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Tab. 1 Indicators of the behavioral characteristics of floods
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Fig. 3 Different types of flood events and peak-volume relationships (Normalized discharge index is the ratio of daily discharge to flood volume)

)

c 646 HHRELH



AU % JUT B E TR A KR

HER G A

20 60 30 o
:? I5r . 40+ 20 F )
< op 3 S
= . . S 20+ 10l é +
Te z
QJ 4
0 C i 1 + O L 1 1 + 0 1 1 1 1
1 2 3 4 1 3 4 1 2 3 4
ok em /ﬂ7J<Z’$’F” kA
(a) MRt (b) Pk (©) FEEATH
1.0 - 0.5 - 1.0
08} : 04} 08}
= 06} = 03} = 0.6}
9 £ S
S 04 * “5? 0.2+ é & 04t
0.2+ ; 0.1} % 6 0.2} %I ;
0 ;1 0 0 1
7J@§ﬂ 7J<%’§?F” {ihﬂ@’é*”
(d) J:ﬂE1Jc$ (e) ﬁFl"ﬁrﬂﬂi (F) 5 ks ek
1.0 1.8 3.0
0.8 N
< 0.6 ) 1.2 @ ) 1.5} I%I
Qf L &) &)
04 é 0.6 (U3
021
0 L 0 L -1.5 L
4 4 1
A%?k%iﬁ; {itﬂ(*dé 2%7](*34
(g) HEWE L (OF-F-F3 3 (OREF3e
B4 REZEBEKITAFFEIERAE L E
Fig. 4 Indicators of behavioral characteristics of different types of flood events
100
£ g JINTAL S8 14 9 98 AR e A5 kKRR 98 1 /N it K Y
= O TR AL SR AEBAUBOCR B, BB A
2
g Y PRSP G2 R P | S B K it KA T R RAAE o
520
=
- F2 AEEBHKTREUER
DG S 73" S & SR RS AN B Tab.2 Simulation of flood events of different types
BRI
BRIk O SNk m =K | A etk kA AR REL LR /%
B5 REAREEEKST s 072 1.5
Fig. 5 Distribution of different types of flood events in basins ok 0.82 14.8
P25 1 2 7K SO R Y AR I 2R K Bk 078 87
. N USRI 5 EHIE . .
LR ) AR, 5 B0 2 5 T ORI S hilaks 010 o8
A - 60 40
E T é 40 y,.-"/ . = 30
< o e S o = 20 b !
] L = . 68 K o8,
) Tl g % Ve =10 d‘i;,hd'm
% 1 1 1 1 1 1 -F 1 ]
0 7 14 21 0 2 4 6 0 10 20 30 40
FMO, SO ST
(a) P0G i (b) MK f (c) FFZEmt i)
1.0 e 05 1.0 .
T 08 L = 04 L _08 R
206 P £03 b = 06 o
> 4 S " ”._ = MR~ TS )]
= 04 b % 0.2 . ¥ ;E; 0.4 ' .',. Ry
E 02 & 0.1 [ - ey ¢ 02 .50 .
0 0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4 0.5 0 0.2 0.4 0.6 0.8 1.0
FMR, R, ST, 55,
(d) ETHEAR (e) TR () i kst g

- 647 -



£22% B4l EALEGAABBLCFE 2024 45 8 F
1.0 18 3
.08 2 .
g . > 1.2 - ,.'ln:-"’- e
& 00 .3:—4" = A e s ! X f-'?"?‘f -
x 04 i B0l oo ® 0 - i
02 W,r« ¥ f{fﬁ ¥, . ity
0 0.2 0.4 0.6 0.8 1.0 0 0.6 1.2 1.8 -2 -1 0 1 2 3
SP,,, SmiC, Smic,
(g) Bt 5 1L (h) B§EFRE ORIEE
0 2K B T2RUK O =28k EHILESIIYN
B o6 HKITARHERIRERL
Fig. 6 Simulation of indicators of behavioral characteristics
4 %t 673-684. DOI: 10.14042/j.cnki.32.1309.2023.05.003.

ARG T Z A BKAT N RHEFRAR R R LA 42
T Z2 i A, R 2 B R K S E R ST
TR B K Y, JF it — A R AT AR Y 2
K SCASE RS AN [7) 2 Y kK A7 SR R AR A0 0435 FH
FELEBUWT:

DT 3 P YA 9 38 32 Bk /K 2R A W] 43 4 2K
S — 2N KT B 0 R B A A K L SR 2 T B
ALK | 55 =R kg AR rp i s R v A
KL B U 28 Ay i T T ) AL 5 R 1 /N K

HEK A 25 0] o3 A BT Wy Xl 22 5.
e UK DU P 7R v S K R R 32, S it
K DA BRI 58 R e /INE K IS TR Sy 5 DR DX 381 VT
BT U, 4398 BRI K BB 4 Ak R B B R K

AF AR 34 25 7K SRR AT HERR B AN [R1 S 20 K ot
TR 2 ZRRE, AT ROR REGK 0.72~0.82, HHr,
AR Xof 4 98 764 v S5 Y IR B 5 2 P /N T K A A
PR AT, R BT G, B[R], kv AR AL AR RRIE
FRPRILA BT .

A Ji IO 1 — A ey T kK AR T U R 43
BT, 324 A [5] 2 B UL K AT S RRAE 22 5 10 5% e L7
PE— 5 WA LK A7 MR AE A9 A8 A HL A S HALBE,
TR KA PR HE PR A9 15 B S

£ 3Tk

sk 55, BRBKEL eI L e K FR il J H
B2 A il (1], BBk, 2020, 39(4): 627-
635. DOI: 10.18306/d1kxjz.2020.04.009.

TR, X, SR, 55 E LR I E L Bk P
2 AR (7). KBEIRORY, 2022, 38(4): 21-25.
ook B, BEAR, M, 45, FL5m IR /K R 0 X K 3
RAIERSE [T]. W R E 4 (A RFHERR), 2022,
50(4): 58-65.
A, AT, IO, S5 R TIREE S T 1R Ik
I VT TR B K T (3], K RF2F R, 2023, 34(5):

(1]

(2]

(3]

(4]

c648 - HHRELH &

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

TOSUNOGLU F, GURBUZ F, ISPIRLI M N. Multi-
variate modeling of flood characteristics using Vine
copulas[J/OL]. Environmental Earth Sciences, 2020,
79(19): 459. DOI: 10.1007/s12665-020-09199-6.
FWEAE, AR, v, 4. B B &
HMETIAG i (0] BEZKAL T Sk FIRHE (e o),
2023, 21(5): 886-894. DOI: 10.13476/j.cnki.nsbdgk.
2023.0086.
SR, skag, LB, S5, T IMEGE i R M U
BUERERFSE: DL 2021 4F v [ =37 2 W itk 7 A 9]
(0. FR AR B AR (R 3230, 2023, 54(2): 47-59.
DOI: 10. 13928 /j. cnki. wrahe. 2023. 02. 005.
FARTE, BAKAR, s, T /K SCHIIPE B it iR
ZEIE (7). m/KAL 5K AR, 2019, 17(2): 140-
145. DOL: 10.13476/j.cnki.nsbdgk.2019.0044.
CHEN S, XUE Z, LI M. Variable sets principle and
method for flood classification[J]. Science China
(Technological Sciences), 2013, 56(9): 2343-2348.
DOI: 10.1007/s11431-013-5304-4.
K eI, FLAEE. SABAE A 5T T I AOXURS: 7 2
R EBR SRR M. A2y, KM A
(01, JKR AR AR (P e 30), 2023, 54(3): 21-34.
DOI: 10. 13928 /. cnki. wrahe. 2023. 03. 002.
NS, JE R, BKIESR, A5, T TTAR A 55 7K A AR
FEAE I tlid FHVERIFSYE [T, 7K 3¢, 2018, 38(3): 37-
42. DOL: 10.3969/j.issn.1000-0852.2018.03.006.
T, mHE, R, S 1L XN K SO ALE
PEWTFE (1], B AR A KA K HL, 2018(2): 78-84.
DOI: 10.3969/j.issn.1007-2284.2018.02.018.
SR, AN, 2R, S5 K IR BER B TR vh ]
EER TR ST I R DN TS DS N A I /K 7S
2021, 37(1): 28-35. DOI: 10.3880/j.issn.1004-6933.
2021.01.005.
W f, £ R, sREGF}, 55, 5 R K HOBA i
HEKFEHLE AT (1], K J1 & HL 2241, 2019,
38(12): 61-72. DOI: 10.11660/slfdxb.20191207.
B, PR RILRR S2 B x5k (], mazkdbiM
K AR (3 30), 2022, 20(4): 625-630. DOI:
10.13476/j.cnki.nsbdgk.2022.0064.


https://doi.org/10.18306/dlkxjz.2020.04.009
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2023.05.003
https://doi.org/
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.1007/s12665-020-09199-6
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0086
https://doi.org/
https://doi.org/
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 02. 005
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0044
https://doi.org/
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10.1007/s11431-013-5304-4
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 03. 002
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 03. 002
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 03. 002
https://doi.org/10. 13928 / j. cnki. wrahe. 2023. 03. 002
https://doi.org/
https://doi.org/10.3969/j.issn.1000-0852.2018.03.006
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1007-2284.2018.02.018
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2021.01.005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.11660/slfdxb.20191207
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0064
https://doi.org/

P4

DT b & T A R 2 A R 5 AR

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

TR, MR, R0, AF. DO AR i i 25
AR IEWISE [T, KR ERIT, 2020, 41(4): 10.
DOI: 10.3969/j.issn.1001-9235.2020.04.005.
ARPRAE, FRE, TR, DU KGR A 20 9L
il B U g (1], N RAKTL, 2023, 54(7): 8-
13. DOI: 10.16232/j.cnki.1001-4179.2023.07.002.
SRR, 152, WAL, 45 B2 V-1 AL e AR 6 Tl
TR B AR AL (0], K AR S K R RN
(FFIEI0), 2020, 18(6): 78-84. DOI: 10.13476/j.cnki.
nsbdqk.2020.0117.

SKRENAE, BRpes:, T, 45, 25 Iy s K i BT
i T U AR AT [T]. KR 2238, 2013, 44(3):
268-275. DOI: 10.13243/j.cnki.slxb.2013.03.013.
RILFE, BT 2%, XIS B, 4. JE T X Pareto /A1
HIHEAT FI R AT (I, iR 2224 (A SRR
22 00), 2019, 58(3): 32-39. DOI: 10.13471/j.cnki.ac-
ta.snus.2019.03.004.

ZHANG Q, ZHANG L, SHE D, et al. Automatic pro-
cedure for selecting flood events and identifying
flood characteristics from daily streamflow data
[J/OL]. Environmental Modelling & Software, 2021,
145: 105180. DOI:10.1016/j.envsoft.2021.105180.
FISCHER S, SCHUMANN A, BUHLER P. A statis-
tics-based automated flood event separation[J/OL].
Journal of Hydrology X, 2021, 10: 100070. DOI:10.
1016/j.hydroa.2020.100070.

A%, B, BRIk e, 55, F5 40 Hirin] A [m] i 5 20
B N RIREE UK S A LY. KK R
2023, 43(1): 15-21. DOI: 10.3880/j.issn.1006-7647.
2023.01.003.

XIEE, SRA 25, 2, 45 T RURS 2 A o 7K PR TR
B A7 2y 25 45 ) 29 RBEFE (D], 7K 3C, 2009,
29(4): 1-5. DOL: 10.3969/.issn.1000-0852.2009.04.
001.

WO, XN, BN, A5, TR 5B S8R
K A32EBIE5E (7], /K3, 2018, 38(6): 7-11. DOL: 10.
3969/j.issn.1000-0852.2018.06.002.

=R AR, WY, BT, S5 ROk SO T AR DGR 2
Br ik (30, KR 2 4z, 2017, 48(9): 1039-1046.
DOI: 10.13243/j.cnki.slxb.20161280.

JUKENE, A EIR, XA, 45, LTS ot N TR

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ko K P B B ny ok 4y B 0F5E (00, 7K 3,
2021,41(4):40-47. DOI: 10.19797/j.cnki.1000-0852.
20200315.

GAGOLEWSKI M, BARTOSZUK M, CENA A.
Are cluster validity measures (in) valid?[J/OL]. In-
formation Sciences, 2021, 581: 620-636. DOI: 10.10
16/.ins.2021.10.004.

Tk, B2, ok, S RS s RO T R
A B MRS L], R /KL IE 5 7K R R
14,2018, 16(4): 35-41. DOI: 10.13476/j.cnki.nsbdgk.
2018.0094.

XIER G, HA, ARA, 4. BT IR I 45 K SORERLTY
e AR AT [I]. P EAAR K MK HL, 2019(6):
16-22. DOI: 10.3969/j.issn.1007-2284.2019.06.004.
JTH, HA, RORPE, 48 MER UK SCIRZME 2K
P If 72 1 g BRSBTS T (DL UK 3, 2015,
35(3): 14-19. DOIL: 10.3969/j.issn.1000-0852.2015.
03.003.

YU J, ZOU L, XIA J, et al. Investigating the spatial-
temporal changes of flood events across the Yangtze
River basin, China: Identification, spatial heterogene-
ity, and dominant impact factors[J]. Journal of Hy-
drology, 2023, 621: 129503. DOI: 10.1016/j.jhydrol.
2023.129503.

ZEER, TR, TKIK. 2017 AEDUILAKZER KRR e 13
ST (1], ARKIL, 2017, 48(24): 1-5. DOL:
10.16232/j.cnki.1001-4179.2017.24.001.

BOH B VAT P A 55 N DUV it ik K S Al R
[J]. #F 7K, 2013, 35(4): 126-128. DOL: 10.3969/.
issn.1004-1184.2013.04.050.

B Britk, FAARE, 55, ) 2020 4FRKIE EFOKE
TERBTEEXT o (1], HuBRRlABEE, 2021, 36(1): 1-8.
DOI: 10.11867/j.issn.1001-8166.2021.003.

P, TR, . DUT i R -2 2%
JK IR A B LR BRI (7). 74 22 30 TR 244,
2020, 36(3): 294-299. DOI: 10.19322/j.cnki.issn.
1006-4710.2020.03.004.

XU, SRAF-, S0k, &5 TR T R XK
SCAR Y Y P (0], sUDOR 5 5 4l (T3 i),
2019, 52(5): 384-390. DOI: 10.14188/.1671-8844.
2019-05-002.

Identification and simulation of flood types in Baihe basin of the upper Han River

ZUO Lingfeng'?, ZOU Lei', XIA Jun", YU Jiarui'

(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese

Academy of Sciences, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of Water

Resources Engineering and Management, Wuhan University, Wuhan 430072, China )

Abstract: As climate change and human activities intensify, the frequency and intensity of heavy rainfall events

keep rising, resulting in increased occurrences of extreme flood disasters. Due to the influence of climate change and
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topography, the flood processes exhibit significant spatial heterogeneity. The Baihe River basin in the upper reaches
of the Han River is rich in water resources, but experiences uneven spatial and temporal distribution of rainfall,
leading to frequent occurrences of flood disasters. Identifying and simulating representative flood types in the Baihe
River basin are of great significance for regional flood management.

The daily runoff processes of seven hydrological stations in the Baihe River basin were analyzed for the period
from 2007 to 2020. In order to accurately separate flood events by comprehensively considering their magnitude and
morphological characteristics, a method that couples with the Peaks Over Threshold and the Sliding Variance
Threshold was constructed. A system of behavioral characteristic indicators was constructed to comprehensively
describe flood events, considering six dimensions: magnitude, duration, fluctuation variation, peak distribution, peak
volume relationship, and morphology. Using this system of behavioral characteristic indicators, the types of floods
in Baihe River basin were identified by combining principal component analysis and the K-mean clustering
algorithm. Finally, flood events and their behavioral characteristics in the Baihe River basin were simulated by the
Time Variant Gain Model.

Based on the constructed flood event separation method, 249 flood events were accurately identified in the
Baihe River basin. These flood events in the Baihe River basin were classified into four representative types,
accounting for 41.0%, 4.0%, 23.3%, and 31.7% of the total flood events, respectively. The four flood types are
characterized as follows: continuous short and fat medium floods, extreme variable large floods, sharp and thin
medium floods with strong catastrophic effects, and single-peaked flash floods. The spatial distribution of the flood
types varied significantly. While floods in mainstreams were dominated by short and moderate-magnitude floods,
floods in tributaries were dominated by single-peaked flash floods. This distribution pattern could be attributed to
several factors in the tributaries, including smaller basin areas, steep channel slopes, narrow valleys, short flood
response times, and the relatively weaker water storage capacity of water control projects. These conditions make it
easier for the tributaries to generate rapidly changing, short-duration, and small flash floods, which are challenging
to evolve into rare and extreme floods. The Time Variant Gain Model demonstrates high accuracy in capturing
diverse characteristics of different flood types. It is particularly effective in simulating the characteristics of sharp
and thin medium floods and single-peaked flash floods prevalent in the source and tributaries of the Han River
basin. The correlation coefficients of indicators for these two flood types range from 0.78 to 0.98 and 0.80 to 0.99,
respectively. The accuracy of results can be attributed to the model, which comprehensively considers basin
characteristics, aligning well with the actual conditions.

In conclusion, the multidimensional flood behavioral characteristic indicator system can comprehensively
depict flood events and the main flood types in the basin. The Time Variant Gain Model performs high accuracy in
simulating the behavioral characteristics of different flood types. Valuable insights into the mechanisms of flood
formation and the dynamics of flood process changes are provided. The findings are crucial for informing the

development of effective flood control planning and management policies.

Key words: flood ; flood behavior characteristics; flood type; time variant gain model; Baihe River basin
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