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Drought Analysis of SPEI Based on Different

Evapotranspiration Evaluation Methods
——Taking Chifeng Area as An Example

LI Ying—hao', CHEN Tao—tao', CHI Dao—cai', JIN Ye?>, ZHANG Rui’

(I.College of Water Conservancy, Shenyang Agricultural University, Shenyang 110161, China; 2. Donggang Water Conservancy Bureau,
Donggang Liaoning 118300, China; 3. Jilin Agriculture Science And Technology College, Jilin Jilin 132101, China)

Abstract: The standard precipitation evapotranspiration index (SPEI) is calculated by the deviation between reference crop
evapotranspiration (ET) and precipitation for assessing the variability of dryness/wetness conditions. As an important index with
the characteristics of multi—scalar and multi—spatial in evolution trend analysis, SPEI has been widely used in drought evaluation
and water management. In order to evaluate the influence of different methods of ET, calculation to SPEIL, three commonly used
methods were compared in accordance to datasets from 6 meteorological stations of Chifeng area in the Inner Mongolia province
during the period of 1960 to 2015. The temperature and solar radiation as well as energy balance and turbulent diffusion—based
Penman—Monteith method (PM method) was used as a standard method to make multiple comparative analysis with Temperature—
based Thornthwait method (TW method) and solar radiation—-based Priestley—Taylor method (PT method), respectively. The results
showed as followed: Compared with PM method, the other two methods underestimated drought. TW method is closer to PM
method compared with PT method. Chi-square test showed the three methods were not significantly different when evaluating
frequency of different drought degrees. Compared with PM method, TW method and PT method had a weak response to drought,
thus weaken drought grade. With the increase of time scales, the quantity relationship between three methods of different drought
degree remained generally unchanged. When time scales were more than 3 months, different methods of SPEI showed more clear

regularity. When evaluating drought duration, the other two methods showed no significant difference with PM method. The
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average drought magnitude of PT method was significantly smaller than PM method, thus PT method underestimated the average

drought magnitude. However, TW method was not significantly different from PM method. Mann-Whitney U test showed TW

method is more consistent with PM method compared with PT method. Extreme drought and norm frequency of PM method were

larger than the other two methods in most of the time scales, while heavy drought and drought frequency of PM method were

much smaller than the other two methods. TW method had higher consistency with PM method

method and PM method (0.628, 0.279).

Key words: Thomthwait method; Priestley—Taylor method; Penman—Monteith method; SPEI
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Table 1 The base meteorological conditions of different meteorological stations
/C /mm /m ETymm
Station name Latitude and longitude Daily mean temperature Annual precipitation Altitude Annual ET,
Linxi 118°04'E,43°36'N 4.89 367.50 799.5 532.20
Wengniuteqi 119°01"E,42°56'N 6.43 347.81 634.3 613.44
Chifeng 118°56'E,42°16'N 7.50 364.08 568.0 594.90
Baoguotu 120°42'E,42°20'N 7.32 409.66 400.5 632.33
Chaoyang 120°27'E,41°33'N 9.14 469.94 169.9 698.71
Jianping 119°42'E,41°23'N 8.57 462.30 420.0 516.98
14 3 ET,
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Table 3 Chi-square test of drought frequency of SPEI-1 by three methods
Extreme drought Heavy drought Drought Norm Total
TW  TW method 0.000 0.033 0.118 0.062 0.213
PT  PT method 0.387 0.074 0.182 0.002 0.645
PM  PM method 0.395 0.212 0.008 0.044 0.659
Total 0.782 0.319 0.308 0.108 1.517
: X
Note: Data in the table is X* value.
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Figure 2 Different drought types frequency of different time scales in Chifeng area based on three methods
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Table 4 Variance analysis of different drought durations and drought magnitudes
in Chifeng area of 3 methods
Duration 1 2 3 4
TW  TW method 68.83* 10.67¢ 2.50° 0.17
Times of drought duration PT  PT method 77.67° 11.00° 2.50° 0.50
PM  PM method 75.00° 14.33¢ 2.33¢ 0.33
TW  TW method -1.4515" -2.8895* -4.1338* -5.46361
Mean drought magnitude PT  PT method -1.3266* -2.6196* -3.7264* -5.2628
PM  PM method -1.4515" -2.9359" -4.6722" -5.4202
5 3 Mann-Whitney U
Table 5 Mann—Whitney U test of different drought durations and mean drought magnitudes
in Chifeng area of 3 methods
Method Drought duration Mean drought magnitude
TW  xPT  TW method x PT method 0.616 0.860
TW xPM  TW method x PM method 0.964 0.353
PT  xPM  PT method x PM method 0.628 0.279
Mann-Whitney U s (p<0.01),
Note:Data in the table are Mann—Whitney U test coefficients, all are extremely significant(p<0.01).
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