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Abstract: Based on hourly precipitation data from high-density national and regional stations in Guizhou

Province during the flood season (April—September) from 2010 to 2023, as well as Shuttle Radar Topography
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Mission (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 Province
by using multivariate terrain combination analysis and a geographically weighted regression (GWR)
model. The results show that rainstorms in Guizhou Province are distributed unevenly with three rain-
storm centers. The maximum frequency and intensity of rainstorms are concentrated in the southeastern
edge area and extremely heavy rainstorms are scattered. The rainstorm proportion is higher in the north-
eastern and central-southern parts of Guizhou Province. Rainstorm days show an increasing interannual
variability, peaking in 2020—2021. Rainstorms occur mainly in June and July, often accompanied by short-
time 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 BT—08:00 BT), and the rainfall intensi-
ty often reaches its peaks around 03:00 BT. Short-time heavy precipitation exhibits a pronounced noctur-
nal peak, and the nighttime precipitation is roughly twice the daytime precipitation, mainly concentrated in
the west and south of Guizhou Province and featured with eastward propagation. The Guizhou Province
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 cor-
related to precipitation. However, through the analysis of multiple terrain combinations, the explanatory
power of precipitation distribution has been enhanced. Slope, aspect, elevation, and reliefl exert nonlinear
effects. Rainstorm stations are the most in south aspects. Rainstorm frequency increases when slope is <C
20°, elevation ranges in 800— 1000 m, 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 fac-
tor in most areas of Guizhou Province, and the local influence of relief, slope and aspect is strong, mostly
concentrated in the vicinity of large relief or near rivers and mountains.
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Fig. 1 Spatial distributions of (a) slope, (b) aspect, and (c¢) relief in Guizhou Province



1094 A

% 952 %

28.5° N+

25.5 1

24.5 T T T T T T
103.5 104.5 105.5 106.5 107.5 108.5 109.5°E

()

28.5° N+

27.5 1

24.5 T T ; T T T
103.5 104.5 105.5 106.5 107.5 108.5 109.5°E

mm
28.5°N+ 144
128
27.5 12
96
80
26.5 o4
48
25.5 A 32
16
0
24.5
103.5 5°E
0,
%48
28.5°N-
42
36
27.5
30
24
26.5
18
12
25.5
6
0
24.5

103.5 104.5 105.5 106.5 107.5 108.5 109.5°E

B 2 2010—2023 4F VR M AE T2 () 2T » (b) KEET - (o) 7 KRBT BB K &
() BT B Lh 1 [ 7K o TR I 7 & L 9] 1) 25 ) 43 A

Fig. 2 Spatial distributions of annual mean (a—c) accumulated precipitations 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 Province during the flood season from 2010 to 2023

T AR 7S B KT AR L 8 PG F M b S 00 2 A p BB AR
W B DA b G B K 7 B 3 35 20 . B e N P R
7R T M G T S R4 I T R S R b L AE 4026 DA
FE 2d) . 2 R0 KR R AR K 5 TN 5K B & A
YA/ R B — A AN B I 64T 20 7 B SO
P 2% AL 46 22 T R B N SRR R .

IR 7K 58 5 Sk . B 2 T e K/ B R Ky
ATH A3 8 38 ST AL BB L 58T T AR AR L B R M AR
S5 1 ) 3R (] 3a) , Bl e KB 9167, 0 mm, H 3
ERKE R, ik 3 hRKEREX EENT
M ARG B B KR 325, 0 mm, BT IR B B
T90 75 % el 3 (&1 3b) . Fe K 6 h Fil 12 h [EoK & 40 Ah
553 h T 3 B K AR A AR AR R R (8] 3¢, 3d)
TH R KK 43 B A 358, 4 mm F1 367, 6 mm,
3t BAE S BH EL 0075 2% el ol R ol B e

10 151 7% o ) N\ S M E I Y VR VR A e S
ARSI, 2021 R £ (124 d), 2016 AEIRZ
(123 d),2021 4 J5 A Frok . R K380k 5
2010 4E (1) 1527 ANHEZFE 2023 4E (1) 3422 4>, BT

BT Ee CH B0 2% 0 3l e o T 50l A DX o A B
HE D ATE 88 B th 3G fa ¥4, 2015 48 J5 0 1 . A
59.4% FFF & 2020 414 90. 9%, Z 5 WS WL Bl .
2023 4E XA /NEEF(E 4a), WNZEH A RKE ., 5t
MMM 4 HIFIRZEA BN, 6—7 J1 K B0 (E, 8—
9 AZE /. 7T AW H L (309 .6 A
Z(300 &), fEZSMBEBWE .4 A BWIEN
LR 41 8%, 2 5% A J+ /.6 A ik 3l & K
(92.4%),7 AAG W (91.1%) , % £ 6 A 7%
HECE AT 7 H (H 52003 BB 3 5 (B 4b)

5 IR ,2010—2023 4F U 5t K 43 b X
T TN I R 1 B 2 e B R R K N E 2 HE 6020 LA
R MERFAE W] S, A AR BN G L A AR P LA
AR Jey b 7 B R 80 %6 . b i 2k LV SR b A B
TRy ML X GE B 100% . BL A, 5t M 5 T K
FREEm A, R X FE 6 h LA b L JEFB L K A
FERHGE S h H:FE 10 h L b, Ho i BES K
N B 1L ) R R e L O R M MR S L W
B T B 7 b U E ) KA.



B RAF 20102023 4F LM TP 5 TR 240 41 I 25 20 A1 4 AE B H T 52 ) 1095

26.5

25.5 1

24.5

T T T T T T
103.5 104.5 105.5 106.5 107.5 108.5 109.

28.5° N+

24.5

103.5 104.5 105.5 106.5 107.5 108.5 109.

5°E

5°E

T T T T T T
103.5 104.5 105.5 106.5 107.5 108.5 109.5°E

(@

24.5

103.5 104.5 105.5 106.5 107.5 108.5 109.5°E

B3 20102023 4E TR 55 4E F 2 B A K () 1 hy (B3 h, ()6 h ()12 h [ oK 428 [ 4> A
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Table 1 Distribution of rainstorm station counts under the combinations of top
ten topographic factors in Guizhou Province during the flood season from 2010 to 2023
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Fig. 11 Spatial distribution of dominant topographic
factors influencing the frequency of rainstorm

at all stations in Guizhou Province during the
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