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Abstract The objective analysis of the frequency and risk of heavy rainfall can provide scientific basis for disaster prevention
and mitigation planning and disaster warning. In this study, the Copula methodology is applied to establish a bivariate Copula
distribution model for heavy rainfall variables, i. e. the duration and accumulated precipitation, based on hourly rainfall data
collected at 18 rain-gauge stations in Beijing during the period from 2005 to 2014. The conditional return period is then calculat-
ed and the risk of heavy rainfall is analyzed. These analyses demonstrate that the duration of heavy rainfall is less than 24 h in
Beijing. which mainly follows the generalized extreme value (GEV) or logarithmic normal (LN) distributions, while accumula-
ted precipitation is fitted to the GEV distribution in most stations. The Gumbel Copula is identified to be appropriate for descri-
bing the relationship between rainfall duration and accumulated precipitation for most gauges. The return period of short-dura-
tion rainfall is significantly influenced by the factor of duration in Beijing, which will result in the underestimation of heavy
rainfall risk when only the factor of precipitation is considered. However, it is found that the conditional return period based on
the bivariate Copula can comprehensively describe the property of heavy rainfall frequency and corresponding hazard risk. The
heavy rainfall events with a duration less than 12 h and an accumulated precipitation of more than 50 mm often occur in an area
extending from the northeast to southwest of Beijing, while the heavy rainfall events with duration less than 6 h and an accumu-
lated precipitation of more than 50 mm occur more frequently in urban area and the northeastern area of Beijing.
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Table 2 Three candidate families of Copulas and their parameter space
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Table 3  Statistics of heavy rainfall events in Beijing during May — September of 2005 — 2014

TR PR e r— G 1AL LL Kendall B 1 % 3
R/ME KA -4 fH /ME R E Rkl
S01 i L 33 2 19 6 17 242 50 0.75
S02 e 42 1 23 6 16 239 44 0.57
S03 ViRl 21 1 15 4 16 78 30 0.58
S04 N 46 1 18 5 15 204 46 0.65
S05 =S 32 1 26 6 16 154 45 0.69
S06 a7 30 1 17 4 15 111 33 0.48
S07 T4 41 1 16 5 15 220 39 0.67
S08 3 38 1 16 5 15 171 39 0.63
S09 ] FH 37 1 15 5 19 223 45 0.41
S10 =R 19 1 18 6 19 144 51 0. 62
S11 kA 17 1 14 5 17 91 34 0.72
S12 [Tk 35 1 24 6 16 305 49 0.72
S13 WMH4E 35 1 16 4 16 160 37 0.62
S14 Vep-il 45 1 17 5 18 292 44 0.58
S15 e 39 1 18 5 15 244 41 0.65
S16 K 36 2 16 5 15 185 39 0. 56
S17 B Ll 33 1 17 5 15 254 41 0.58
S18 [P 26 1 31 6 15 338 51 0.65
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Table 4 Parameters of the fitted CDF and the results of K-S test

Wl RRENE o MERAR
Sr A D, P { ZHE Sy A D, P g ZHMH
WX i 0.18  0.23 a=6.54,8=1.44 JUSARAE 0.08  0.97 £=0.65,6=12.72,;,=29. 00
wiE  WHGES  0.11 0 0.61 ©n=1.52,6=0.60 JUSCRAE 0.07  0.97 £=0.40,6=11.82,;,=29. 14
G XA 0.19  0.39 £=0.23,6=1.5,p=2. g 0.17  0.51 «=4.63,3=6.44
#wx MEUEER 0.11 0 0.54 p=1.49,6=0.65 JUSRAE 0.08  0.92 £=0.55,6=13.62,,=27.72
W& OMHIES 011 0.75 1=1.37,6=0.82 JOXAHRAE 0.10  0.84 £=0.61,6=12.11,;.=27.11
FfF OMHIES 019 0.22 ©=1.25,6=0.51 JTUXAHME 0.10  0.87 £=0.58,6=7.53,,=22.04
T4 XM 0.14 0.40 £=0.32,6=1.56,.=3. JUSRAE 0.07  0.96 £=0.62,6=9.50,,=23.51
M XMEES 012 0.61 1n=1.47,6=0.56 JUSCHRAE 0.08  0.96 £=0.38,6=10.99,,=26.77
B T XHR{E 0.11  0.70 £=0.14,6=1.97,.=3. JUXHAE 0.06  1.00 £=0.61,6=10.17,,,=28. 14
B TR 0.11 0 0.94 €=0.52,6=2.17.2=3. JUCHRAH 0.10 0.98 £=0.73,6=12.47,;,=29. 29
AT MEGES 016 0.72 p=1.24,6=0.81 MEOER  0.14  0.82 ©#=3.55,5=0.74
Pk UMM 0.15 0.37 £€=0.53,6=1.81,.=3. JUSRAE 0.07  0.98 £=0.78,6=11.64,u=25.47
WM E MMM 0.16  0.27 £=0.44,6=1.47,,=2. JUXHEAE 0.08  0.98 £€=0.73,6=8.61,,=22.85
AFl JTXRME 0.14 0.31 £=0.34,6=1.82,,=3. JUICHRAE 0.05  1.00 £=0.69,6=9.00,,=26.52
£ ST 0.16  0.27 £=0.41.6=1.57,p=2. JUXH M 0.10 0.81 £=0.83,6=9.40,=22.53
KX MWEIEZR 015 0.38 p=1.41,6=0.58 JTXAHAE 0.08  0.95 £=0.53,6=10.05,;. = 24. 82
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[ ) B2 0.15  0.51 a=1.57,3=3.78 MEGER 0.14  0.65 ©=3.55,6=0.74
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Fig.3 Comparisons of different CDFs of rainfall duration (a) and accumulated precipitation (b) for Miyun station

# 5 CvM KB 45 5 F % 2 5 f 7K — 58 Copula 31 S8
Table 5 CvM tests and parameters for the fitted Copulas
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Table 6 Accumulated precipitation for given conditional return periods and durations (mm)
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