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Analysis of flood coincidence law in Song-Li Region under non-consistency conditions//LONG Yuannan'?, HUANG
Chunfu'* , MO Juncheng’ , HUANG Cao'*, SONG Xinyi'*, YAN Shixiong'~*>, CAO Jinsong'*( 1. School of Hydraulic and
Environmental Engineering, Changsha University of Science and Technology, Changsha 410114, China; 2. Key Laboratory
of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha 410114, China;
3. Hunan Water Resources and Hydropower Survey, Design, Planning and Research Co. , Lid. , Changsha 410007, China)
Abstract: To study the flood coincidence law of the Lishui River and Songzi River, based on the measured mean daily flow
data at the Shimen Station in the Lishui River and at the Xinjiangkou Station and Shadaoguan Station in the Songzi River
from 1959 to 2020, a non-uniform GAMLSS model was used to optimize the marginal distributions of the annual maximum
flood peak and 7-day continuous annual maximum flood volume. A two-dimensional joint distribution model was constructed
based on the Copula function, and the probability of flood coincidence under different combinations of magnitudes was
calculated. The results show that the flood sequence in the Song-Li Region has undergone significant variation, and the
actual flood characteristics of the region can be described by the time-varying log-normal distribution, Gamma distribution
Weibull distribution, and Copula joint distribution. The typical annual flood encountered in the Song-Li area is mainly the
Songzi River flood process and the Lishui River flood. The probability of co-occurrence of the annual maximum flood peaks
or 7-day continuous maximum flood volumes of the Lishui and Songzi rivers decreases with the increase of flood magnitude,
and the probability of flood coincidence in the Lishui River and the eastern branch of the Songzi Rivers is higher. When a
1 000-year flood occurs in the Lishui River, the probability of co-occurrence of the 1000-year flood in the Lishui River and
small- and medium-sized floods in the Songzi River is higher.

Key words: Lishui River; Songzi River; Copula function; flood coincidence; joint distribution
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39.8a, 1 3 —HriL sl Al vl -V i Wk Fif 1]
- AN G RS B A B 15.6.7.6,
14.0a, AR D7 5 St /K B2 kL, 1998 47 A4 14 b [X.
B N A TIRS B v 2 i B N T VW EN TR QN B S
TN A6 LA K 1 e KMt K S0, 32 B A 10 T 1) it /K
T R VK, S O T b X BT R R A B
W 30 Ah B 1998 AF A, L4 AR £ (1 1 VL
7d bR RZ A EIRINT 5a BNk, B S
A TR T ) B o IR A 25 AN 10 BH RS 3 L A
A FATE 1 DX P K 38 LA G T K R S L i
FRF-ZE Y BB e — 3K
3.4.2 KRB R ILME R 5T

Z T WP k& 4, ¥ H 10,2050 ,100,200
1000 a SEHIBITUEK, 73 B A T ek 58 a
Sty VD TE XL A T 11 ) TR BRAE 6, DA M A A
XA ) o B0 s o T i e Kk e S i i e K 7d
P ) E AR 25 AN 6 TR, e IR 2 B
IO, TEK 55008 30 10T AT S R 08 3 388 1y ) 0 R

KA Kb A B 2024 ,44(4)

R LY R N (1R W4 N = K N =V
PTG VY 32 AR SZ AR 4T 1 [ & A 10 4F— i it
TKEIMER AT B 2. 807% 2. 841% (1. 960% , [] I 18
i 100 4F— K R 53512 0. 051% ,0. 078% |
0.039% , [F] A 1 8 1000 4 — 8 7K (1448 553 51 4
0.001% .0.002% .0.001% , L&A 1okt
B UL AR A — s B, BN 5T 3 A4 ) A A it
VAR TR TP YLK A [ BRARE R 28 52 P e
IR WA M X T 4 T d AR R R A 5 8 AR
R ELPH A K T K T A AR SRR Y R A
IeAh  FEMR K 2 A BB R, SA T kA
AP e S 0 T 38 1) A S5 DA R B/ M YR R U 1 Ll |
BTL I 3, BT 1 15540 1Tk R AR A d Rt i
B AR BN VD TE L P 6T 1T BT
P13, 33 158 BH Y 7Kt 7K 5408 00 T R St 7K i 8 1 4
e, HASE A, A 0 & 4R 1000 4E—
I UL AT, A 1Tl AT 11 AN [) i 20t 0 11 38
MR ST KT T 1= v 1 ol B 44, T AN [ 4 4%
T 3 M R 15 B U 5 2 A
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B X ok B A R I &

A5 SR R — UK BRER %

o HI A K kg HEEL 7 d AR KR
T Wa 1048 204E  504E  1004E  2004F 10004E 10 4¢ 20 4F S04F  1004F  2004F 1000 4F
—i% B - -l 8 W W m W s -l
10 2.807 1.473 0.625 0.332 0.180 0.047 2.112 1138  0.488  0.254  0.132  0.029
20 1.620 0.858 0.366 0.195 0.106 0.027 1.135 0.615 0.264 0.138  0.072  0.016
T 50 0.754 0.402 0.172 0.092 0.050 0.013 0.507 0.275 0.119  0.062  0.032  0.007
100 0.417 0.222 0.095 0.051 0.028 0.007 0.281  0.153  0.066 0.035  0.018  0.004
200 0.229 0.122 0.052 0.028 0.015 0.004 0.159 0.08  0.037 0.020 0.010  0.002
1000 0.056 0.030 0.013 0.007 0.004 0.001 0.045 0.024 0.011 0.006 0.003  0.001
10 2.841 1.433 0.594 0.314 0.169 0.044 4.251  2.285  0.978  0.510  0.265  0.057
20 1.914 0.967 0.401 0.212 0.114 0.030 3.264  1.767  0.759  0.396  0.206  0.045
" 50 1.097 0.555 0.230 0.122 0.066 0.017 2.305  1.255  0.542  0.283  0.147  0.032
VD TE WL
100 0.703 0.356 0.148 0.078 0.042 0.011 1.772  0.968  0.419  0.219  0.114  0.025
200 0.442 0.224 0.093 0.050 0.027 0.007 1.361  0.746  0.323  0.169  0.088  0.019
1000 0.142 0.072 0.030 0.016 0.009 0.002 0.735  0.405 0.176  0.092  0.048  0.010
10 1.960  0.990 0.411 0.217 0.117 0.030 2.429  1.310 0.562  0.293  0.152  0.033
20 1.168  0.590 0.245 0.129 0.070 0.018 1.357  0.736  0.317  0.166  0.086  0.019
wmn 0.590 0.298 0.124 0.065 0.035 0.009 0.614 0.335 0.145  0.076  0.039  0.009
100 0.352  0.178 0.074 0.039 0.021 0.005 0.335  0.183  0.079  0.041  0.022  0.005
200 0.211 0.107 0.044 0.023 0.013 0.003 0.182  0.099  0.043  0.023  0.012  0.003
1000 0.064 0.032 0.013 0.007 0.004 0.001 0.044 0.024 0.011 0.006 0.003  0.00l
3.4.3  KIRE ) SR E AT KA 100 4 — 38 Pk K 1 HE SR 4 B 4.820% |

FERATE b DX PE AR S b O KA ]l &
A AN S G K IS B8 T 5 4 1) gt % AR — i 2
HEK B S RE R A 22K, X TR T i X Btk 7k 21
A AR T B B G e e HAA 2 L, W
2T R, HIEOK R AR — B PR WA K
AN R A R R BK R R, X
AR KR YK T & AR 1000 4E— kK
BF BTV Tl | U T O sl FRA V2% 10T 11 & A= 1000 4F—
WK I RE A3 98 0. 649% 1. 478% F 0. 662%

7.305%F1 3. 658% , K 10 4F— i HE 7K A9 HE R 43 531)
4 31.338% .29. 358% Fll 20. 281% ; Xf TiE4E 7d 4F
R, S8 KA T8 & 1000 4F— K AT,
BTl | U 30 0 3y AR 3% 3T 11 % A 1000 4F — it
HEIK FIAE SR 5 3K 0. 479% 8. 051% K11 0. 479% , /%
A= 100 4F— B LK AU AR 530 R 3..004% ,19. 111%
F1 3. 602%, & M 10 4 — i Uk 7K 5 4 R 2 il oy
22.127% A4. 293% F1 25. 497% , XAE—E T i
HHYE K R /K S AT /NS K ) T E R T

®7 AEREIH TRIEMX B KE B F TR

A T 5 A AR LR S — PR BB/ %

—_ I AR R Ut ST d R
T Ma 104 204F  504F  1004F 2004F 10004F 104F  204F  S04F  1004F  2004F 1000 4F
—  —# - - —# —i — i — i —i —i —i
10 28.250 29.793 30.724 31.037 31.198 31.338 20.215 21.131 21.720 21.928 22.036 22.127
20 16.305 17.343 17.981 18.198 18.310 18.408 10.862 11.412 11.770 11.896 11.962 12.018
- 50 7.591 8.125 8.457 8.571 8.630 8.682 4.851  5.113  5.284  5.345  5.377  5.404
100 4.193  4.499  4.690 4.756 4.790 4.820  2.690  2.838  2.936  2.971  2.989  3.004
200 2,299 2.470 2.578 2.614 2.634 2.650 1.519  1.604 1.660  1.679  1.690  1.699
1000 0.561 0.604 0.630 0.640 0.644 0.649  0.428  0.452  0.468  0.473  0.476  0.479
10 28.587 28.985 29.212 29.287 29.325 29.358 40.681 42.439  43.543  43.928  44.126  44.293
20 19.257 19.549 19.717 19.772 19.810 19.825 31.240 32.804 33.802 34.152 34.333  34.486
— 50 11.037 11.217 11.320 11.354 11.372 11.387 22.059 23.311 24.120 24.406 24.555 24.681
100 7.074 7.193  7.261 7.284 7.295 7.305 16.953 17.978 18.646  18.883  19.007  19.111
200 4.452  4.528 4.572 4.586 4.594 4.600 13.023 13.847 14.388 14.580 14.681  14.766
1000 1.429  1.454 1.469 1.473 1.476 1.478 7.038  7.514  7.829  7.942  8.001  8.051
10 19.727 20.012 20.176 20.230 20.257 20.281 23.244 24.326 25.019 25.264 25.391  25.497
20 11.753 11.934 12.039 12.074 12.091 12.107 12.987 13.672 14.117 14.275 14.357 14.426
e 50 5.936 6.032 6.088 6.106 6.115 6.123 5.878  6.213  6.433  6.511  6.552  6.587
100 3.545  3.603 3.637 3.648 3.654 3.658 3.203  3.392  3.515  3.560  3.583  3.602
200 2,118  2.153  2.174 2.180 2.184 2.187 1.743 1.847  1.915  1.940  1.952 1.963
1000 0.641 0.652 0.658 0.660 0.661 0.662 0.424  0.450  0.467  0.473  0.476  0.479
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a. M7 GAMLSS RERS A A0 S e As 53 25 144 F
RS L AR o A0 T Tl IRV 3l ) A B e
J¥ BN Log-Normal 43 , 1fif ¥ 18 X3k FIAL 2% 90 11
NIAR A Gamma 4347 3 % FiE2E 7d 4 KPR,
VL S A 5T T ) Gamma 53 A F05 8R4
A 13t R T8 W 3l 1) B A 40 20 A5 53 51 4 Log-
Normal ,Weibull PR%X

b. Archimedean Copula PRELREHAF Hu LA PR YT
HEOKRFIEAS 5 RS A . X T4 f R kg 471
A1 T3 -Hr 7L 1 3 ) Frank Copula PRI A 30 &
U A TJ 0l -V T st A A 13l A 26T 1Y) Clayton
Copula PREIDL G ROCR B i3 T E 22 7 d 4F e Kt i
Fr A3 G R B i 1Y PRS2 Frank Copula PREL,

c. AR AR P KRB BT T, FATE H X DARA L
TP R B IS K K Oy T B K 21
KB K G HMET B A Fe b 7K 7% 14 ) PR A 32 3%
WU/ o AH L TR T P SORIAS 4R 1, A8 T R
LKA Sy S8 KK 8, A 8 K Kk K
AR UNRCI AV NVE Y U Bk e Y N
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