., 2014; Vicente-Serrano et 101 

al., 2010b). SPI has the advantage of the simplicity of calculation procedure and 102 

flexibility of the different time scale (Mckee et al., 1993), it has been adopted by the 103 

World Meteorological Organization as global tool to monitor characteristics since 2009 104 

in the ‘Lincoln declaration on drought indices’ (Hayes et al., 2011; Mckee et al., 1993). 105 

Thus, SPI is effective tool and index to monitor the different kinds of drought and to 106 

enable early drought warnings.  107 

The value of SPI standardized the deviation from the mean of precipitation, and can 108 

allow to compare the dry (water deficit) or wet (water surplus) condition (Mckee et al., 109 

1993). SPI not only has simplicity of calculation and spatial comparability in humid 110 

and arid zones (Guttman, 1998; Vicente-Serrano et al., 2010b), but also has the 111 

capability to obtain and recur the drought events detected by other indices (Maccioni et 112 
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al., 2015; Khan et al., 2018). The 1-month scale SPI can be suitable to detect the 113 

meteorological drought for the short accumulation of water balance (Mckee et al., 1993), 114 

The SPI with 3( or 6 )-month scale can indicate the soil moisture conditions or 115 

agricultural drought in medium term (Khan et al., 2018; Achour et al., 2020), The 12-116 

month scale SPI can be used to characterize the long-term hydrological drought (Khan 117 

et al., 2018), The longer time scale SPI can be employed to analyze the socioeconomic 118 

drought (Vicente-Serrano et al., 2010b). The temporal versatility of SPI is very helpful 119 

and convenient to identify the onset and cessation of drought event (Tadesse et al., 120 

2018), the robustness and better performance of SPI by comparing the other drought 121 

indices have been reported in the previous studies (Guttman, 1998; Mpelasoka et al., 122 

2008; Degefu and Bewket, 2017). Although SPI has been widely accepted and 123 

successfully used to monitor and evaluate the characteristics and risk management of 124 

the different drought type (Achour et al., 2020; Vicente-Serrano et al., 2012; Viste et al., 125 

2013; Yu et al., 2014), it is generally calculated or obtained though using the monthly 126 

precipitation. The monthly SPI only can detect the month of onset and termination of 127 

drought (Hayes et al., 2011; Beguería et al., 2014), it cannot identify the onset and 128 

termination days of drought events. It is imperative to develop SPI to daily resolution 129 

for detailed monitoring and assessing the characteristics of drought especially flash 130 

drought. 131 

Our primary aim is to produce and provide a daily drought index dataset with long 132 

time series (1961-2018) at the observation meteorological stations over the mainland 133 

China, the dataset can be used to monitor and evaluate the different kind of drought 134 
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characteristics. Firstly, we obtain the multi-time scale drought dataset from 1961 to 135 

2018 with temporal resolution of the day using the new daily SPI algorithm based on 136 

precipitation at the 484 stations; Secondly, we take the 3-month scale SPI data the 137 

example to analyze the spatial-temporal characteristics of drought; Thirdly, we further 138 

investigate drought evolution of drought using multi-time scales (1-month scale, 3-139 

month scale, 6-month scale, 9-month scale and 12-month scale) SPI at the typical 140 

stations; At last, we describe our dataset format and sharing information to enables users 141 

to easily download and use them. Our dataset is anticipated to monitor and assess 142 

characteristics and impacts of drought to cope with climate change, our daily SPI data 143 

can also be used to evaluate the impact of drought on ecosystem, crop growth growth, 144 

crop yield, vegetation phenology and plant activity. 145 

2. Data Sources and Methods  146 

2.1 Data Sources 147 

We used the daily precipitation data of 484 meteorological stations in mainland 148 

China from 1961 to 2018 provided by the China Meteorological Data Sharing Service 149 

Platform to calculate the SPI dataset (http://data.cma.cn/). These data have undergone 150 

strict quality control on the platform and have been widely used in the calculation of 151 

various drought indices and drought assessments (Li et al., 2019). The platform 152 

provides free meteorological data of 839 meteorological stations in mainland China. In 153 

order to ensure the continuity and completeness of data records, we selected 154 

precipitation data from 484 stations for calculation and analysis. The distribution of 155 
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these 484 stations is shown in Fig 1. 156 

 157 

 158 

Figure 1. The distribution of meteorological stations across the mainland China, 159 

including three typical stations (station 53898 in the Henan, station 56856 in Yunnan, 160 

and station 58847 in Fujian). 161 

 162 
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2.2 Daily SPI Calculation 163 

The daily SPI can be obtained by fitting and normalizing precipitation data with 164 

different probability distribution functions. Many studies have explored the effects of 165 

different probability distribution functions on SPI calculation (Sienz et al., 2012; 166 

SoˇLáková et al., 2013). The commonly used probability distribution functions for 167 

calculating SPI are the gamma distribution Weibull distribution, Gumbel distribution 168 

and so on. Among them, the gamma distribution is the best distribution in SPI 169 

calculation for its relatively flexible shape parameter (Stagge et al., 2015). Before 170 

calculating the probability distribution, we need to obtain the cumulative precipitation 171 

series of different time scales. In this study, we used the following functions to construct 172 

the daily precipitation series at different time scales (30 days as an example): 173 

𝑋𝑖,𝑗
𝑘 = ∑ 𝑃𝑖−1,𝑙 + ∑ 𝑃𝑖,𝑙

𝑗

𝑙=1

30

𝑙=31−𝑘+𝑗

   ,       if 𝑗 < 𝑘 𝑎𝑛𝑑 174 

𝑋𝑖,𝑗
𝑘 = ∑ 𝑃𝑖,𝑙

𝑗

𝑙=𝑗−𝑘+1

   ,       if 𝑗 ≥ 𝑘  175 

Where, the 𝑋𝑖,𝑗
𝑘  is the cumulative precipitation in a given day 𝑗 and year 𝑖 at time 176 

scale k (days). 𝑃𝑖,𝑙 is daily precipitation in day 𝑗 and year 𝑖. 177 

Then, we introduced gamma probability distribution function to calculate the 178 

probability distribution of accumulated precipitation series. The probability density 179 

function is as follow: 180 

𝑓(𝑥) =
1

𝛽𝛾Γ(𝛾)
𝑥𝛾−1𝑒

−
𝑥
𝛽 ,     𝑥 > 0 181 

Γ(𝛾) = ∫ 𝑥𝛾−1𝑒−𝑥𝑑𝑥
∞

0

 182 

Where, the random variable 𝑥 is the cumulative precipitation series in a certain time 183 
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scale. 𝛽 > 0 and 𝛾 > 0 are scale and shape parameters respectively, which can be 184 

calculated by the maximum likelihood estimation method as follow: 185 

𝛾 =
1 + √1 +

4
3

𝐴

4𝐴
 186 

�̂� =
�̅�

𝛾
 187 

𝐴 = lg�̅� −
1

𝑛
∑ lg

𝑛

𝑖=1

𝑥𝑖 188 

Where, 𝑥𝑖 is the cumulative precipitation series in a certain time scale. 𝑛 refers to the 189 

number of the precipitation series sample. �̅� refers to the average of the precipitation 190 

series sample.  191 

Suppose the precipitation 𝑥0  at a certain time scale, the probability that the 192 

random variable 𝑥 is less than 𝑥0 is: 193 

𝑃(𝑥 < 𝑥0) = ∫ 𝑓(𝑥)𝑑𝑥
𝑥0

0

 194 

Since the domain of the gamma function does not include the case of 𝑥 = 0, while 195 

the actual precipitation may be 0, the piecewise probability distribution is then: 196 

𝑃(𝑥) = {

𝑃0 + (1 − 𝑃0)𝐹(𝑥)         𝑥 > 0
𝑚 + 1

2(𝑛 + 1)
                          𝑥 = 0

  197 

Where, 𝑃0 refers to the historical ratio of periods with zero precipitation. 𝐹(𝑥) is the 198 

probability distribution for samples with detectable accumulated precipitation. 𝑛 and 199 

 𝑚  represent the number of samples and the number of samples where total 200 

precipitation equals zero. 201 

Next, the gamma probability distribution is normalized: 202 

𝑃(𝑥 < 𝑥0) =
1

√2𝜋
∫ 𝑒−

𝑧2

2 𝑑𝑥
𝑥0

0

 203 

Finally, we can get the SPI value: 204 
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𝑆𝑃𝐼 = 𝑧 = 𝑆
𝑐0 + 𝑊 − 𝑐1𝑊 − 𝑐2𝑊2

1 + 𝑑1𝑊 + 𝑑2𝑊2 + 𝑑3𝑊3
 205 

𝑊 = √ln
1

𝑃2
   {

𝑃 = 1 − 𝐹(𝑥)   ,    𝑆 = −1      𝐹(𝑥) ≤ 0.5 
𝑃 = 1 − 𝑃   ,    𝑆 = 1               𝐹(𝑥) > 0.5 

 206 

Where, the constants are 𝑐0= 2.515517, 𝑐1=0.802853, 𝑐2=0.010328, 𝑑1= 1.432788, 207 

𝑑2=0.189269, and 𝑑3=0.001308. 208 

Based on the commonly used monthly SPI, we developed daily SPI in different 209 

time scales (1-month, 3-months, 6-months, 9-months and 12-months) by the method 210 

described above. Referring to the classification standard of meteorological drought in 211 

China, SPI is divided into 9 categories as shown in Table 1. 212 

 213 

 Table 1 Drought classification of different grades based on SPI. 214 

Categorization SPI values 

Extremely Wet SPI≥ 2 

Severe Wet 1.5 ≤SPI< 2 

Moderate Wet 1 ≤SPI< 1.5 

Mild Wet 0.5 <SPI< 1 

Normal -0.5 ≤SPI≤ 0.5 

Mild Drought -1 <SPI< -0.5 

Moderate Drought -1.5 <SPI≤ -1 

Severe Drought -2 <SPI≤ -1.5 

Extremely Drought SPI≤ -2 

 215 

2.3 Theory of Runs 216 

Based on SPI index and run theory, drought characteristics were analyzed. A run 217 

in run theory is an unbroken sequence of similar events in a given ordered sequence of 218 

two or more types of symbols (Wu et al., 2021). A drought event generally has four 219 

drought characteristics: duration, severity, intensity, and frequency (Ashrafi et al., 2020). 220 

The determination method of similar events is whether SPI is within the same specified 221 
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threshold. Drought duration refers to the duration of a certain level of drought event 222 

from the beginning to the end. Drought severity refers to the sum of SPI during drought 223 

events. Drought intensity is the average value of SPI in a certain level of drought event, 224 

and equal to the drought severity divided by the drought duration. The total number of 225 

drought events in a certain period is defined as drought frequency. Fig. 2 shows the 226 

definition and relationship between drought events and their attribute characteristics. 227 

 228 

 229 

Figure 2. Schematic diagram of drought levels. Different colors represent different 230 

levels of drought and wet events. 231 

 232 

In addition, we used three typical stations as examples to analyze the 233 

characteristics of drought events in different regions. As shown in Fig 1, the three 234 

typical regional sites include site 53898 in the Henan, site 56856 in Yunnan, and site 235 

58847 in Fujian. In order to better compare and analyze the characteristics of drought 236 

events at China, we took the 3-month scale as an example to calculate the annual total 237 

drought intensity (ATDS), annual total drought duration (ATDD), and annual total 238 

https://doi.org/10.5194/essd-2021-105

O
pe

n
 A

cc
es

s  Earth System 

 Science 

Data
D

iscu
ssio

n
s

Preprint. Discussion started: 22 April 2021
c© Author(s) 2021. CC BY 4.0 License.



14 
 

drought frequency (ATDF) of all sites (Wang et al., 2021b). 239 

 240 

2.4 Statistical methods 241 

We used the Theil-Sen (TS) method to estimate the long-term trend of the ATDS,  242 

ATDD, and ATDF in all stations. The TS estimator selects the median of the slopes of 243 

all straight lines for two-dimensional sample points to estimate the trend (Theil, 1992; 244 

Sen and Kumar, 1968). It is proven to be a robust method for monitoring trends in time 245 

series and not strongly affected by abnormal values (Ren et al., 2020). Then, the 246 

Mann–Kendall (MK) method was used to test the significance of the long-term trend 247 

of the ATDS,  ATDD, and ATDF in all stations. As a nonparametric test method, MK 248 

does not require the data to obey normal distribution (Mann, 1945; Kendall, 1948). The 249 

TS estimator and MK method have been widely used in many fields, such as water 250 

environment, ecological remote sensing, climate change and so on. (Zhai et al., 2020; 251 

Cai et al., 2020). 252 

 253 

3. Results  254 

3.1 Analysis of drought characteristics of typical stations 255 

Fig 3-5 shows the SPI time series curves at the station 53898 (Henan), 58847 256 

(Fujian), 56856 (Yunnan) from 1962 to 2018 at different time scales. In general, the 257 

shorter the time scale, the more sensitive the SPI is to short-term precipitation, and the 258 

greater the range of SPI value changes. Periodic changes in the SPI value can be 259 

observed in the curve of a shorter time scale. The peaks of the curve are mostly 260 

concentrated during the rainy season from April to September each year.  261 
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Fig 3 shows that the station 53898 (Henan) experienced severe drought disasters 262 

in 1965, 1966, 1978, 1986, 1992, and 1993, which is basically consistent with the 263 

drought disaster events recorded in the Henan Volume of the Chinese Meteorological 264 

Dictionary. According to records, the drought disasters that occurred in Henan Province 265 

from 1965 to 1966 were extremely serious, causing rivers and wells to dry up. The 266 

precipitation in the northern part of Henan where the station 53898 was located was 267 

reduced by more than 60% compared with the normal annual precipitation. Similarly, 268 

in Figure 3, we can also find that the station 53898 showed extreme drought from 1965 269 

to 1966, and the SPI value once reached an abnormal value of -3. 270 
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 271 

Figure 3. SPI curves of different time scales at station 53898 (Henan) from 1962 to 272 

2018. 273 

 274 

According to the Yunnan Volume of the Chinese Dictionary of Meteorological 275 

Disasters, the years of severe drought in Yunnan from 1949 to 2000 include 1963, 1987, 276 

1988, 1992, and 1998, where Fig 4 shows the trough of the SPI curve. In addition, 277 
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unlike the station 53898, extreme drought events at the station 56856 mostly occurred 278 

after 2000. According to the China Meteorological Disaster Yearbook from 2004 to 279 

2018, Yunnan Province experienced severe droughts from 2003 to 2004 and from 2009 280 

to 2013. Similarly, the multi-scale daily SPI in Fig 4 also monitored the same drought 281 

event. 282 

 283 
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 284 

Figure 4. SPI curves of different time scales at station 56856 (Yunnan) from 1962 to 285 

2018. 286 

 287 

Compared with Yunnan and Henan, Fujian has plenty of rainfall, but droughts still 288 

occur frequently. As shown in Fig 5, the SPI curve at the monthly scale was greatly 289 
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affected by short-term precipitation, and no obvious drought phenomenon was detected 290 

at the station 58847 (Fujian). However, the SPI curves of 3-month, 6-month, 9-month 291 

and 12-month time scale all showed that there were drought phenomena of different 292 

degrees in 1963, 1977, 1971, 1970, 1980, 1983, 1986, 1991, 1995, 2003 and 2004. This 293 

is identical to the records of China Meteorological Disaster Dictionary and China 294 

Meteorological Disaster Yearbook. 295 
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 296 

Figure 5. SPI curves of different time scales at station 58847 (Fujian) from 1962 to 297 

2018. 298 

 299 

3.2 Spatial Distribution of Drought Characteristics  300 

Fig 6 shows the spatial distribution of variables ATDS and its trends of 484 stations 301 

in mainland China. The lower the ATDS value, the stronger the drought severity 302 
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accumulated over the years and the more severe the drought suffered by the station. The 303 

ATDS values of most stations are concentrated between -130 and -121. The Xinjiang 304 

region in northwestern China and the provinces of Hebei and Shanxi in the central part 305 

of China suffered more severe droughts, with The ATDS values between -155 and -526. 306 

In general, the drought in northern China is more severe than in the south. However, 307 

compared with other areas in northern China, the drought in Heilongjiang and Jilin in 308 

the northeast is relatively mild (Fig 6a). The multi-year trend of variable ATDS in the 309 

study area is not very significant. The drought in Xinjiang, Qinghai and other places in 310 

northwestern China has eased, and the trend value is more than 30, P<0.05 (Fig 6b). 311 

 312 

 313 

Figure 6. (a) The distribution of ATDS in the study area. (b) The distribution of the 314 

changing trends of ATDS (“***” means P-value < 0.001, “**” means P-value <0.01, 315 

and “*” means P-value < 0.05). 316 

 317 

The variable ATDD represents the duration of the annual average drought event at 318 
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each station, and has similar spatial distribution characteristics to the variable ATDS. 319 

Among them, the ATDD value of some stations in the Xinjiang region of northwestern 320 

China ranges from 196 to 279. Even in the southern regions with abundant rainfall, the 321 

ATDD values of most stations are between 103 and 112, which shows that most sites 322 

are suffering from drought (Fig 7a). In addition, the multi-year trend of ATDD shows 323 

that the drought duration of some stations in the southwest, southeast and northeast 324 

regions of China has been significantly reduced, while the drought duration of some 325 

stations in the central and southwestern regions has increased significantly (Fig 7b). 326 

 327 

 328 

Figure 7. (a) The distribution of ATDD in the study area. (b) The distribution of the 329 

changing trends of ATDD (“***” means P-value < 0.001, “**” means P-value <0.01, 330 

and “*” means P-value < 0.05). 331 

 332 

As shown in Fig 8, the spatial distribution pattern of variable ATDF is different 333 

from ATDS and ATDD. The frequency of drought in some stations in the Xinjiang 334 

https://doi.org/10.5194/essd-2021-105

O
pe

n
 A

cc
es

s  Earth System 

 Science 

Data
D

iscu
ssio

n
s

Preprint. Discussion started: 22 April 2021
c© Author(s) 2021. CC BY 4.0 License.



23 
 

region of northwest China is not high with a low ATDF, while the stations in the 335 

northeastern and southwestern regions show a higher frequency of drought events and 336 

higher ATDF values. Combining the characteristics of the ATDS and ATDD variables, 337 

we can see that the drought events at some stations in the Xinjiang region of northwest 338 

China are characterized by high severity, long duration but low frequency, while the 339 

drought events at some stations in the northeastern region are characterized by low 340 

severity, short duration but high frequency (Fig 8a). In general, the multi-year trend of 341 

ATDF is not significant (Fig 8b). 342 

 343 

 344 

Figure 8. (a) The distribution of ATDF in the study area. (b) The distribution of the 345 

changing trends of ATDF (“***” means P-value < 0.001, “**” means P-value <0.01, 346 

and “*” means P-value < 0.05). 347 

 348 

4. Discussion 349 

SPI is the most commonly used indicator worldwide for detecting and 350 
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characterizing droughts, because it requires fewer parameters to calculate and can better 351 

reflect drought intensity and duration on different time scales (Yang et al., 2019). SPI 352 

has been applied in many fields such as ecology, meteorology, agriculture, water 353 

conservancy and so on (Kumar et al., 2021; Javed et al., 2021). But the previous SPI 354 

can’t monitor the drought below one month scale, and can’t accurately identify the exact 355 

time of drought events. Therefore, based on the commonly used monthly SPI (Stagge 356 

et al., 2015) and the daily SPEI algorithm in our previous study (Wang et al., 2021b), 357 

we developed the new daily SPI dataset, which makes up for the lack of previous 358 

monthly SPI. In addition, the selection of parameter probability distribution is the key 359 

to calculate SPI, because the appropriate parameter probability distribution can improve 360 

the accuracy of SPI monitoring drought events (Sienz et al., 2012). We used the gamma 361 

probability distribution, which was validated in Europe and will be verified in a larger 362 

area in the future, to calculate the SPI (Stagge et al., 2015). 363 

To verify the validity of our daily SPI dataset, we selected three typical stations in 364 

different regions, including 53898 (Henan), 58847 (Fujian), 56856 (Yunnan), and 365 

analyzed the characteristics of drought events at different stations and different time 366 

scales. The results show that the SPI curve of a longer time scale captured drought 367 

events lasted longer, which mainly because that the long-time scale SPI curve was not 368 

sensitive to short-term precipitation. In short, the drought events captured by the new 369 

SPI we developed were consistent with those recorded in the Chinese Disaster 370 

Dictionary and the Chinese Disaster Yearbook, and can be applied to drought research 371 

in many different fields such as meteorology, agriculture, hydrology, and society. 372 
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SPI of different time scales is closely related to different types of drought (1-month 373 

timescale vs. meteorological drought, 3-6-month timescale vs. agricultural drought, 12-374 

month timescale vs. hydrological drought, and 24-month timescale vs. socioeconomic 375 

drought) (Vicente-Serrano et al., 2010a). We took the 3-month time scale SPI, which 376 

characterizes soil and agricultural droughts, as an instance to analyze in detail. The 377 

results show that the characteristics of drought events in mainland China did not 378 

increase significantly, while some stations in the northwest, northeast and southeast 379 

regions showed signs of drought reduction, which is identical to previous studies (Cai 380 

et al., 2020; Han et al., 2020). Although there was no obvious drought intensification 381 

or mitigation in Hebei, Shanxi and other places in central China, the drought was 382 

serious. Moreover, this region is the food production base of China, and further 383 

attention should be paid to drought disaster in this region to avoid serious impact on 384 

agricultural production. According to our 3-month scale SPI dataset, the characteristics 385 

of drought events in northwest Xinjiang were completely opposite to those in Northeast 386 

China, which have been reported in the past (Cai et al., 2020; Khan et al., 2020). The 387 

causes of different drought events in different regions may be related to location, 388 

topography, climate and other factors (Liu et al., 2021), which need to be further 389 

analyzed and discussed with more data in the future. 390 

In short, drought has a profound impact on human beings, and modern societies 391 

are less inclined to accept the conventional risks of drought, so it is necessary to make 392 

as accurate an assessment and monitoring of drought as possible. The estimation of 393 

drought will continue to occupy the attention of ecologist, meteorologist, hydrologist, 394 
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etc. The new daily SPI data we developed is able to effectively identify multiple types 395 

of drought and accurately capture the beginning and end of drought events. It can 396 

provide data base and conclusion reference for the research in related fields that 397 

mentioned before.  398 

 399 

5. Data Availability 400 

The new daily SPI data set developed by us contains SPI values of five time scales 401 

(1-month, 3-month, 6-month, 12-month, 24-month) from 484 weather stations in 402 

Chinese mainland from 1961 to 2018. The daily value SPI of each time scale was stored 403 

in a separate folder in csv format. All daily SPI dataset, including the data description, 404 

can be freely accessed through figshare (Wang et al., 2021a), and available at doi: 405 

doi.org/10.6084/m9.figshare.14135144.  406 

 407 

6. Summary 408 

Using multi-year daily precipitation data from 484 stations in mainland China, 409 

combined with the commonly used monthly SPI algorithm, a daily SPI data set was 410 

established for the first time. Our research fills the gaps in daily SPI research and makes 411 

up for the lack of monthly SPI in capturing short-term droughts. The research results 412 

showed that the drought events detected by our new daily SPI were consistent with the 413 

records. Taking the 3-month time scale of SPI as an example, the spatial distribution 414 

characteristics of drought events at each site were also consistent with the results of 415 

previous studies. In short, the new daily SPI data can be applied to various types of 416 
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drought research (meteorological drought, agricultural drought, hydrological drought). 417 

In addition, we will make the new daily SPI data set freely available to the public, 418 

hoping to provide a convenience to researchers in different fields. 419 
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