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Abstract

According to the annual precipitation, monthly precipitation, heavy rain days, rainstorm days and
other meteorological data of Changsha urban area from 2000 to 2021, the variation law of rainfall
in the main urban area in the past 20 years is studied as follows. The annual average rainfall is
1388.5 millimeter, and the rainfall distribution is uneven. The annual rainfall is mainly concen-
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trated from April to July. The number of rainstorm days and rainfall intensity show a trend of in-
creasing year by year. The heavy rainfall in the urban area is mainly short-term heavy rainfall
with high intensity and strong localization. By analyzing the 16 Urban Waterlogging processes
since 2010, it is found that the main rainfall of most cases is concentrated in 1~3 hours and the
rainfall in 1 hour and 2 hours is large. Only a few cases have strong rainfall after 3 hours. General-
ly, the maximum accumulated rainfall in 3~6 hours does not change significantly. When the wa-
terlogging occurred, the rainfall in most cases exceeded 20 mm in one hour and the accumulated
rainfall in three hours exceeded 50 mm. The total sample number, rainfall sample number, maxi-
mum value, 0.01%, 0.05%, 0.1% percentile and other data of 1-hour rainfall data of all automatic
weather stations in Changsha City since 2007 are counted in the district as a unit, and the urban
waterlogging risk early warning indicator is determined as follows: the 1-hour rainfall standard of
yellow, orange and red alert is setted as 30, 50 and 70 millimeter; the 3-hour rainfall standard is
setted as 50, 80 and 110 millimeter.
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1. 5|8

I P 957 A 4 R D B 5 A R B T s e B R 14D T I I T HE K B T 51 R T P AR AR
A1) [2], B HEEEMI T 2 AE AT MR R AR P2 AR 3G, O 203 T vl RE SR R R R 2 —([3]. 2012
A, JERT 7217 FER B F BT A BIE R 79 AFETD, 29 160.2 TREARSZ K, HEZTFIK 116.4 147G;
2016 £ 7 H, HINEMNE S 14 NFETS, 4757 TANZR, HBELEFHK 22.65 1476[4]; 2021 F4
M 7207 B KR R 5 SR S 2 BTEL 953 AL 14 ABETS, B PR R AL RS E W K EE, 6 A
FETC\ 247 SRR . FHUEAT L, ST N BT SR R FM B VIR, SR FE I BUR 1B K [5] [6] [7]-
DRI, PR U3 T o B R AR, A7 — R A BRI T N B U TR HE b, ANE AT DA iy 3R 71 N 35 Toidie
TERE Sy, B AT U & G 57 GER TTIE BERD B AR T P 5 HR A e SRR

2. MRHANSHF=E

FRERNEN 21 )5, KDL et RE R, I A A RO L R Ko H
UEASCHR Y 2000~2021 FERVPIRIX I FEK R A FBoKE . KM, 280 H B R BRI 7T E3IX T 20
FERPERY FAAL U, R H 2010 FELAKRE 16 O T P W7 R R AT ST 55 RH IR Be A ) Bl /NI o S
KF, FFFIH 2007 FELKRK IR FrA B2 AR 1 /N EEdE, XN, St o A%, BEW
FEAKL. BORME 0.01%- 0.05%- 0.1%7 R 45Eedh M ITTAf 72 ST P 357 XS T 50 o

3. WXPEKEER
3.1. BEKETWK

P18 2000~2021 SR DI X A K AR A B, B AT, K ybiln 21a 5 P14 B /K &4 1388.5 mm,
HESF 35 T B S LB A B A A, o NN 2.8 mm/a.2013 45 2 B KV X [ K B AR Bh AR AL K,
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Flgure 1. Annual variation trend of precipitation in Changsha urban area

1. KX PR PRI HES

3.2. FEKAZTK

MBI X 3% A Bk E AL a3 2) AT 41, 3 21a IX BE/K E AL TE 3~9 H (5 4ERKK
69%), A-FHIREWNEET 100 mm, F5HlA2 4~7 AEH TRELLL (ST S1%)MBEK, 1ZE 2
KPR RIEK . KM B2 RN B, IR A Bt EE PR GLT BL . BB RRIG I, 3 X B 5t
HEES AR 25 708 o it —28 T X B iR IR TS, 13 A T 4~7 AWK K EF RS, 4
H. 6 AMKERIIZELRIEE, HRESHN 2.7 mm/a, 1.6 mm/a; 5 7. 7 AFKENZIZER
BT, BN 1.6 mm/ay 3.6 mm/a, RPN X FEAKE FWIHN 5 H . 7 A H R InEE.
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Figure 2. Monthly variation trend of precipitation in Changsha urban area
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Figure 3. Annual variation trend of precipitation from April to July in Changsha urban area

B 3. KX 4~7 ARk EERENES

3.3. Xf. RIBH T

2000~2021 FE[AHC YD IX KR HE R 1E 322 R BW HER T 88 K, NBESAMEINE (1 4(a))
R HE R IE g > sy, 5N H 8 2 I0E TG & . BWHEEE 2010 F&%, &2 7 K,
2010 4F JE 30X R/ H AR WS N . Ik, MR SRS ESEMUR, KR X R K R A1
MERRAE IR =, 1K AR IR T N B7 ¢ B AE R 2 KA I R BRI . K BRI B 18 LA (14
4(b)), YRIX K. FWHEZEPTE 48 H, KWHEHSEN 69%. F0HEE SFH 83%. KN H
e s A%, BWHETE 6 A%, XEWENEMENEBEHHEVIE . WX &K HFKEN 149.5
mm, HITE2017 47 A 1 H. &80, 24h BWEELEHRIE6h N, 1M 6 h FFN XLL 1~3 h PR 8

25 b, KUPIIXGT 21 4E AR T A 1388.5 mm, AR FEK AN A AT, A AERK B b
4~7 Ao ITAERIE X BR A K BAA DURRHE: 1) 3RIX 2 W H HHOM B R 5 B R ORI 2) WX
SR K 2 R I SRR, SREER. R PESR, LR R AT AR B SR TR K. N O R LB A
ISR “IRTT R R EU .
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Figure 4. (a) Annual variation trend of heavy rain and rainstorm days in Changsha urban area; (b) Monthly variation trend of
heavy rain and rainstorm days in Changsha urban area

4. (a) KIPHEX K. RMWBHFRENLES; (b) KIPBXKAR. FRHBEHZFATNIES

4. WA ARFHSHERENXR

FEAERARAZ R KT 5t LRI AL R, S SRt S thA N AR T — RBIIAEAL, n “ #v
RONE” o R R RN N R PR K OR R RO H 2339 IS (8] ST BT A S R AT
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KREAEY), PR T IR SR R R AT A 5T RS (A SRRFAE, 5 38 A TE B AR K
AT BT K B PR R (9]

giit 2010~2021 SEHRIX 16 YA 7 AR A 4% P4 B Xt I XAk B Bl 1~6 /N 5 oK 3R A e il (<
5), MHTRIIL, RE AN 3 R M A A 1~3 WA HL 1 /NS 2 /NI RERY R OR, D HCMEIAE 3
NI JE IR A BRI REK, — R IL S 3~6 N B KE I B AR . T34k, ST A I R )
ANBIER 1 /N B R R 20 mm 3 /N SR BART L 50 oK. DRI, AR SIIRIX A 7 RS I R A b
I, EEHE 1D FEKEM 3 /N R E.
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Figure 5. Maximum accumulated rainfall in 1 to 6 hours during 16 cases of waterlogging in Changsha
urban area (unit: millimeter)

B 5. KX 16 RNFEIZIE 1~6 NITRARIAPEMB(RNM: mm)

5. WA RS TR e RO AL

4iit 2007 E LR KIS T T E 3hik A4 1 /N 3 /N, RIS 5. AR IR AR
s, DIXONRAL, e FEARE. BERAEAS. &AME. 0.01%. 0.05%. 0.1%7 A 55504, I A43 3]
x1. £2.

B DX /NS B AR B (B DS 2R X A1, AT BB AR S X Sl s/ 1A S R K 350 A 7E 80~100 2K X T
WALIX, X2 1 /N RY RIS 80 A2 A iy A0 oy % WY Ik P2 4038 i 17 7™ B RO T A, 1 2020 4F 6
9 HROXIEER. 2021 428 H 17 HE i EE S 0.01% 75 M E KB AR AE 50~60 ZKVEH, K
AR (Wi 1), ELYEI T B By HEE I TAR 250 b R A BRI EUR M 0.1% M E AR TE 29~32 =K
U, RAESREAL, fEXbERPImiHKRga ek .

A B3R SrA, AIEIR TR B AR LA, R A AR T B, BB LB =G 1
I R B AR E A 30 2K, 50 2K, 70 =K, B, BEE IR 0.1% 50 RLE AT 0.01% 50 FifE, 41
5 SARAR (BB N TR, PRUEXT R 1 DL TGIR R, AR MR GE 00 i 3B & HE.
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Table 1. Historical data statistics of 1-hour rainfall in Changsha urban area

= 1. KIPHX 1 MR EREREST
SR W% ke ROAE EKE S BKE 001%fH 0.05%fH  0.1%(K
FEARL  PEWEL  FER LA (mm)  HELA MBI (mm) (o) (o)
o 2013-5-7
X 354,766 44,241 12.5% 63.5 R 4:00 54.7 37.0 29.8
\ . g 2020-6-9
FIX 888341 107,360  12.1% 774 WREHER 7500 61.5 38.1 322
EREX 1,296971 161,636 12.5% 88.7 PN s 20112.-3(-)26 52.9 38.6 31.8
L . . 2021-8-18
JFEIX 704,959 91,738 13.0% 83.3 RPN 2100 47.1 38.1 30.7
2020-6-9
MFEX 525293 67,709 12.9% 854 WX BUMF 2200 64.3 37.5 30.3
X 3,646,578 482,734 13.2% 99.7 Mg 20209(')%'10 54.9 38.1 30.0

e AU MR FEA P 5E

BIXH 3 N B RN 2 R BOR, MR TE 80~140 Z K TG, HME N 119.8 ZK; 0.01%7 M hiAEAH
YT, A ATAE 70~90 ZKJEH, ¥ME N 83.7 2K 0.1% D AEHB NG —, SATE 48~54 =K, HMH N
51 2K. RS 1 /NNTRIFER - AERT G R, PR E, B 2= 3 /N B R E bR &
EN S0 =K. 80 =K. 110 =K.

ZE L, YR BT A T B A AR AR N 1 NI BRK EE B 30 =2oKEk 3 /N RV EIAF] 50 =K
PFEEARAR A 1 /NI FEKEIAF] 50 oKL 3 /N BN EIA B 80 2K LG WRFRA: 1| /NI K E
LB 70 ZKEL 3 /N RN EIE ] 110 ZK.

Table 2. Historical data statistics of 3-hour rainfall in Changsha urban area

% 2. KPR 3 MR REHEST

N » I & KM 0.01%fE  0.05%fE  0.1%fE
4 FH b BOAE BOAE RO
FEARY  PEREC FERELH (o) P LB (mm) (o) (mm)
ERIX 354,766 67,360 19.0% 81.7 RE 20;3,'3(')23 72.4 57.2 50.3
\ . 4. 2020-6-10
FIX 888341 162,657  18.3% 134.7 MRS 770000 85.0 59.1 52.0
ERX  1,296971 240,720 18.6% 116.2 FEAE 2021?8(-)26 83.9 64.0 54.4
FHEX 704,959 136,201 19.3% 131.8 YOER 20112_'(%30 87.1 57.2 48.1
‘ 2016-6-15
FRAEIX 525293 101,612 19.3% 1200 Berstbatk = o 85.9 61.5 50.7
,—\—»g;n:/ﬂ—é— Ao
YR 3646578 717,512 197% 1345 1 TOSATH 2019621 oo 60.7 50.7
&7 20:00
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/NI BB OC R, IR PR T, R, L= ANEAN 1 N R E R RCE N 30
=K. 50 =K. 70 =K 3 /BRI EARMEBLE N 50 =K. 80 =K. 110 22K,
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