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Copula Function-Based Flood Coincidence Probability Analysis
for Mainstream and Tributary of the Hanjiang River Basin
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Abstract; The Hanjiang river has been played an important role in economic and social development in
Guangdong Province. It is quite necessary to find out the characteristics, occurrences and the dynamic
rule of flood along this river for flood control and protection. In this paper, daily streamflow data from
three hydrological stations during 1959 —2000 were analyzed using the copula function to investigate the
probability behavior of the flood coincidence in the Hanjiang river basin. The flood characteristics were
defined as annual maximum daily flow, which were analyzed through the joint return periods, the coinci-
dence risk of flood magnitudes and conditional probability. Obtained results showed: (1) during the same
return period, the coincidence risk of flood magnitudes of Chaoan and Hengshan stations was bigger than
Chaoan and Xikou stations, and that of Hengshan and Xikou is the smallest. (2) the flood of the Meijiang
accounted for a larger proportion in Chaoan station than in the Tingjiang. (3) based on joint distribution of
the three stations, diverse streamflow combination could be obtained under certain joint return periods
and current return periods, as well as the probabilities of any streamflow combination.
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Fig. 1 Research area and hydrological station locations
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Table 1  The fittest results of the marginal distributions of the three stations
WA kS il BH
s P-I11 GEV EXP LOGN P-11T EXP GEV LOGN P-T1T EXP GEV LOGN
DK-S 0.0563 0.0575 0.1657 0.056 7 0.0857 0.0921 0.1498 0.090 3 0.1001 0.0946 0.1127 0.096 5
RMSE 0.0173 0.0175 0.0742 0.017 4 0.0346 0.0372 0.0788 0.036 5 0.0402 0.0357 0.0567 0.0371
PPCC  0.9965 0.9963 0.964 4 0.996 3 0.9852 0.9825 0.9524 0.983 1 0.983 0.9869 0.9729 0.9858
AIC  -334.7 6 -333.702 -214.466 -334.403 -276.53 -270.561 -209.435 -272.02 -263.901 -273.9 -237.117 -270.746
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Table 2 Parameter estimations of 2-dimensional and 3-

dimensional joint distributions of the three stations
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Fig. 2 The joint distribution of the three stations
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Fig. 3 The joint return period (a, b, ¢) and current return period (d, e, f) of Hanjiang Basin
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GEMW N S5. 4 a, FIMERLI R 72.5 a; W%,
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Mral s, 2R o, RS RNE O, DL
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H—FIWREK, BIP (Q >q), Q,>q) . P
(Q >‘I1T, 0, >‘]2T, Qs >(I3T> , HP QL 0,0 Q51
RPN, af .\ x . g5 2PMRE T 4F
—IBABOHEIEE K . F4 P T#EE . BLSER N
BEI 4 H] 2 1 000, 200, 100, 50, 20, 10 a 1§
DU BB BT P Z ] ) T B AR AR . S
Bl WSRO RS DR TR K
FOMER 352 0.073 1% , 0.046 5% . 0.028 4% ,
TEE 10 FE—B LR 7. 484 3% . 5.059 5,
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Table 3 Coincidence risk analysis of flood magnitudes of two stations %
il
Wink o WEBGHE/(w’ -7 EIMYVa
1 000 200 100 50 20 10
177 71 1 000 0.073 1 0.0984 0.0996 0.0999 0.1000 0.1000
154 01 200 0.0984 0.3659 0.4566 0.4883 0.4981 0.4995
. 143 24 100 0.0996 0.4566 0.7326 0.9143  0.9854  0.996 5
W% 132 01 50 0.0999 0.4883 0.9143 1.4687 1.8910 1.973 4
116 17 20 0.1000 0.4981 0.9854 1.8910 3.6978 4.6144
103 11 10 0.1000 0.4995  0.996 5 1.9734  4.6144  7.4843
W R <) T B
1 000 200 100 50 20 10
9914.6 1 000 0.0284 0.0515 0.0601 0.0675 0.0757 0.0812
8439.8 200 0.0515 0.1434 0.1953 0.2468 0.3092 0.3520
Bl 7775.8 100 0.060 1 0.1953 0.2898 0.3965 0.5382  0.6403
a 7 087.9 50 0.0675 0.2468 0.3965 0.5920 0.8919 1.127 8
6 128.6 20 0.0757 0.3092 0.5382 0.8919 1.5728 2.2210
5347.6 10 0.0812 0.3520 0.6403 1.1278 2.2210 3.457 4
I 1 T s—
9 032.8 1 000 0.0465 0.0775 0.0852 0.0905 0.0948 0.09 8
7 444.2 200 0.0775 0.2331 0.3108 0.3736 0.4299 0.4572
o 6 764 100 0.0852 0.3108 0.4683 0.6254 0.7863 0.868 8
B 6 084.8 50 0.0905 0.3736 0.6254  0.944 8 1.358 3 1.598 8
5183.7 20 0.0948 0.4299 0.7863 1.3583  2.4244 3.2776
4491.6 10 0.0968 0.4572 0.868 8 1.5988 3.2776  5.0595
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Table 4  Coincidence risk analysis of flood magnitudes of the three stations %
B#“o
AR AT a
ik L 1 000 200 100 50 20 10
1 000 1 000 0.024 3 0.024 4 0.030 2 0. 0371 0. 046 1 0.052 4
200 200 0.050 4 0.122 6 0. 1231 0.141 8 0. 160 4 0.202 0
100 100 0.059 1 0.193 8 0.247 9 0.259 4 0.267 3 0.344 7
50 50 0.065 4 0.239 4 0.384 6 0.506 3 0.5379 0.587 3
20 20 0.073 9 0.2773 0.522 1 0.863 4 1.3453 1.365 0
10 10 0.080 2 0.301 5 0.548 3 0.965 8 1.902 1 2.961 0
3.5 FHMESHRENH T 22wl e A e — T B A K, Bl R E )

YR VLI 22 ol A R T S — i B B kK
TV 1L 38 RV T VT8 3k A e — i oK
SRR 22K, XIS R VL stk 41 s
RN ke 2 HR A + o WM. RS
HIH T BV ZEnG & 42 1 000, 200, 100, 50, 20,
10 AFE—IB LK I, VIR sk VTR H b kR
AAVEIPOK SR, RS TR, 4

RAARE ISR T RetE S5 & A m s B K 1
AlRetEAE R R, IREIUIHOK A AT RETERS K B
Lyl 2 Az A% Tl i 0 ST Tk 7K 1) 2% (R ARE 36 L IR ol 22
K, WmElZe & A 1 000, 200, 100, 50, 20, 10 a
— B UK, B L e A TR AR R K ) SR A
Ak 73.11% . 73.18% . 73.26% . 73.43% .
73.96% . T4. 84% , & I3k KA R LK 17 5%

S5 OB . R OEE T AR K Y A R
Table 5  Condition probabilities of T-year flood coincidence of Chaoan and Hengshan station, Chaoan and Xikou station %
BRI AP P(Q > 00 | Q> 4.)
wisi  EHH/a AR EB a
1 000 200 100 50 20 10

1 000 73.11 98.4 99.58 99.89 99.98 100. 00
200 19.69 73.18 91.32 97.65 99.61 99.91
s 100 9.96 45.66 73.26 91.43 98.54 99. 65
W% 50 4.99 24.41 45.72 73.43 94.55 98.67
20 2.00 9.96 19.71 37.82 73.96 92.29
10 1.00 5.00 9.96 19.73 46. 14 74.84

B O AR P(Q, > g, | Q.>49.)

whia, HB/ A AN B a
1 000 200 100 50 20 10

1 000 46.46 77.45 85.24 90.47 94.78 96. 83
200 15.49 46.62 62.16 74.72 85.97 91.44
. 100 8.52 31.08 46.83 62.54 78.63 86.88
LS 50 4.52 18.68 31.27 47.24 67.91 79.94
20 1.90 8.60 15.73 27.17 48.49 65.55
10 0.97 4.57 8.69 15.99 32.78 50. 60
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A Ko [FBATARRE], 2ol R A R T —F B
AR IR, 8 LS54 1 it % Ao i Tt K ) P 25 A=
(8 2R A48 L KR 1L 5938 P ol 45 o B K G 5
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FRABLAE R ARSI
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1) Gl A = ROK ST A o3 A, mT L3R
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AEIHAFIEI T, AFRUK SOk H i
IRTREALG, RTRR VLI B K 4 R i AR
Bt 2 4 5 HoA oy R R e 5 BN (E

2) =Rk ek 22 el it Kl i 2 A M
AT I LK BB 2 G, 1 SR L AR
KFWLSGED, W% 5% 10858 RS TR 1L
RO YT STV & AR Ky, shyTig 4
3l B AR LT SR A

3) ZRIKSCH Z B AR R WL R
A= 1000, 200, 100, 50, 20, 10 a —BRIKMET,
gy S i T L/ DT R G < iU
73.11% , 1l A= a4 32 % koK i AT Re 1k 7E
46. 46% F1 50. 60% Z ], i B Mg VLAY 3t 4t 5 ) 4
S L E F VT VLR
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