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Abstract

The purpose of this study is to effectively reduce the adverse impacts of secondary disasters, such as
flash floods, urban waterlogging, and geological hazards caused by rainstorm, and to better serve
local governments and residents in Kaili City. By using hourly precipitation data from the Kaili Na-
tional Basic Meteorological Station and 34 ground-based automatic meteorological observation sta-
tions from 2012 to 2022, statistical analysis was conducted on the characteristics of rainstorm in
Kaili City. Combined with heavy rainfall disaster data provided by the Kaili Emergency Management
Bureau, the study investigates the “Three Major Call and Response Mechanisms” threshold. The re-
sults show that the number of average annual rainstorm stations in Kaili City is 80.6, with an average
of 14.8 heavy rain days. During the statistical period, June had the highest number of rainstorm days,
with 38 days, accounting for 23.9%. The peak monthly rainstorm station count also occurred in June,
reaching 261 stations. There were obvious temporal and spatial discontinuities in the number of
rainstorm days and the maximum daily rainfall. By combining rainstorm weather characteristics
with disaster data, the local “Three Major Call and Response Mechanisms” thresholds were revised
using the percentile method. The revised thresholds were applied to test the rainstorm weather pro-
cesses in 2024. The revised “Three Major Call and Response Mechanisms” standards are more objec-
tive and practical for local emergency calls and coordination work.
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2. FRFIFE

ASCERLT 2012 2 2022 FELH B K IEARS G ul L 34 AN B 2G5 BZ /N K
Hd, XL SN R REAE LA B g S i S R AR . RIS T A O T SR R T L T R
SUEHR . ERF T b, AR BRI ST T BORAENT T B AR, B E S AnE RS AL “ =
ANIY L™ 1) A b A o

SES: M EZR GBS B ETE) N AR R, BAE AN ATE 24 /NN 20 BFERH 20 B A
(1 2T Pk Rk BIEGE T 50 mm B, BIRCN—ANBEMH. Mo, #iZ R B KE R AETER (20 B2 K
H 08 i), WIFCNI AR 5 KAFEE R (08 I 22 20 ), RN EHRZEN .

3. RFAGIHHEHES R
3.1. REFENHFE

2012 % 2022 FFYLETTILHIL 163 RIVFEM AR, ¥ 887 ik, FIJEMUGIN 80.6, FIJEM
RECH 14.8 Ko BMUTIKTE 2015 FIEBNEME A 1), FiT 160 350K, 1M 2012 48, X 40 35k, HA
ELNAT 48 2 136 ik, BN RS, 2020 fFH%L, & 22 K, HIKGE 2015 F/20 K, &
DR 2012 A1 10 K, ZHEEMLE 11 2 17 RIEEN. NBERSMRELE 2), B 2017 FHRKEW
AN Z A, HRTEM R ERNREZ T AR, WIEEWGHEIX 58.51%, ERUA 18.99%. [FEE, 7%
5 F R R A B EE LD, U 1.3%. A 2 — 2w H R H R K EBED 50 mm
R 21.2%.
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Figure 1. Changes in the average number of stations experiencing rainstorms and average number of rainstorm days in Kaili
City from 2012 to 2022
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Figure 2. Changes in the annual number of stations experiencing rainstorms and the number of stations experiencing rainstorms
during day and night in Kaili City from 2012 to 2022
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3.2. RFAZNHFHE

2012 % 2022 FYLEN RN EEERES HE 9 ALK 3), H3 AZE 4 A& 10 HE 11 A#E®
BRAE, REBETF 3 H 13 H, SHE 11 A7 H. ARWHEE P IG5, 6 R3S, 38K,
HARE 23.9%, 7T HEBEHE, HEE20.12%. [RIFE, FERuhcl 2IREERLE 4), 6 %, 15 261
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Figure 3. Changes in the monthly average number of rainstorm days and the number of stations experiencing rainstorms in
Kaili City from 2012 to 2022
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Figure 4. Changes in the monthly average number of stations experiencing rainstorms and the number of stations experiencing
rainstorms during day and night in Kaili City from 2012 to 2022
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Figure 5. Changes in short-duration heavy rainfall (>20.0 mm/h) and maximum hourly rainfall from 20:00 to 20:00 (the next

day) in June and July in Kaili City from 2012 to 2022
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Figure 6. Distribution of maximum daily rainfall during rainstorm weather in Kaili City from 2012 to 2022

6. PLE™ 2012~2022 FRMASmAHMEMENH

5. “ZEAME" SMEHR
5.1. M50 BRI

IR TBUFIAT “ =ANIRL” FRfkikd 24 /e RERBEKEH0E, 708: (1) 4T 10 AMEL(HEE)24
h WIEKEIA 30~50 m, HBERTTRERFLERT; (2) 477 10 MEEE) 24 h FFF/KERIA 50~100 mm; (3) 4%
10 MEMETE) 24 h NFFKE > 100 mm. ST, RAESCHGT 500, JURTTRWIER 2004 LRI
HH S AN M A AR i 1 o BRI, AN 24 /NI SRR K B AR Y REAR R, Mk DU R SE R SR . iE
ISLBURT 7 9 ok 9 B i IO B R SR R, T X MY AR HEREAT BE R 4EEL . HEMBE A ST .

5.2. PLB™ 20172022 ERARSTERBEER

2017 4F 6 H 29 HZ R, L0 BERIEOLA AT (W 1 Fos):  H I R BT of Mol s 1 /NI f K
BTN BN 24.4~51.3 mm; 3 /M EK 45.6~82.2 mm; 6 /N B K% 2 60.8~105.9 mm; 12 /N e K PR
& 83.7~133.4 mm.

2018 4 6 H 21 HZ B, L% MG T (N 2 FroR): LS BT AT B2k i 1 /ZNE iR K
PN 28.3~46.3 mm; 3 /IR 56.6~91.8 mm; 6 /N KPR & 105.0~172.8 mm; 12 /N oK %
&= 166.3~230.3 mm-.
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Table 1. Towns (streets) with disasters during heavy rain on June 29, 2017 and corresponding short-term heavy rainfall

F 1.2017 £ 6 A 29 HRAEXSIRRHIARIBFEGENE) 53 NN EERIERHMEK

e oy | RRIREE e ok nmy O PPTBORBEREE 12 N BRREK

(mm) (mm) (mm)

JLE 40.9 70.2 81.3 98.7
K 24.4 45.6 76.9 93.7
KRR 40.4 65.6 843 122.7
21l 29.4 51.2 68.6 133.4
K 28.4 46.7 68.2 127.8
JiH) 38.7 79.5 93.6 116.5
35 27.6 59.1 60.8 83.7
W] 38.7 68.0 79.7 110.9
Pl 51.3 82.2 105.9 129.7
T 44.9 77.1 88.0 92.1

Table 2. Towns (streets) with disasters during heavy rain on June 21, 2018 and corresponding short-term heavy rainfall of
different magnitudes

F+2.2018 £ 6 A 21 HRMAXSIRRHIARIFHEGENE) 53 N AN EERIE R HMEK

H LI BT TE) 1 /N SR B 7K (mm) 3 /N i K B 7K R (mm) 6 /N 5 K B KB (mm) 12 /DN i KB 7K (mm)

Sl 46.3 91.8 172.8 230.3
K 28.3 56.6 105.0 173.9
KR 29.4 61.9 121.1 166.3

Table 3. Towns (streets) with disasters during heavy rain on June 22, 2020 and corresponding short-term heavy rainfall of
different magnitudes

% 3.2020 £ 6 A 22 HRMXSIRRHIARIBHEGENE) 53 NN EERIEREMEK

I TAEHEEIE) 1 /M RRE K& (mm) 3 M RRFEKE(mm) 6 /MR E (mm) 12 /M KK & (mm)

JiE) 39.2 57.2 63.4 103.0
T3 26.7 51.3 66.1 76.9
FHE 27.3 69.0 77.2 92.7
EH 39.7 65.7 79.0 92.3
TH 23.6 48.7 60.5 89.6

2020 4 6 H 22 HAZZM M, X BTG DL AT (2 3 From):  HYBILO BT 0 REsk s 1 /NI 8 K
PR BN 23.6~39.7 mm; 3 /M K 48.7~69.0 mm; 6 /NI E K PR & 60.5~79.0 mm; 12 /MK FE RS
 76.9~103.0 mm.

2021 4 5 [ 12 HZFMFEI, 200 R E OL (e 4 Fos): BISehrbEmgE i 7e 3 /Ny, [
ST RN AR SRR 3 /NI o ISR B R A 1 /NI K B R O 20.2~46.3 mm; 3 /N B
X 36.0~58.3 mm.

2021 4F 8 [ 24 HZFMFLI, 20 MG OL (e 5 fos): BISePrBEmgEhfE 6 /N, [HE
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RPN AR G T Fr2E 2] 6 /NI o H LI BT T B2 65 1 /N e KPRV &N 20.7~56.2 mm; 3 /NI f
K 44.8~115.5 mm; 6 /N H K FEN & 55.0~128.5 mm.

Table 4. Towns (streets) with disasters during heavy rain on May 12, 2021 and corresponding short-term heavy rainfall of
different magnitudes

F*4.2021 £ 5 A 12 HREMXSE LA R IFHEGEE) 53 RN TR E RGN @K

B R S (HIE) 1 /N F5e K P 7K B (mm) 3 /N B KB 7K B (mm)
IR 46.3 58.3
2l 322 433
B 25.5 47.7
KR 20.2 36.0
Tewn 435 53.0
Ly 35 37.1 53.8

Table 5. Towns (streets) with disasters during heavy rain on August 24, 2021 and corresponding short-term heavy rainfall of
different magnitudes

F5.2021 £ 8 A 24 HRMXSERRHIARBHIEGENE) S NN EERIERBMEK

HIL A B (1 1) 1 /Ny R 3 /NI B R B 6 /N B KB R
YR 20.7 44.8 55.0
G 56.2 84.8 97.1
3% 533 115.5 128.5

Table 6. Towns (streets) with disasters during heavy rain on July 18, 2022 and corresponding short-term heavy rainfall of
different magnitudes

F*6.2022 £ 7 A 18 HRMASIRRHIARIBFHEGENE) 53 NN EERIERHMEK

HELRIE BE(EE) 1 /N ORFEZK B (mm) 3 /N K B 7K B (mm) 6 /NN K B K B (mm) 12 /N S KR 7K B (mm)

FoE 80.3 125.8 126.3 132.0
1l 66.7 108.1 112.0 114.9
VA7) 101.2 154.6 160.7 166.6
K 51.3 95.7 99.7 100.9
ExH 38.8 73.5 78.1 79.9

2022 47 A 18 HAZZWRM, 20 PG O (W5 6 Frn): B9 - BT 0T 2k 5 1 /N B K
P& &N 38.8~101.2 mm; 3 /NFH K 73.5~154.6 mm; 6 /NiFE KPERN & 78.1~160.7 mm; 12 /N K[
W= 79.9~166.6 mm.
53. “=MYR” FHERAR

AL BTN AR KRR, 8 T 10 2R S 6 Rt Rk ER RN EYE, KIBR
MW EHEENES . SEAFERRR, BITRHAEMETTE, L 25%. 75% 90% AR i,
EXF 1 /NEF L 3 /NEE L 6 /BRI 12 /e RAR BRI AT RE R 4, B ERE BT A A SLERE ¢ =Ny
N7 b BT BN BRI SRR R, FATREE G RO K IE I LIRS ER, A E Y 2R 5 34t
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ZXWe, SR 25%%421h. 3h. 6h. 12 h B ERES AN 27.6 mm. 48.7 mm. 68.6 mm. 92.3
mm; 75%7>67 1he 3h. 6h. 12h BiFENES AN 463 mm. 77.1 mm. 1059 mm. 132.0mm; 90%7)
A7 1hy 3h. 6h. 12h BiFBENES BN 56.2 mm. 95.7 mm. 128.5 mm. 166.6 mm (21 7 7).

Table 7. Rainfall characteristics under each percentile value during heavy rain disaster weather in Kaili City (unit: mm)

7. PETRMRENRSIEFRZEMUETHREHEEMN: mm)

] Sfirfi }

N /M SNt
25% 75% 90%

1h 20.2 27.6 46.3 56.2 101.2

3h 36.0 48.7 77.1 95.7 154.6

6h 55.0 68.6 105.9 128.5 172.8

12h 76.9 923 132.0 166.6 230.3

54. “ZEAMRN” FRAERS

BETEAIER, ROTBOE T =ADAEZO R RFRHE, 52 AT A8 51 K 1) 9 T 12 LA R .
— IR (DA SRR 9 F B O )X RABCR 5, B s o (DX R K K LA B . & 20 iy
LA 7 AR 25% 75%~ 90% i 1 hy 3hy 6h. 12 h EURKWE.

HARRI 30 F

— KB 2 EBEE N EIAF 1 h/30mm. 3 h/50mm. 6 h/70mm. 12 h/90mm H.B& R FrEEr, {4
PEN 53 FL 1 38 R A % BT AT A K T R P =

EHHAD): B{WEZEF] 1 h/50mm. 3h/80mm. 6h/105mm. 12 h/130mm FFEMEFEER, EIS
HEAT HRAT LY B

AL D): SR EEF 1 h/60mm. 3h/100mm. 6h/130mm. 12h/165mm H &R FFEEnr, IS
FELAE Y N 5 b4 2 T BUR E BT .

XEEFRAELE G 7 HLE T T 10 21 B RVRFAE At R AR 0 i, B AR B RO AR T B ok TAE

5.5. ®EIT “ZAMR” FRER N AR

S BT IR T “ =SS FRAELE 2024 4F 6 H 29 HIWER N K15 3] 7 SR N E. 20K,
e D B LS W R T 1 /NP Y R IA 30.0 mmy, BV B — MO Y N A 3 h RARFEK RN 71.8 mm,
WIER) 3 h BT R R E LN Y RARHE 80 mm, WSS EL AR, 24 12 /N BAAFEKEN 139.2 mm
i, RADRECE TSR, WERFRERRM N . hGE RS, SR TENRE T ITRN 2R S
W, AR T ET K. SEERY, LR 24 /N BN EARE, BTEH “ =R bR
HESRAL T B 2 U AT I RO BB %, P TAESE A P, KIERER T 5N R TAEEMEaK, LA
RS EMME .

6. &g

(1) 2012~2022 4F[a]), PLHETT RIS ETT 887 ¥k, F5 80.6 3, 1 2015 FH 2 1A 160 . FEFN
H¥CH 163 R, 3148 K, FEERLE 6 H, HRFERERMEEIRN 29.29% M 2/ HEL 23.9%.

(2) PLETTRKH SN RN S0 A%, PHE. MEliE, B, SHREEIARE, BMWEZE
90~110 mm 2 [d],
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(3) St KAETIRL, EPXT 2012~2022 K H FE /K E B BAELLAR L, BT H6E 7 UL

AR AR

(4)5~8 H &M ubE % FHm KW, 24 B3l 2k 2R B{E(1 h/30mm. 3 h/50mm. 6 h/70mm. 12

h/90mm % PA 1) HFE M FREENT, 5B Es) “ =" K|S

(5) 2024 SERM R RE , BTG “ =AMN” FRAEfFE] TAS KSR, AR T EUR AR E,

S 24 2 7 7 3K
E&ME

FINE AR BB H (A RHE[2023108-07 5):  (HLETTMRBEK “ =AM B EREBT

WETE) 5 BSAFHERHE EA[2024]0014 ST H (L T X 2% W 9 5 24 2 ) b R R R R 0 BT 7T )
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