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Fine-Scale Spatiotemporal Characteristics and Topographic Influence of

Rainstorms in Guizhou Province from April to September

LI Zhiyu? ZHU Yulei® YANG Jing? WEI Tao® GU Tianhong® SHANG Yuanyuan®

1 Heavy Rainfall Research Center of China, Wuhan 430070
2 Guizhou Meteorological Observatory, Guiyang 550002
3 Guizhou Ecological and Agricultural Meteorology Center, Guiyang 550002

Abstract: Based on hourly precipitation data from high-density national and regional stations in
Guizhou Province from April to September in 2010 - 2023, as well as SRTM elevation data and
ERAS reanalysis data, this study systematically investigates the fine-scale spatio-temporal
characteristics of rainstorms and their relationships with terrain in Guizhou by using multivariate
terrain combination analysis and a geographically weighted regression (GWR) model. The results
show that rainstorms in Guizhou are distributed unevenly with three rainstorm centers. The
maximum frequency and intensity of rainstorms are concentrated in the southeastern edge area
extremely heavy rainstorms are scattered. The rainstorm proportion is higher in the northeastern
central-southern parts of Guizhou. Rainstorm days show an increasing interannual variability,
peaking in 2020 - 2021. Rainstorms occur mainly in June and July, often accompanied by
short-duration heavy precipitation and lasting for a long time, which poses high disaster risks.
Diurnal variation of precipitation is unimodal and dominated by nocturnal rain (22:00 - 08:00 BT),
and the rainfall intensity often reaches ‘its peaks around 03:00 BT. Short-duration heavy
precipitation exhibits a pronounced nocturnal peak, and the nighttime precipitation amount is
roughly twice the daytime precipitation, mainly concentrated in the west and south of Guizhou
and featured with eastward propagation. The Guizhou rainstorm-prone areas correspond to the
topographic uplift zones of the Beipan River, Leigong Mountain, and Fanjing Mountain, reflecting
terrain — wind coupling. Single terrain factors are weak to be directly correlated to precipitation.
However, through the analysis of multiple terrain combinations, the explanatory power of
precipitation distribution has been enhanced. Slope, aspect, elevation, and relief exert nonlinear
effects. Rainstorm stations are the most in south aspects. Rainstorm frequency increases when
slope is <20° , elevation ranges in 800 - 1,000m, and relief is <200 m, but decreases beyond
these thresholds. The combined analysis indicates that the steep/moderate slope, south aspect,
medium elevation, large/medium relief, and windward slope has the strongest triggering effect.
The GWR model diagnosis suggests that there is obvious spatial heterogeneity in the influence of
topographic factors.. Elevation is the dominant factor in most areas of Guizhou, and the local
influence of relief, slope and aspect is strong, mostly concentrated in the vicinity of large relief or
near rivers and mountains.

Key words: rainstorms in Guizhou Province, refined characteristics, terrain influence,
geographically weighted regression model (GWR)
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TR 2R IR, W AR R SRR (RS, 2013; BAHESF, 2018) , KK
PERURIHBE SR Y, TR BEROR (R B TR AE, 2016 M 404055, 2025) , Izt A I5fa 55,
e 5 U5 R B e A i SR AR T 7 L Y R XN R 2B A 7 22 4 (7 0L 5%, 2021
JASCEE, 20210 5 RO PG b X2 R A ST S R B B A B S SO 2

ST TG R AR, BRI ARG, Al R B =ERL, LA
2 54 SRR 97%, ZRE Ll S tm . FIRERRDRE 2 —. 5
KU, SRR BA B RS A A SR, A7AE 32 M LA 1L ADREAE (B T5%
2, 2023) , [FINFAERR. FEARPREAFE R (Zhuetal, 2022) , PUZEIALER BIIRN
L%, DS v R R KR T K o B 58 (3 T4 2%, 2023) o K44 [X F 55 =28 mm ™,
HAW5E =30 mm h A I SREEOK HO I R T R A (BAHESE, 2018) o W
FEERE 5—9 A (F35%%, 2013) , HEMPF/KES A RIS m M (F35%, 2015,
Forh R B VOB XA TV R ANk BERE NI T (B &SR, 2012) . it
SRR T B N H AU AR RGBS (F555, 2013) , HhamPé/K H AR K S8 & Bt CH
W95, 2018; Chengetal, 2019) , #R¥mbE/K LR AIIA 30%~35% (VEMESE, 2021) .

R KREE R TR NRERSRGSE, Kb g mre 20 E 2. i
LR, BRI 4340 K FE 43 BUE% (Yuan et al, 2010; Xu and Zipser, 2011; BRAm%%E,
2013; FUEEAZAEE, 2016; BhKHE, 20200 , MR SRR ST KT SRR
PRI LA S AR T E [0 AR B H A 2 = A T v FROBEFAIAS , 14 ) 2 R Sy e i e /K 1 2
R IE CEEEB4%, 2005; BEESE, 2007; B4, 2017; FRMESE, 2018; BXITH4EE, 2023) .
M IIBN 77 AN T i B S B FR SRR (Smiith, 1979) , R HVEIZE
WAL B0 HZSLHFAE (Yuetal, 2007a; 2007b; 2010; Zhengetal, 2008; L%,
2023) o SEM &, LA BRIEK S 2 b/ R 2 TEA 1o A RRAE 5 R B DIAR OC (B3 %%,
2021) , [EKBESE MY mFE AN B I8 /> (Tan etal, 2024) . [ARF, AS[FE X 4
PEXTBE K P SENAAFAEZE 5 o R BT R R AR AL 3 1 I SRR VE B R A 2B 5K X (i HT
PHANZEE T, 20200 5 76 p 0 /N R 11t S X A 4 A Fa T a3 1L XK W9 T
PR T EEA R KA HEREE, 2010) , ik L AR OGO AR A0 5 A P A 45 P
AR TR (BRZESE, 20200 o BbAh, SEMIRRAIEER S (I A 50 B4 K

WmEEAMHR (555, 2017) .

PG X A AR i P K A 25 1 N CGRRERRIZR RS, 2014 R 1 JLAR, 2022) .« £
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BIRMTE M T, B2 M 5 P 7K ) R AR e e IX 4822 13 52 2% (Liu et al, 2015; Zhang, 2020),
Sl 55 TR SRR PG RE B B T e R o AR, R AT B M 9 [ ) 25 o AR LA
ARG, AR SCHIIRIE OB Z o B 1T AR 5 N 48 DX S GOM I35 1 174 7 8 A W
DR L R BT, R R e O B8040 4 2 MRS R AR AE O T R o AR SR A B
2010 AFDARE G G, CRIFRE ) X IR GO CRipRIX skt ) 3B/
iy TEDULIN B 7K BERE L B SRTM 90 m 43 7% 2% v B 254 DA A R mh 3 R U Fi Hh 2 (ECMWIF)D
PRHf) ERAS FEAM TS, R GUTE T S MV B I (R RS 4R A0 23 23 A1 R H ARG RFAE, il
% JCHE AL A S T S R DL EE (GWRD BEAY, R0 5 W 73 A % 52 2% b T (0 5 41114 [
KFR, LS K TR A B 2 M T S SO R B R
1 BRI L
1.1 &8

SO 20102023 4E 57 M5 A5 2 Hh O A 1 61 53t 0 DX 40t 128 /N B /K B
EExt s 4—9 A G BERIWFFTHT . Goil ik R b i St 553l /N e /K B AT S A% R
7R B4 1, B BI04 B H /K B o 45— R K B Bl i, 24 Ao Bl 4k 7 5
3h. 6h Al 12 h Z5EA[E 3T B K B AT 7 VAR b MRS E S SR E 2 (B AE B K
EFEARE) (BN ETTIZ B, 2007) , ¥ 1h FKE=20.0 mm & SO 3%
K, 24h (20 FFZEYKH 20 ) 7K & 50.0~99.9 mm AN, 100.0~200.0 mm N AR, =
200.0 mm NHFRFEN . Bb4h, KH SRTM 90 m ¥R e B st r e R i &, R
ECMWF $2 L) [FIHH ERAS FE 40417 R B R I %A T IR 5 b B 2 %ot B K BRI B SC PP T
FA B Ta) 259 A6 5
1.2 5%
1.2.1 3 A F

AICHIF SRTM 90 m 73 R B 0 v S RE . Bl TR RS AR B2 S5 % (61
IR U AR 20K 5 M DR T4 i S M B3 . [N, I ERAS 850 hPa A7 $idie i 51
ERTTERONFER (PMIBARSE, 2004) o B HIEE T AR AR

2 2
Siope = arctan( (Ej + az ) D
dx dy
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A, = 57.29578 *arctan( (dyj (dzj) 2)

dx
R=27,—Znun (3

_ Jcos(7(Ageet —5+360)/180)+1 (0" <Ager </5))
PWEI _{Cos(ﬂ'(Aspect_ﬂ)/lso)"'l (B Agec; <3607)) 4

ﬁl:':‘: Slopey‘jﬁg'fﬁy Aspect%jﬁﬁ{g_; R y‘ji‘mﬂ%@'ﬁt§7 PWEI %imﬁﬁﬁ&@?gﬁ, Z y‘j
R, X Ay AKTEEES, B AIA o S5 A MR &1 5 [ AT &, S REE LY 0360

AR EETHENE Y 12 kmX 12 km BTk . ERIT FRANFEEGE DY 0~2, Herp 0~1 9l X
W, 1~2 Jy R

K1 NSRRI« 350m) DL AR AR B At IR 1 B 28 TR) 3 A B, IR Im 7 849 L
T W BV LA S BN FEE . Hodr, REe A TARA AT, HAREIVE, YEE fa
P= Bz b, RErdbm s CBPE M, 2010 5 B A I TR R AR T e VR N (25
AREMD Bl AL G0 SN PYE 2 (8], Fes B AR R PO R s BV LRIRAE 51
5N BTG L BLAE N B K T S B DU B AT AR v I BV N KR 70 T B S 7L RIS AR N A
AN —RIE—EFE—% a— i F—RE N NS A e EEREGEE (B E5%,
2024) o MK LRI, B AR B e AR DY A s R L TR AL DL B RV AR M
FEL) T 40260 H 5 R FE7K A0 H BIAERE # Ll AR O R A Ak B 2 By, K H B /K ik 371.5
mm (& 1a) . MEME, SNEANBR B8 Rl 5o AR M LA e A 2R
B3 4 /4 1 SO 11 7 i o A AR 5 [ e | o A R i ) W e i 1 9 e 4 [ /A SR X S 1
FEH XN ME (B 1b) o S3EEAREL STMIPER. AR FL gt e R
FEBAR, L. T8 A B e L X R AT DX b TR R AR B AR e e, LR i K
AR FE RN 1036 m, FHAILN 757 m, JLFITHEN 945 m (1o .
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Fig. 1 Spatial distribution of (a) slope, (b) aspect, and (c) relief in Guizhou Province.

1.2.2 332 AR =] Y2 AL AN

AR A EIIAL RN (GWR) B HE— 3512 Wi A 7] B R -6 T 5 M1 28 1 2347 R 5%
M. GWR & — b2 i) Jm AN Iml A AR, )i B T M T R 1 5 P K 5% SR AT 5 v
(Brunsdon etal, 2001; Kumarietal, 2017; 5K#%01%F, 2021) , AU IE I i N7 % k)
JRFBIENATTRE, LW R B E B A A1 S IR A B 5, 317 s e [ AR B xf R AR B AR 2 1
TER (84L%, 2022; 2023) . HItHEARWT:

Y. :ﬂo(ui,vi)+zl'::1ﬂk(ui,vi)xik +&,,1<i<nl<k<P (5)

A AR, NN KIS, K OASK MR T, P oA REE T A
B,y NI RREKE, By (U, V) izl s s M AR B EREE, B (U, V) KA

HASEAE Zut sl B AR (U, V) ERRHERE, X T DR K MR T, g iR

ZEI
2 gt s Rt

2.1 RN SHEHE

K 2 79 2010—2023 S 51 M & A [F R PR M A T 2 Bk R (B A MK &/ 840
AN o AT, BN R A B B RS R A, R K R A X R A
HLE SN BB AN ZR S, PEALE D o B AR B M EE 0 AR T AR AL B T e R 22 Mt
T AL 24 G B M UG A7 B AR Hh o o AT S0 S s R A9 3 22 ATV B i (45 81 10,
LAET KRS B0 393.9 mm A1378.1 mm, (IEEERIFM (K22 . DERTEE
S FEIAN A, SR AR O EEA TR ANEOKM R =i (M, 2020)
(R o 2 FE RN 7R, R L A E O R R A X . & 2b R, SN K#W
FEAE 3 ANBEAK AL, 43 BB T BN A PERE B ARG LA AR R, b oK K 0 T 75
IR SHURRIX i ggsl, PR KEE 216.6 mm, KEFFIREAEEHRE (231K . Mt
R RERER A RS ATAR R A3 EATEE TR SN AR R . ARALER AT ARk ARk
FIFETL B/ SIE 14 4R R A 5 Ik, Hodr AR RRSs P PR ROk (102.9mm) , “Fkskik
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REHTR VAN (B RN RMIAZ. . S aipg i, ANEKT AR, 257 rg 1L
NG & LD R FEK s 50%LL b, BSEG M PE R0 B 2R g M 1 R AN 22 i
el R o L 60%, 2L U HLuk S i E (89.7%: K&l 2d) o T RBEMARE KRN
SRR R AU X A, DRI R 48— A N BT 2 #T

(a) RFFEKE (b) KRR

360
220 28.5° N
280
240 27.5° N

200

28.5° N

27.5° N

2.5° N 160 26,50 N 9%
120
)
80
25.5° N 25.5° N
4 &0
0 0
24.5° N s . 24.5° N . .
103.5° E104.5° E105.5° E106.5° E107.5° E108.5° E109.5° E 103.5° E104.5° E105.5° E106.5° E107.5° E108.5° E109.5° E
(o) FFARMMBEKE (d) STUHABE K & &5 tE
10 .
28.5° N 28.5° N
90 64
‘ b 56
27.5° N 27.5° N 46
o 4
26.5° N 45 26.5° N4 32
a5 %
16
25.5° N 15 25.5° N
8
0 0
24.5° N 24.5° N
103.5° E104.5° E105.5° E106.5° E107.5° E108.5° E109.5° E 103.5° E104.5° E105.5° E106.5° E107.5° E108.5° E109.5° E

B 2 2010—2023 S ST (a) 2N, (b) KEM. (o) FrREMRIFFHKR (R mm) M (d
FEF UL B R B E SRS B K E B A A (B %)
Fig. 2 Spatial distributions of (a, b, ¢) accumulated precipitation of (a) rainstorm, (b) heavy rainstorm and (c)
extremely heavy rainstorm, and (d) the proportion of accumulated precipitation of rainstorm and above to total
precipitation in Guizhou during the flood season from 2010 to 2023

MBEAKGRPERT B Z T B Lh b5 K /N B K B A B B, 8 ST AR BE T
ZRA B R b AR A A O/ R K R (B 33D, SR B 167.0 mm,  HHIR
FERUKE mdnh o 3 h Bk R X LT S AR SR g 30, S 1s 7l i 9 22T AL
EYVG R MR 0. BYZAR P MM R A5, 3 h KRR K&y 325.0 mm, BT FFBHEL T 26
s (B 3b) o 6h Al 12h Bk S 3h 2, SRPEKERERTRIRG T, S5MKEKE
DX, KA A0 A FEEAT TR 0 AL B Vam MR R 0 B M b, B 7R
PHPE R LA S T rE A AR R (B 3c,d) o 6 h sk Ff/KE N 358.4 mm,  [A#F H BLLE T FH
BT %k, 12 h o KMEKE 367.6 mm, HILER LB mE .
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185 during the flood season from 2010 to 2023
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Fig. 4 (a) Annual variations of the number of days with rainstorm and above (gray bar), percentage of stations with
rainstorm (red curve), and total number of stations (blue number); and (b) monthly variations of the number of
days with rainstorm and above (gray bar) and percentage of stations with rainstorm (red curve) in Guizhou during
the flood season from 2010 to 2023
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Fig. 5 Spatial distributions of (a) the proportion of short-duration severe precipitation of rainstorm and above
(unit: %) and (b) precipitation duration (unit: h) in Guizhou during the flood season from 2010 to 2023



211

212

213

214

215

216

217

218

219

220

221

222

223

224
225

226

227

228

229

230

231

232

233

234

235

236

237

2.2 ZEMBETHHE

BT NWEFCR B, PR IX K HARAC IR B (Yu et al, 2007b) , 52 Z=[aKIEAE H
WAL PR (Qianetal, 2015; K15, 2021; 4°4H, 2021) . 4 2010—2023 I 51N F& R
S VA 5 B /KA o 2% /NS B KB 23l EAT SR, FERR DL RSO ol B, 153 B 5 4 2 4
PRI R RN AR, WL, SN K H AR T R IR A, SRR AR 22 I &
CH 08 I, Hrfr 01—05 I /N K E 5, 03 MisRIR A CF¥Jy 104 mm) , HRRE
KL, 11—20 IF-FIE /N K E4EREAE 2.5 mm A (B 6) o MPEKIEERE, F
MU AR 2 Y BLAERCH], JEH A 02—03 I, 3 B R FR & R i VRO 7163 ul vk, T Y BAE R
FRy kAL, ANy 1300~1900 3k (1] 6 WD o BeAh, R iy i Kkt 5 A7 W St ) 1 AR P AE
NI JEHSR RGN, 02 Mk B R (7553 uhiR) , TMiJEZE A, 13 I IAR|H/N. 57T
PIEAFIARE, R SR KR e B0 O RE, 19 I MBLRIEME, (H5RET /TR
VEAE, EIARCTRRDELEH (%)
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