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The Study of Beijing’s Rainstorm Division and Its Return Periods

MA Jingjin LI Shuyan WANG Ji
Beijing Regional Climate Centre, Beijing 100089

Abstract: In this paper, the precipitation data at Beijing Observatory from 1841 to 2008, and the rainfall
data at 20 meteorological stations and 82 rainfall stations for nearly five decades, are used to analyze the
spatial and temporal variations of the precipitation in Beijing at different subregions, and the rainfall data-
by-minute are used by the Generalized Pareto Distribution (GPD) method to analyze the short-duration
rainfall in Beijing at different return periods. The results have shown that: Beijing has two rainy periods of
1871—1894 and 1947 — 1960 and two dry periods of 1853 —1870 and 1992 — present. From the 1970s to
1980s, the heavy rainfall in Beijing mainly occurred in urban area. After the 1990s, the short duration of
heavy rainfall displayed the local characteristics of the uneven distribution, and heavy precipitation centers
roughly changed to a southwest-northeast banded distribution. According to the rainfall spatial distribution
and EOF analysis, the rainfall region can be divided into four subregions, i. e. mountain areas, urban cen-
ters, northeast mountains and southeast plains. The result of rainfall in different return periods is close to
the existing drainage specifications, which means that the simulation results of return period are reliable.
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Fig. 1 The precipitation anomaly percentage

of Beijing and its 11-year moving average

ML MAR 4G 1941—2008 4 10 min & 5 K&
AR (& 2) AT LU L 10 min 4 55 KRR
AR PR IA) 22 S 8K L i R 2 TR 20 48 50
FERR R 60 F£4UH A 80 4£40, Horr, 1944,1957
F1 1959 4F £ &, 10 min Wi H 7E 28 ~35 mm Z [A],
90 AEARHT 2 4, 10 min 4 fig K FT i 52 /) 1)
B, 19992008 4 10 min - 348 f K B R A AL
13,7 mm, WHAEERD T 175,

40

351
g 30+

——10 minfFekPENR — FHE

20073

Bl 2 WMEH 19412008 4
10 min fig KRR 522 4k
Fig. 2 The annual maximum 10 min
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Fig. 3 The annual maximum 60 min
rainfall trend at Beijing

Observatory during 1941—2008
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Fig. 5 The distributions of annual mean
precipitation (unit:mm) in Beijing averaged over

(a) 1981—1990, (b) 1991—2000 and (¢) 2001 —2008
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Fig. 6 The spatial distributions of maximum 60 min
rain intensity (unit; mm * h™') in Beijing for
different decades: (a) 1971—1980, (b) 1981—1990,
(¢) 1991—2000 and (d) 2001—2008
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eigenvectors of the 1971—2008 annual

flood season rainfall EOF analysis
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Fig. 9 The schematic deiagram of the

4-subregion precipitation in Beijing

1 ENXBEWESIT (LA mm)
Table 1 Rainfall statistics in 4
subregions of Beijing (unit; mm)
F- X I T I X I X VKX
60 min 23.3 37.9 34.1 34.7
1440 min 66.0 96. 1 92.1 88.4
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Fig. 10 The 5 min rainfall fitting results with the GPD method in terms of (a) probability,

(b) quantile, and (c¢) return period level
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Fig. 11 Same as in Fig. 10, but for the 120 min rainfall fitting results
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B R FE A7 AE (8] 11D, MEHRLER

N7 BT A 58 7 % (Kolmogorov-Smirnov) ™ AR 2 TR 43 IX 4538 - T GPD 5 i2: WA b st

xf GPD R 7 K 0 5 55 R A UL 10 59 1 52 MLATEHHES
FBOE BRI 2 B 5 . FHITK S i A F GPD #H AL BERE

D,.. = max ‘ S,(x) —F,(x) ‘ 1) Table 2 The fitting test of different duration
KHF,S, (2) N n IR WEL FEHLAE A 082X 1 B2 R rainfall at Beijing Observatory with GPD method
TBER 3 A bR BV 22 55 43 A bR B o A 5 ) 2R Dot jmin RN RORARRC TR
BB AN 6650 BSR40 A B, A B — A M o o o
ERUL, S, ()5 Fo (o) 22 5 AR /N 0 36 B 22 56 7 A 60 0.04 0. 99 0.01
BR34BT AR 120 005 0 oo

720 0.03 0. 99 0.01

H12 2 "] DL . GPD J5 i % 4% Dy i W A 85 I

®3 UREARIMNERHKEME (LA mm)

Table 3 Precipitation in Beijing Observatory return period of different duration (unti: mm)

Eﬂﬁ/mi%mgﬂ/a 2 3 5 10 20 50 100

5 9.519 9.985 10. 805 11.958 13.584 17.394 23.002
10 15. 253 16. 893 18. 809 21. 465 24.533 30. 210 37. 216
15 19.520 21.551 23.902 27.105 30. 697 37.053 14. 568
20 22.784 25. 448 28. 392 32. 340 36. 648 42,929 67.137
30 33.678 38. 674 44. 426 52.129 60. 567 74. 901 91.146
15 34.583 10.710 47. 800 57. 456 72.278 87. 404 109. 991
60 38. 968 44,773 52. 239 63. 363 71.156 111. 244 133.803
90 44. 409 52. 822 62. 636 76. 211 91. 834 120. 585 155. 890
120 47.521 55.713 64. 457 79. 443 96. 500 130.519 175. 274
150 19. 981 58. 654 69. 022 84. 040 102. 608 140. 288 180. 539
180 53.029 61.772 72.218 87. 334 105. 997 143.799 194. 141
240 57. 642 67.512 79.772 97.165 118. 013 158. 643 211. 39
360 62. 433 71.768 82. 873 98. 817 118.102 157.103 208. 215
720 73.567 86. 201 101. 560 121. 601 143. 426 180. 205 221,525

1440 82.419 100. 51 121. 369 149. 568 180. 781 234. 827 297. 343
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