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Abstract : In recent years, extreme precipitation events have become increasingly frequent in Shandong Province. To
improve the monitoring, forecasting, and early warning of these short-duration events, this study analyzes minute-level
precipitation data from 99 national meteorological stations in Shandong Province, covering the period from 1991 to 2020.
Using the climate tendency rate, wavelet analysis, and empirical orthogonal function decomposition, we examine the
spatiotemporal distribution and variability of annual maximum precipitation across different short durations. The results
indicate that both the average and maximum values of annual maximum precipitation for all short durations increase
progressively from central and eastern Shandong outward, peaking in southern Shandong. In most parts of southern
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Shandong, these annual maxima show a decreasing trend over time, whereas most other areas exhibit an increasing
trend. For 5 min durations, the spatial variability trends are generally consistent, with intensity centers located in
northwestern Shandong. For the 30 min and 60 min durations, eastern and southern Shandong, as well as the eastern
Shandong Peninsula, show trends opposite to those in other regions, with negative intensity centers in central-western,
northwestern, and southwestern Shandong. For the 90 min, 120 min, and 180 min durations, the eastern central region and
the eastern Shandong Peninsula display opposite trends, with positive intensity centers in southwestern Shandong. Each
duration shows significant 2 to 3 year periodicities. An abrupt change was detected in 2004 for the 5 min duration, leading
to a marked decrease thereafter, whereas no abrupt changes were observed for other durations. Overall, most annual
maximum short-duration precipitation events in Shandong exhibit an increasing trend. These findings underscore the
importance of enhancing monitoring efforts and revising storm intensity formulas, particularly in southern and northwestern
Shandong.
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Fig.1 Spatial distribution of meteorological observation stations in Shandong Province
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Fig.2  Spatial distribution of average annual maximum precipitationfor different durations (1991 to 2020)



PRS2  \LAR S I AF e KRR o A RS AR A fiE

" BokE/m

© BOkE/m

[143.4~485 [148.5~55.0
[7148.6~53.6 [155.1~61.4
[ 53.7~58.6 B 61.5~67.9
. 58.7~63.7 B 68.0~74.3
N 63.8~68.8 . 74.4~80.8
FES: 6S(2017)3320% HES: 6S(2017)3320%5
(e) 120 min (f) 180 min
80 — = 30 min-5 min — 60 min-5 min
70 ~— 90 min-5 min — 120 min-5 min
60 —— 180 min-5 min
g
& 50
40
%
30
20
10 -
0 | ! | | 1 ! ]
1 15 29 43 57 71 85 99

i RS
(g) &Pt 55 minfiit i) 2 57 2% (8] 43 A

Pl 2(%%)

B P AR T DX K i T B SR P2 5 K (P 3) | B KB BRAE I U7, O 6.9 mm, & Hr i 23R M X
G PG IR R X F /0N, Foe/IMEL H BRAE T 1, O 3.8 mam, (AR phy 5 vl vl 24350 1) U 9 3o 84 1) WG 29 84 ) vk
/I, 23 A HL AR 15 25 0 13 PP B 4F i e K 2 [ Al — 3

P K B2 384 T8 ¥ /mm
[13.8~4.4
[4.5~5.0
Em51~5.7
B 58~6.3

#HEG: GS(2017)3320% EN6.4~6.9

P13 1991—2020 45 F- 3494 doe Rk 7Ktk B 13 s Fr) 6 Jon s 2
Fig.3 Increase in average annual maximum precipitation with duration ( 1991 to 2020)

2.1.2 42075 B R K AR ARAE 18] 5 A

Pl 4 25 1 LLZR 6 g o A B R R KR R A 25 B] 43 A, B 220 1173 30 A A [ 1 g o 4 e R R 7K U {1 14 53
ATRFAE X HEZK8 3 1 (B R T B KK AR 2, B 4(a) R ,5 min J7BHE R R BRI KE B &
o 1] O L SE N, 65 e 3t DX RN 5 2R XA R (B A v T B 3 X S R R BUAE R &5, 4 36.3 mm, /IME
HBAETE R,y 13.3 mm; 81 4(b) 71,30 min Jg I 4F S5 R 3 K B AR i - v e 38 1y 10 ) 186 0m , &8- Pa 4G b v
TS RN g 22 50 DX R A v T I B b X S KB R AR IR YT, 9 84,1 mm, S/ ME H BUAE IS 1, 8 46.0 mm; i 5]



4(c)F it ,60 min [y AR fe KB KA B & e e 30 1) 10 Josl 38500, 65 i DX 2 B2 R 950 b DR R 1 8 1 v
THEHIX  H KA IAENGT , 4 143.3 mm, S/MEHIERTE, 7 61.2 mm; B8 4(d) B 90 min JIEHAFE
SRR A AL F 65 e e S 1) G JR R, 5 o i DX AR A o T B b DX, i KB BRAE 3, O 187.7 mm,
o/ ME PR IS TE 4 68.0 mm; Kl 4(e) B H, 120 min [ B AF S KRR K B RAE B & b b5 1) DU JE1 386, € e
Mo XA RS AR TR T B X, e R BRI 36, A 214.7 mm, fie/ME HELLE T, N 68.4 mm; H1 & 4(6) &
H, 180 min [ B AT S5 KR AR A AR pl 65 r m s AR WG b A 3500 i D 3 o, 5 R A b K (8 Mk i 3 b
X B KA ARG YT, 2 249.1 mm, Fe/IME L IRAEIETE, O 81.8 mm, W&l 4(g) B i, 25 [0) 22 & I B )
S PNIITE: i

© Bekd/m

© Bkdk/m

C133~17.9 [146.0~53.6
118.0~225 53.7~61.2
22,6~27.1 61.3~68.8
027.2~31.7 . 68.9~76.4
—31.8~363 -76.5~84.1

5 6S(2017)33205 W5 S (2017)3320%

(a) 5 min (b) 30 min

Bkt /m

7 Ekit/m

1612~77.6 [168.0~91.9
E77.7~94.0 92.0~115.9
E94.1~110.5 9 116.0~139.8
. 110.6~126.9 I 139.9~163.8
.127.0~143.3 . 163.9~187.7
S 65(2017) 33205 WS 65(2017)3320%
(c) 60 min (d) 90 min

Wik /mm

/KAt /mm
[168.4~97.6 [181.8~115.3
[97.7~126.9 [ 115.4 ~148.7
B 127.0~156.1 [ 148.8~182.2
B 156.2~185.4 N 182.3~215.6
. 185.5~214.7 . 215.7~249.1
#HEE: 6S(2017)3320%5 HES: 65(2017)33205
(e) 120 min () 180 min

Bl 4 1991—2020 4EAN [ i ot 4F e KRk i KA 25 1) 43 A

Fig.4 Distribution of the annual maximum precipitation for different durations (1991 to 2020)
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