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FIFH2011~2021FE KV E B[ RIEE /N RN ERTE, Sz Xir108ERRAER21RNEEEE
ERA, HEIENNSEETE)EEN AR KN UMT. 3I/MNREEH: 1) 2011~20214EK21K K
BHiaEUe AN RERERSE, NRAFEEHAETFERN, XE5XRMBENEEHINTFERERE
BEX—F; NSEMGE, TEEFERXATHRSE, HPEPDHENEEEREREEL. 2) &
HRER, B3RS/ EREE18.4~52.8 mmZ |, 3/PE BN EAE27.4~73.3 mmji]; HiE
GEREEAEWVENA, %25 mm. 45 mmEA KD ERTHE TN 3DNNERE, BPH1/M
FEFiE =25 mmER3/ P ERHE =45 mmit, KY-EIIX 76 E AR 88 HBUIR T A 5.
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Abstract

The main characteristics of 21 urban floods and its 1-hour, 3-hour rainfall data in recent 10 years
is analyzed based on the hourly rainfall data of Changsha automatic weather station from 2011 to
2021: 1) The 21 urban floods from 2011 to 2021 occurred most frequently in June, mainly from
afternoon to night, which is basically consistent with the characteristics of local heavy rainfall;
from the perspective of township distribution, it is mainly concentrated in urban areas and central
towns, of which Xingsha street and Huanghua town have the most occurrences. 2) In case of urban
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flood, the 1-hour rainfall of the automatic weather station is 18.4~52.8 mm, and the 3-hour cumu-
lative rainfall is 27.4~73.3 mm. According to the statistical results and daily business applications,
25 mm and 45 mm are defined as the 1-hour and 3-hour rainfall thresholds of urban floods in
Changsha County, that is, when the 1-hour rainfall is greater than or equal to 25 mm or the 3-hour
cumulative rainfall is greater than or equal to 45 mm, urban flood is most likely to occur in
Changsha County.
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T PR R R AR LE I XIS P, R T R I B I B B KR T B B K RE T, B
ST P R A BRI — B R SB[ 1] [2]. TR, BEEWEACT R R, T B R E LR
RASTIR . 58 AT H M SR (540 R 2 RN (a3, PR R 1 I R R A A P A B T %
AIEAT[3] [4]. HNCOAH —LBH IR 7AW = BRE T, 0BS5S 2007~2010 4L
T I AR KA 5 R B K50 B AT R R BT o AT, 4R B BB UK G S P Fabr s sE ZE 2 (3R N
ISR TR LR R AR 5 Bk BRI L R B (000 R, AT 1 bl ot X 2 T A 955 1) A s
TR ISR K IR MAR T AL oA AV o it it 2 2 W b 5 SUR R Rk AT TR 7T

K BALFRID TR, JE WA TR %, =R 5 2% R R 7 A5 200 ek 4540k [X 2 7
I R K 2 RAR, SFEORTRUK. sCEZM, FEERmA R A GRS NET. flin, 2020 49
H 10 H B4, 3RIX AR 1 /N B Rk 50 mm, 24N BEBORUK™ 5, 5t s i R VoIS 2 i AR KR B B
FEREET 1K, T A I N R o (EE H AT EF T 70 2 A2 T R 2 W AR RAE B2 W I RE 2 W4T 7] 8],
o TR B T A R BT FCE R WA SR . % T, AR KD B 10 4R 2/ A R
H B R/ W R AT G b, AR K B N B R A

2. RS

ASRFTH BTEA 2011~2021 KB B3R Rul /N W R EdE . 570 FRICE S BRI S R 14E
FESAERZ PR . BOBGH T RIER S Popr A M B iRiE S . P Xk e N BV TS . M iE. R
BEOTE . KORATIE. MPALETIE .. BAREURI B 4

2011~2021 A (A b B AL A 77 o A By 12 21 IR (IF]— I BN [R] b 4% — IRaEB), Rt 52 2431
8). SR N B UK R — R Ja M, U P57 (1 2 B (T VT 2% X 35 A 7 R AR B Z T 6 /BT A
i) 1 AN, R AT ST 2~6 /AN REAN R, B R ERE TS S T Sk, IR
TN 1N 3 /NI R R R E G Fr

3. Gt 5o
AP AR 21 RS A7 5~9 . Jehibl6 A, Ritik 7, HARH 6 2~4
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R 1)o NIRRT, 2B R AL T A7 501 5 3 A 2 ot B¢ 3 28 B /7 25 A s i R — B
RSB ATRA , ST P S B XM p i T, b SO 7 R, KORIIE 7 IR, SRAER 11
O, WRATIE 8 Uk, EIVHTIE 11k, MEUEE 4 Tk, RIS 4 IR(E 2).

Table 1. Schedule of urban floods in Changsha County from 2011 to 2021
% 1.2011~2021 FK D BT AH I IR AR

N 5 A 6 A 7H 8 /1 9 A

2011 ¢ 28 H 14 It} 1 H 17 i
2013 4F 7 H 20~22 i} 26 H 20 B
2014 4 20 H 7~9 it 15 H 9 i 9 H 18 i
2015 4F 1 H 21Kt
3 H 15K}
2016 4 9 H 18 i 15 H 21 i 3 H 15K}
2017 4 22 H 17 i} 25 H 0 i 1 Ho#f
2020 4F 10 H 17 i 10 H 21 i 10 H 9 i 10 H 9 i
17 H 18 i
2021 4 18 H 21 I

AR 3 B 5E AR I AR, 2011~2021 4R35 18 YOIRTH B FE . Siit 5% N 55 At B X
A B 1~6 /NI R BAR R AR (A 1), AR, M R R M R E 1~3 I E
/NEEL 2 NET R R OR, REDEAMIITE 3 /NI JEIEA BORIIBE K, —MRIEOLT 3~6 /NS K R K
HIFEH RN, Fik, KRR MBI RN SRR SRR FKERER, 1~3 7~
I RFAPE R E SR AR E T G, ERBIX o E R E RS, FEHE 1 DN FKE
A3 /B R = .
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Figure 1. The maximum accumulated rainfall of automatic weather station in 1~6 hours of 18
cases of urban flood in Changsha County from 2011 to 2021 (1 h,2 h,3 h,4h,5hand 6 hin
the figure represent the maximum accumulated rainfall of 1~6 h respectively)

& 1. 2011~2021 KD EEX 18 XRFENFIEEIE &R 1~6 NI AKREAZ=(EH 1 h,
2hy 3hy 4hy 5hy 6h FHFEFR I~6h RAXEFHFE)
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BT FiRgER, it 18 IRINEFHEREM 1 /N 3/ N E . St ik J—kidfEdha 2428
(B8R AE A BI,  Jaar il Gert Wi KAE ZI 8 2 S TE)TE IR 1 /M. 3 /NlE, 3 — 280
FBlINA 2B R0, WWEEBOZX N 2 A0 FE; SEAESAD 1 /AN 3 /N EE A E
HAIMEAENA IR A B FEN 1ML 3 /NI R BIE, 455 0% 2,

M2 FTHL, 1 /N E AR 18.4~52.8 mm Z [H]. 18 RN EEFEH, 1 /B EB{E/NT 20 mm
FIAHE 3 IR(AEE 17%), KT 20 mm A 15 (S EE 83%), KT 30 mm A 7 (& E 39%), KT 40 mm
A 3 IR(GELEE 17%), KT 50 mm A 1 IR(H L 6%).

3 /NBF R R FIEAE 27.4~73.3 mm Z[A]. 18 XN BT AR, 3 /NS & BE /N T 30 mm FICH 2 k(5
b 11%), KF 30 mm HIE 16 K(5 L 89%), KT 40 mm A 12 k(5 E 67%), KF 50 mm E 7 k(5
b 39%), KT 60 mm A 5 K(&EE 28%), AT 70 mm A 2 IR(&HEE 11%).

Table 2. 1-hour and 3-hour rainfall and corresponding threshold of towns (streets) in case of urban flood (unit: mm)

2. RERNGHNEZHEGEE) 1 IS 3 /NETRERENSEEREA: mm)

BB i 1/ E 3/EWE  1/ANWERE 3/NWERE

(mm) (mm) (mm) (mm)
EYHTIE 32.1 63.8

2011 £ 6 A 28 H 14 — 32.1 63.8
WA IE — —
EYPHTE 41.6 71.4
SRYE#TIE 37.7 46.4

2011 4E8 A1 H 17 I8 26.1 46.4
EALE 26.1 49.7
TH AR 68.5 73.6
W IE — —

2013 £ 5 A 7 H 20~22 B} A 26.8 51.6 21.3 34.0
AL 21.3 34.0
EYHTE 20.4 32.1

2013 4 6 H 26 H 20 i} — 204 32.1
WA IE — —

2014 5 6 A 20 H 7~9 #f AL 34.7 73.3 34.7 73.3
201447 A 15 H 9 EVATE 21.1 274 21.1 274
201449 A 9 H 18 EYHTE — — — —

THACHE 43.0 51.8
20154E5 A1 H 21 I - 43.0 51.8
KIptiE — —
KwfiE — — — —
2016 £ 5 H 9 H 18 i
PO e — - _
2016 £ 6 A 3 H 15 i AL 19.5 46.8 19.5 46.8
W HTIE — —
2016 4F 6 J 15 H 21 It} : 37.1 493
AL A i 37.1 493
M ATE — —
2016 47 A 3 H 15 I 21.1 29.7
EYHTE 36.2 49.0
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Continued
WAL — —
KIuikiE — —
BOGE 21.1 29.7
BAEH 38.6 59.3
2017 95 H 22 H 17 B HACEH 393 64.6 39.3 64.6
Kp i - - - -
2017 %6 25 H 0 B WAL B iE — _— _— —
WE - — — —
KIuikiE — —
B EIE 27.0 52.6
20177 A 1 H OB WA TE — — 27.0 52.6
TN 354 65.9
B 30.1 62.0
R 1 — —
2020 4E 6 7 10 H 17 I} T 42.8 62.8 42.8 62.8
B 44.9 73.7
KIuikiE — —
2020 £ 7 A 10 H 21 i RIHTE 18.4 40.4 18.4 40.4
BOE 28.7 58.2
2020 4£ 8 H 10 H 9 i I 180 210 18.6 31
B HE 24.0 35.9
SRYEIE 23.8 44.1
2020 429 H 10 H 9 B B HE 47.8 60.9 23.8 44.1
WIRTE — —
2021 £ 8 A 17 [ 18~19 it} KRiE - o 52.8 71.7
AL 52.8 71.7
SRYEHIE 37.7 455
2021 F£- 8 A 18 H 22 i EIPHIE 40.3 61.9 22.4 38.3
B 22.4 383

T ——AURAIE K.

2 1 18 WA B AR AL I 32 £ (BT IE) AR, K 32 DMFEAH IR /IMA L 10%1 25% 50%- 75%-
90% 7 hifi . BRAEBEA TSR TE, WA 3. 32 MEAH, 10%5 AME N 20.5 mm, EKIDPE/DNEER 20
KA KON WL, HOR 2 3G DUE B B A R 90% 73 e 44.7 mm, /M RERT
44.7 mm [P)FL IR KR T LB Y B K I DL, 2B LB BT 50%FE A (25% 50 Fi~75%43 )

MR 23.5~39.6 mm, FRHLGEMAN B, DA EZHERSFEIZEEN. Fit

22 BHFE

S5SNI, K 25 mm E IS IR T AT 1N R R . FEL, Ok 3 /N R RAE S0%MIREA(25% 7
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Ri~75%%3 1) 1E 43.2~63.1 mm. FKF 45 mm €N 3 /N EEAE. B2 1 /N E > 25 mm o 3 /N R
& >45 mm B, Kyb B XE P ARORRTRE H BT P4

Table 3. Statistical characteristics of maximum 1-hour and 3-hour rainfall in towns (streets) during urban flood

3. RENGHE SHEEE)RKX 1 /B 3 NETRESITFIE

e/ ME 10%53 437 25%43 L 50%743 1L 75%43 L 90% 453k i KE

1 /NS 7R (mm) 18.4 20.5 23.5 33.4 39.6 44.7 68.5
3 /NI Y (mm) 274 323 432 51.7 63.1 71.7 73.7
4. &g

2011~2021 FEKPEIRAEMIT BT 21 1k, Hd 6 Amikduon®, NEAREE, EEERE T
IR, P9 EFE R BLESR X A i e Ay, BV EE MR Z . KD EIWX NS 1~3 /I8
MW RERXREY, WERAER, AR %u 1 NEBENEE 18.4~52.8 mm 28], 3 /N RN ELE
27.4~73.3 mm Z i), WRIEGIFEER L HFEWSENA, K25 mm. 45 mm @ AKDEATHE 1A, 3
AN R, BP2 1 /NERERR R > 25 mm 88 3 /N BN > 45 mm B, Kb B IX T A RO T
RE HA A TTT P 5
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