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Tab. 1 Division table of drought grades
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Tab. 2 Characteristics of precipitation and temperature in each study area from 1960 to 2018

E=ST] X F-HJ R K o/ rom e A/ (mm e (07 JRE/C brifEs ARk (C - Qo aH
S X 31.23 2.69 —0.585* —6.01 1.47 0.50*
K% TR 52. 05 4,35 —1.778* —5.23 1. 41 0. 41
FEFBLL X 77.19 1.68 —1.365* —6.43 1.26 0. 41*
Gl X 108. 45 6.99 —1.978* 10. 81 1.17 0.49*
HZ TR 159. 68 8.93 —0.070** 10. 21 1. 07 0. 40
MR LX 240. 98 10. 59 —4. 2607 7.45 1.01 0. 36
FlHEHEX 40. 55 14.11 0. 438 22. 46 0.78 0.30*
®E TR 69. 33 17.51 —2.597 % 21. 29 0.78 0.27%
MRLIX 106. 90 25.95 —6.160" 17.76 0. 80 0.297
G HEHEX 3. 15 7.27 0. 367 * 8.93 0. 89 0.32*
K& TR 6.33 9. 95 0. 697 8.56 0. 90 0.33%
R ER L X 8.96 14. 27 1. 145 6.25 0. 85 0. 32
X 183. 38 51.45 —0. 460" 9.05 0.83 0. 407
EH) TR 287. 40 73. 80 —2. 200 8.71 0.78 0. 35"
MERILIX 434,02 96. 96 —5. 400 6. 26 0.77 0. 35"
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Tab. 3 The years of moderate drought, severé drought,and extreme drought occurred in each study area

g 5l EHEX R it MEBLLIX
e 1964.1971,1981.,1999,2012 1964.1986.,2005 1968.1970,1971,1985,1990,1996.2008
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HE 2004 1981 Toke B4y
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Tab. 4 Comparison of annualidrought intensity in each study area

AR 71 X T MRLLIX
1961—1970 1,030 0. 990 1.150
1971—1980 1. 470 1.170 0. 820
19811990 0. 990 1. 020 1. 200
1991—2000 0. 880 0. 810 0. 850
2001—2010 1. 040 1. 100 0. 920
2011—2018 1. 240 0. 680 1. 000
A/ (10 ) —0. 046 —0. 047 —0. 023
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R5 EMRAREEMETEREZENILR
Tab. 5 Comparison of drought intensity in spring, summer,autumn,and winter in each study area
P 5| HE X T Ea HHBIL X
e =2 8 % # =2 7.8 % & =2 % %
1961—1970 1. 220 1. 010 1. 030 1. 060 1. 060 1. 270 0.770 0.960 1. 250 1. 130 0.700 1.170
1971—1980 0. 810 1.210  1.040 0. 860 0. 720 1. 140 1.120 1.440 1. 010 1. 100 1.280 0. 890
1981—1990 0. 830 1.130  1.220 0. 900 1. 020 1. 170 1.460 1.340 0. 790 1. 350 1.070 1.320
1991—2000 1. 430 0.790  0.940 1. 030 1. 350 1. 060 0.900 1.130 1. 180 0. 970 1.040 1.560
2001—2010 0. 870 1.270  0.850 0. 970 1. 050 1. 240 0.920 1.080 1. 320 0. 870 0.890 1.030
2011—2018 1. 140 0.980  1.340 0. 940 0. 820 1. 010 0.870 1.010 0 1. 810 0.970 1.060
B/ (10 a) 0.028 —0.004 0.014 0.005 0.068 —0.282 —0.149 0.020 0.044 —0.005 —0.062 0.032
Ak B4 Wb B e e Wb Wb Hm Hm W Yoy e
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Drought characteristics in Ningxia based on standardized precipitation index
WANG Jie! ,L.I Wangcheng!** , LI Chen' ,DONG Yaping' ,ZHAO Guangxing' , XU Tianyuan', LI Zhuan'
(Ls'School of Civil and Hydraulic Engineering , Ningxia University ,Yinchuan 750021,China;
2. Engineering Technology Research Center of Water-Saving and Water Resource Regulation in Ningxia ,
Yinchuan 750021 ,China;3. Engineering Research Center for Ef ficient Utilization of Modern Agricultural
Water Resources in Arid Regions ,Ministry of Education ,Yinchuan 750021 ,China)

Abstract: Under the background of global warming,drought has become the foremost disaster endangering agricultural and ani-
mal husbandry production.thus it has an increasingly negative impact on human life. Ningxia is in the arid and semi-arid area,
and has limited water resources and fragile ecology due to its unique climate. At present,studies on drought are mainly conduc-
ted in southwest China, the Yangtze River and Yellow River basins,and many provinces in China, while few in Ningxia, which
has been threatened by water shortage and drought for decades. Therefore, it is of great significance to clarify the spatiotemporal
variation characteristics of drought in Ningxia.

The standardized precipitation index (SPD) was used as the drought index, and the drought frequency and the drought in-
tensity were used to evaluate the drought characteristics. Based on the distribution probability of precipitation during a certain
period, SPI carries out the normal standardization processing. Then, the cumulative frequency distribution of standardized pre-
cipitation is used to divide the drought grade of the northern Yellow River irrigation area, the central arid zone and the southern

mountainous area. The drought frequency is the frequency of drought occurring during the study period, while the drought in-
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tensity is an important index to evaluate the severity of drought. The drought frequency and the drought intensity were analyzed
and evaluated at seasonal and annual scales in each study area of Ningxia.

The results show that the variation trend of temperature and rainfall of different regions in spring, summer, autumn, and
winter from 1960 to 2016 is almost the same; the inter-annual variation difference of temperature is not obvious, the distribution
of temperature is not uniform, but the overall trend of warming and drying appears. In the autumn of 2004, a drought event hap-
pened in the Yellow River irrigation area, where the SPI index reached 2. 43 and the frequency is 1. 72% ;in the winter of 1998,
a drought event happened in the arid zone, where the SPI is 2. 98 and the frequency is 1. 72%. In the spring of 1994, the summer
of 1981, the 1971, the autumn of 1985, and the winter of 1998, drought events happened in the southern mountain area, with the
SPI value of 2.17,2. 11,2. 61,2. 20, 3. 25,and the frequency of occurrence of 77. 59%,10. 34%,5. 17%,5.17% and 1. 72% , re-
spectively. For the SPI in the regional scale during the study period, the count of excessive drought events in the Yellow River
irrigation area, the arid zone and the southern mountainous area increased. For the SPI value in the time scale. the frequency of
excessive drought events decreased in recent years. According to the analysis and calculation of the annual and quarterly drought
intensity in each region, the annual drought intensity fluctuated between 0. 68 and 1. 47. The times of drought intensity greater
than 0. 5 were 28,29,and 27 times, respectively; the average drought occurred in 2. 07 years,2 yearssand 2. 1 years. From the
perspective of seasonal scale, there are certain differences in different regions and different seasons.

The spatial and temporal distribution of rainfall and temperature in Ningxia was uneven.and the inter-annual difference was
obvious. The annual rainfall had a significant decreasing trend; the seasonal rainfall had an overall"decreasing trend but a rising
trend in winter and autumn of the irrigated area along the Yellow River. The average annual temperature and seasonal tempera-
ture showed an increasing trend. The annual drought was more frequent and lasted longer in the northern Yellow River irriga-
tion area, the central arid zone,and the southern mountainous area;the drought intensity showed a decreasing trend. The years
with the highest intensity were 2004,1981,and 1981, respectively. In the three regions, the seasonal scale drought showed a de-
creasing trend in summer, autumn of the arid zone and southern mountainous area, while the rest showed an increasing trend.
The decreasing degree of drought in summer and autumn was attributed to the fact that most of the rainfall was concentrated in
summer and autumn,and the rainfall frequency was more frequent in‘recent years. The seasons with the greatest drought inten-
sity in the three regions were the summer of 2007, spring of*1994%and winter of 1998.

Key words: meteorology; precipitation; temperature; drought;standardized precipitation index
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