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Empirical diagnostic analysis on spatial and temporal variations of
droughts in the Pearl River basin, China
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Abstract: Based on the multiple time scale index of standardization evaporation (SPEI) in the Pearl Riv-
er basin from 1961 to 2011, the spatial structure distribution and temporal variation characteristics of
drought in the Pearl River basin were analyzed by using the methods of rotating empirical orthogonal func-
tion decomposition, trend and mutation tests, wavelet spectral and wavelet global coherence spectral
analysis. The results show that: 1) The spatial distribution and temporal variation of drought in the Pearl
River basin are significantly different in the past 50 years; the number of drought events has been increas-
ing since the 1970s. The duration and intensity of drought events in the Pearl River basin have increased
significantly since the 21st century. 2) According to SPEI's REOF spatial decomposition, the Pearl Riv-
er basin can be divided into 6 spatial modes, and the load centers are located in the south Guizhou and
east Yunnan of the Dongjiang river basin in the north Guangxi, the southeast Guangxi, the southwest
Guangxi, and the south Guizhou and the east Yunnan, respectively. There is a general drought trend in

each region. The southern Guizhou and eastern Yunnan have become the drought center of the Pearl Riv-
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er basin. 3) The wet-dry variation in six zones has an oscillation period of 2-8 year El Nino variation.

Some regions show 11 year and 22 year change periods associated with sunspot activities, and the re-

sponse of each region to ENSO events is significantly different.

Key words: the Pearl River basin; standardized precipitation evapotranspiration index ; spatial and tem-

poral variation of drought; rotation of empirical orthogonal function; wavelet analysis; wavelet global co-

herence spectrum
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Fig. 2 The time oscillation of SPEI of the Pearl River basin
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Fig. 3  Spatial variation of the frequencies of drought among different decade in the Pearl River basin.
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Table 2 The frequencies of drought occurrence among different time scales and seasons in different decades
Ay AR/ A i B BRSO BRI FEY R GIES B REI
1961~1970 11.06 4. 69 1.01 16.76 11. 16 3.57 0.39 15.13
1971~1980 8.25 2.83 0. 05 11.13 9.76 5.11 0. 69 15. 56
1981~1990 3 10.75 5.09 0.31 16. 15 £z 6. 19 1.85 0.51 8.56
1991~2000 12. 31 4. 88 0.27 17. 46 9.39 5.82 0.26 15. 46
2001~2010 13. 64 6.77 1.13 21.54 10. 67 8.58 2.88 22.13
1961~1970 8.55 4.42 1. 49 14. 46 11.97 7.30 1.54 20. 81
1971~1980 6.51 2.03 0.02 8.56 9.05 4.38 0.10 13.53
1981~1990 6 10. 77 4. 49 0.45 15.71 Bz 18. 30 3.81 0. 08 22.19
1991~2000 9.76 5.36 0.58 15.70 10. 24 3.41 0.10 13.75
2001~2010 15. 81 7.09 1.00 23.91 10. 32 3.93 0.12 14. 36
1961~1970 9.46 6.99 1.38 17. 84 11.93 4.26 0.26 16. 45
1971~1980 4.55 0.56 0. 00 5.11 6.96 1. 14 0.00 8. 11
1981~1990 12 10. 68 2.62 0.09 13.39 FhZ= 10.24 3.41 0.02 13.67
1991~2000 10. 34 4.95 0.41 15.70 15.62 5.05 0.12 20.79
2001~2010 19. 26 7.78 1.36 28.39 19. 88 10. 24 0.26 30. 37
1961~1970 13. 46 7.19 0.12 20.78 13.31 2.25 1.30 16. 86
1971~1980 2.20 0. 08 0. 00 2.28 14. 14 3.24 0.00 17. 39
1981~1990 24 11.38 3.67 0. 00 15. 06 K7 15.52 3.95 0.00 19. 47
1991~2000 10. 74 4.36 0.31 15. 41 11. 66 4. 62 0.08 16. 36
2001~2010 21. 67 7.72 0.35 29.73 12.73 3.38 0. 46 16. 57
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Fig. 4 The first six modes of SPEI from REOF in the Pearl River basin
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Table 3  The contributions to total variance from the first six modes
B 1 2 3 4 5 6 LR TR /%

TR 51.6 15.3 7.1 5.9 3.2 2.8 85.8
ks s 17.0 15.7 15.7 15.5 11.6 10.3 85.8
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Fig. 5 The trend tests of first six time functions of SPEI from
REOF in the Pearl River basin
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Fig. 6 Wavelet power and variance spectra of the time functions of six regions
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Table 4  Significant oscillation periods of each partition
53X I I I
Jil#A/a 2.5 4.6 6.6 1.0 20.2 2.3 5.1 11.0  22.0 2.8 6.6 13.1  22.0
53X v Vv Vi
JE W /a 2.8 3.6 6.0 8.5 14.3 3.0 6.0 15.6 / 3.0 5.5 11.0 26.2
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Table 5 The telecorrelation between the temporal characteristic functions of each partition and MEI
IrIX I I I v \Y Vi
JEH/a 22 69 22 41 69 131 2.1 124 3.5 1.7 3.9 49
HHT AL 0.396 0.676 0.305 0.592 0.658 0.857 0.204 0.911 0.403 0.838 0.430 0.454
95% E{F/KF  0.205 0.567 0.209 0.386 0.573 0.855 0.202 0.779 0.334 0.785 0.348 0.412
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