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Temporal and spatial evolution of extreme precipitation at different altitudes in
Wenzhou City, China
BI Kexin' , DONG Zengchuan', LI Dayong', JIA Haiyong’, ZHU Shengnan', DAI Yu'

(1. College of Hydrology and Water resources, Hohai University, Nanjing 210098, China;
2. Wenzhou Hydrological Management Center, Wenzhou 325009, China)

Abstract: Based on precipitation data from 58 rainfall stations in Wenzhou City from 1970 to 2020, the spatio-temporal evolution of
nine extreme precipitation indices at different altitudes was analyzed by using the methods of moving averages, Mann-Kendall trend
test, inverse distance weight, and Spearman’s rank correlation test, and attribution analysis of changes in the indices was carried out.
The results show that there is a positive correlation between extreme precipitation indices and altitude, which is that the extreme
precipitation indices increase with altitude. The extreme precipitation indices, such as annual precipitation, exireme precipitation and
1-day maximum precipitation, all showed different degrees of increasing trends with time. The indices of extreme precipitation,
frequency of extreme precipitation and number of days of precipitation decrease from west to east in the spatial distribution of Wenzhou
City. Extreme precipitation thresholds vary significantly in space.
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Fig.3 Temporal changes in extreme precipitation indices in H1 from 1970 to 2020
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Fig.4 Temporal changes in extreme precipitation indices in H2 from 1970 to 2020

H2 XS AL, H 2 BER B AR PR A3 H2 XA BT O, H it i 4k B TH3) H3 X A i 7K <
F BRI 58 B2 A 2 PR R

H13% 2 IR, AR R K 8 BCF BIE BEE 4k A T i g o, O HL2 B s B —Bepia e, Rl , 280
e EALBEE R A T M R, K 9 AW s R K 8 B S 2 — ARSI /K 5 BE A0 4 K, (4
R95 EPI Rxlday Rx5day 1 PRCRTOT; 53 — SR MEKIR A FEEL, 1445 EPF RD .LPD 1 HPD, fREERFE/K
SR IFE B 3 N IX S TR #Y R95 Rx1day . Rx5day F1 PRCRTOT ¥J7E H3 X1 bl ok, H1 X1 b
FHAR B /N EPL AE H2 X b R e K 78 HI KA A3 R 5 /b (3 3 A Xy b R 48T
0.5(mm/d)/a, fREFAKIRIFEE EPF FIRD 75 H1 X R TR H3 X2 ETHESGLPD 78 3 X
B RRRHESEGHPD 76 3 X E FFHEH HAEE R /NTF 0. 5d/a, Mann-Kendall FA3KG 50 1) 25 R B H2
DX A g B /K TR RO HL DX TEBS(EL BRI 0 b, ELREH A 3 B 8 25 0 22 ST DX R g g /K
FfF, gi b R T AR K T, ELAR R K B AR S K S 5 52 SRR SRGR  5 B i Fag /K S 7 e e A X
SR HE B2 W 1 R Itk AR A K I SRR A R R T M T T S R U N 22 O e
PRI A RFEE I AL A 58 JBE R A A o T -
3.3 thimPE/kIEH = W ELHFE

K 58 AT Ak i ) i e 7K i 50 X R P BB g ISR 0925 0 7 7 2 AR AP, 7 1 2% W e g /K i i) 2
)53 (0 6) o HP 6 ] 20, TP A s A /A 18 K50 18] A1 R By v G 1) ZR 338 0, 78 PG -6 R g e DX
ZRAEHR S v (L DX T A SO AN R EL | v (s T WA S S Rl BT, 2 B 5 2 DX ) K
i, EAR S Ak A, K H B80T 2 5 AR DX, T 04 B ity | F2 B0 A 7R S MM T 4% DX 2R 0 i At
e AT AR AU T Sk T ki BT, 29 Tk 26 DI A i K e RN K H K8 424581t , 58 ST i



36 WK E el (AR RS R ) CHRRE

—— A SaMETE - - - SaMETRIENS
1400 - »y=3.50x +590.27 10  ¥=0.01x+8.07 160 - ¥=0.38x+73.40
1200 R?=0.3018 . R2=0.044 2 140 b R?=0.186 8
= 1000 — g 120
£ 00 £ 8 g 0
=S @ = 80
600 7 5 6
400 40 +
200 L L L L ) 6 L L L L ) 20 L L L L )
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
A0y A0y A0y
(a) R95 (b) EPF (c) EPL
400 - V=1.17x+144.81 500 - Y=1.31x+217.09 3000 r Y=0.30x+1970.85 R?=0.3952
350 L R?=0.2044 R’=0.226 1
400 g 2500
g 300 : i
e [_4 -
z > 300 S 2000
= 200 3 &
E Z 2
150 & 200 & 1500
100 ~
50 1 1 1 1 ] 100 1 | 1 1 1 l 000 1 1 1 1 ]
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Ay Efy gy
(d) Rx1day (e) Rx5day (f) PRCRTOT
2201 »=0.09x +172.08 160 1 y=-0.07x +120.02 35 1 ¥=0.10x+20.31
2 2_ 2_
oo | R=00231 R?=0.021 1 30 L R=0.544
140
o 180 T - 25
2 2 120 a
2 160 5 B 20
140 100 15
120 L L ' L ) 80 L L L 1 ) 10 1 L 1 1 )
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
4G 4 g AEf
(&) RD (h) LPD (i) HPD
5 1970—2020 &£ H3 X Rk IEHRT BT
Fig.5 Temporal changes in extreme precipitation indices in H3 from 1970 to 2020
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Table 2 Characteristic values of extreme precipitation indices in different altitude zones of Wenzhou City
R95 EPF EPI
MR 531X , , F-HME/ s
FEE/mm S/ (mm/a) z SFHfE/d B/ (d/a) z (mo/d) ((mm/d)/a) Z
H1 561.27 1.51 0. 65 7.23 -0.01 -0.89 77.30 0.31 0.68
H2 656. 98 3.39 2.24" 8.03 0 2.23" 82.38 0.43 2.48"
H3 709. 87 3.50 1.19 8.28 0.01 0.73 86. 56 0.38 0.53
RN K Rx1day RxSday PRCRTOT
FHE/ mm  #EFE/ (mm/a) A FHE/ mm  #EFE/ (mm/a) A FHE/ mm B (mm/a) 7
H1 152. 85 0.71 0.73 214.32 0. 69 0.53 1804.74 3.97 0.94
H2 172.96 1.15 2.36" 248.93 1.24 2.617 2067.73 5.75 2.437
H3 185. 08 1.17 0. 81 258.73 1.31 0.78 2193.58 6.30 1.72
. RD LPD HPD
X
SEHE/d s/ (d/a) A SEIE/d Fa#/ (d/a) A SEIE/d Fa#/ (d/a) A
H1 154.43 -0.13 -0. 88 107. 86 -0.35 -2.60" 18.95 0.06 1.58
H2 170. 28 0.09 2.21° 116.73 -0.08 2.45" 21.89 0.07 2.51°
H3 175. 05 0.09 0.58 117. 16 -0.07 -0.11 24.02 0.10 2.71°

VEL RS RT 95% T (X BERR Y, WA (LA S s Z 9 Mann-Kendall # #5Ka 0 it .
S Z AR K EEI(E R 1917, 511 mm , 24572 B /K S 1235, 370~2463. 200 mm; A 27 4> &t v
KAt A A, X Bl 25 2 40T IR T AR DX H IR T 32 M L e R L R O LA L ik s
M), DR A A [7) DX 3R St B8 AR AR A 1) 2 S 5K, DU 8 L 2R S W 1 ol B ) Tk A i R K
AR KB (R B L, ROS 14 e (R PR 7R AR 3 T MK G EL B bR SO S BE L P R AR A A3 Tk 53
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Fig. 6 Spatial distribution of extreme precipitation indices in Wenzhou City from 1970 to 2020
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Table 3 Correlation analysis of extreme precipitation indices in Wenzhou City
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Fig.7 Changes in extreme precipitation indices at different altitudes in Wenzhou City from 1970 to 2020
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