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Characteristics of spatiotemporal variation of monthly-scale extreme

precipitation in Shandong Province under climate warming
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Abstract : To reveal the multiscale variation law of extreme precipitation events under climate warming, based on the daily
precipitation data of the National Meteorological Station from 1961 to 2020, the spatiotemporal variation characteristics of
extreme precipitation events on the monthly scale in Shandong Province were analyzed using the percentile relative
threshold method. The results show that the monthly-scale extreme precipitation events in Shandong Province mainly
occurred in July and August with the annual frequency bigger than 40%. The annual frequency showed a decreasing trend
as one moves from southeast to northwest regions. The annual frequency and precipitation of extreme precipitation events
increased in most areas for all seasons except autumn and considerably increased in winter. After the mid-1980s, extreme
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precipitation events have generally increased and intensified, and their interannual changes have increased significantly.
The intensity of extreme precipitation in summer and winter increased significantly by 10 mm to 20 mm during 10 years in
summer in the central, southwestern, and peninsular areas of Shandong and 20% to 50% in winter months in Shandong
province. The precipitation instability generally increases under climate warming in Shandong, and it is necessary to
strengthen early warning and defense services for disaster risks such as rainstorm, flood, and blizzard.

Key words : Shandong Province; extreme precipitation; monthly scale; spatiotemporal distribution; changing
characteristics

SRS LG Wi S 0 S AR A T D SRR A A I 3 B4 BRI DX i 54 e K
SR 2 A s R s B O R C RS2 A I O . WS AR T AN [ DX A i e K 1 X A f
AE I S BASTE IR L >0 e R A M X AR R K 4 2 | A ZR RN Sy WY W AR R KA L b
BERZEAT PR T ORIRI 28 ROBEARAARSAEAN TR 20 v ] S b K SR s R i A 6y 6—7 1,
SRR AT Z (9 ) 3Ry 1—3 31220 ] - i e 7K =7 194 A F 1] 1285 SR (] 433 52 30 o 0 A
(R EE T AR

AR LT HP R ZR P T, BT T i i DX, R 3 L 3t 5, P S K G o B T AR i H e S L
B, ZR TR DR OR RN iy Lt P e o 32 A T B EAGHS 55 94 Xy e 90 bty Je LR A e XU, 4F
IR i 25 A 2 5 B ., SR B RIS R0 R L, L R R /K 2 B 1 R o P AL BB D S 3402 v
I Az AR, LR A8 AR K i S TR i i S R 8, A i DR A 1 B 00 i P 0 S D )
BB R AR S s ) 2 5 i 5, PG IS K e S L DX i e kR e K S o Ak R e
1961 AR LR RE/K H BRS04 SRR H A00et /0 1 8 T 5 5 1 A T 2% 1991 4 2 Ji5 i
it Bef K FE A0 P MR SR LA P 8 3 (gl s S22 R 4 M DX 0 S R A AR R 38 A7 A 44 e
JUHAE & b SO LA b DX S Y AR 340 S SRR AR R RUBE R T RUBE R T UL, 4R ok
TESEBRMY 55 T A 5 30 H RUBER S e /K e AR vl i AR U AR AR I B, 40 2020 4F 11 A 18 H, &+ &
TR 5 3t DX B 1 Dy S TR DL PR R R i K R, A 35 SRl i B, 59 B i I /K 2t Rl AR 4t )
HAC LK Dy AR AL, (AR AR RUBE 30K 2k B S PR K SRR, m] L AF (2 ROBE B ol 2 T K
A1 B I BER I S K 0 AN T AU A A AR . R 1 5 e o A i g K S 1 Sk 0 Tl 55 i
I3 TR S R K S AN R RS A A A AR B0, D, ARSI A R 10 W L R A B i ek <2
TESUMEAR W T 5N (R 25 AR ARSI, IS DAy 56 I 7 S5 9 T 41 R0 ey XU, T 8 A 5 4 Al o5 P i — i i 2 %
A

1 FARFTTIE

FORERIE T I AR A IRAF B 03 B 123 ANE R4 0G 1961—2020 452 HULINEEE | 2850 8o BT i
Pl SR Bl 3 o5, B PR E T ORI N SRR Y 93 S AR, . SR T A B i E 4%l H R R
SRR K AL, A DR R B4R ) A R T4 T 0.1 mm (9 H Bk W NERHERT , 7548 95% 737 5K
18, 73 A5 B0 ARG 25 H I om K B {E A5 Rl H oK & K T 8055 Ti% ki H T e H 0y 1Ak o B 7K
B EL, IS % H oA — R A RO SRR KR . RGeS B 4R 33 DA 45 R W s g 7K S A
R AR A K et A AR B K L B ) R AE MR 5502 S RO LU AR 5 AR A0% R iz T & AR AR s % 7K
PR AR50 AR ESO LUAE 5 B S BAe 7 i B oA ) RS A i R K B B 5 SR ) LU, SR PR A A0 ) 2R R 34 R
BN AT R K A AR A A S L B SR T R F A IR 4 B A o A K S A SRR PR AR AL Yt
FE RIS S5 280 S MR o R A Xt A A R



2 HRum B K B ARAFAE

2.1 A9

WA A R BER S K S BRI A R A, 1961—2020 4F | SEIAESR J 4.0 I, B2, 5 40% , % |
PR Z Y0 22.5% %450 5 15%, PN m K & AR SRR 1 31.5% , A &R 2%, 2 4E R
REZK Y 62.1% , FKTRIRZ , & T tie/b o BB KGR BEAEF-34 ) 53.7 mm/ IR, B Z= 55, 7 441582.2 mm/IK,
RRERR 2 AT tneN FRIRT DL T ROBE AR o A /K 5 R /K et 1 21 0 A J— 30

L1 R LIRS 45 W s B3 7K AT (LB BB 6 = M/ i R0 FHAT R AR A3 (AFHIR = R A AE Bl 8
R ATLAE T A IR R, AR 17.2% AR R 49.2% , 8 AIRZ, H &MY 13.8% , A4
N A%, Hfhas IR AR 10% , AEBCRITE 40% LT Hirfr 4.6 .9 A4ESIRN 30% L) F,5.10.11 A
M 20% ~30%;1—3 A 12 A HBUREAR, AFARHRAE 20% LT, 453 H REW SRR S, R F 8 EE
HT—8H , EF4 HmZ FE9 AL, XT8N B H5, & H Wbk 5 RN 15% ~
30% ,4—10H 1E 20% LA I, Hirh 7—8 H &t (¥4 30%) . 6—9 H Wil /K 3R BE7E 50 mm/ Wk LA |, Horhg A
o, S5 93.7 mm/IK 7T HIRZ

L AR A T A0 s e K S £ B3 A 4 A AR A3 0 A1
Fig.1 The frequency and annual frequency distribution of monthly extreme precipitation events in Shandong
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Table 1  Frequency of monthly-scale extreme precipitation events in Shandong Province from 1961 to 2020
A by AESERIIIIR /TR
=S Bz €S %2
T 3.6 41 84 65 28
e Niih 4 M 3.5 48 88 44 28
g 4.0 48 102 58 34
ik 3.5 41 95 47 26
=g e 3.8 43 88 57 40
T 3.7 40 98 47 36
] 3.9 46 100 55 30
B 3.9 58 97 51 26
iR 4.0 52 102 50 37
&
1 4.6 67 110 60 41
i 3.9 50 95 58 32
i 4.0 59 96 51 34
W 43 56 126 48 30
A 4.5 60 106 67 35
I 7 4.3 60 103 64 30
BRM .
Viwie 4.5 67 116 51 34
H g 4.7 64 119 63 38
[=F5 5.0 68 138 59 36
HE 43 67 102 57 30
RS} 4.6 56 97 68 56
IR BT 4.9 59 100 72 61
OB 5.1 64 109 68 62
il 42 71 93 51 39
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T4 U HAAEACT- A 22 A K Ml B /K AR PR AR e 20 424.6 mm (1964 4F) | #5:/0 4189.4 mm
(2002 4F) , A 16 435 250 mm A_b, Hid 10 4545 1989 4E 22 )5 5 AE M A K B 5 H e KOl 44.1% (2018 4F) |
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JH b 38 B, 1990s A1 20108 3495 U3 7E 30% LA b (P 2) o B s R /K o B 4% AR AR S B0 3/
{HAEBRAEAL R, 558 R 83.6 mm/IK (2019 4F) A7 12 4F 33K 60 mm/ W LA L, Forr 7 48 H 0AE 1985 4E 2 ),
1980s JJH 2 1990s J5 I 0 ik . H Al L, I R4 ) RUBE B Ak A 20 g 80 AR e I & 4 T3
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Fig.2 Evolution of annual frequency and extreme precipitation proportion of monthly-scale

extreme precipitation in Shandong from 1961 to 2020
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Fig.3 Variationrate of the frequency,extreme precipitation, andits proportion and intensity of

extreme precipitation events in each month in Shandong before and after 1985
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Table 2 I statistics of monthly-scale extreme precipitation events in Shandong from 1986 to 2020 and 1961 to 1985

E| 1A 2H 3H 4A 5HA 6A 7H 8HA 9H 10A 1A 12A #F HZE BFF L£F 24
AR 1.81 2.28* 3.03* 0.47* 1.19 073 0.72 195" 095 1.12 3.63* 058 097 0.82 1.73 1.67 1.37

Mok 1.26 2.24* 3.84* 046* 1.06 061 061 224* 1.19 1.57 291* 0.75 0.87 0.87 137 1.65 1.11
WombKkE S 088 228* 1.30 097 1.02 1.60 1.26 2.59* 120 1.13 1.78 1.63 097 1.74 1.69 1.19 229*
WombgKERE 071 095 1.56 2.71* 0.65 3.28* 2.40* 2.52* 1.14 124 125 070 092 2.81* 2.23* 0.22* 1.39

R« Rl 0.05 WBE KT,

HAA N A DIAE2ACR T, 1960s 2 1970s HsifaK i BTRAE P TE 4 6—9 A, ZJ5A B, 1980s J&
W AR 4 H S A 2 (8 4(a) ), 40 11 F 7 1993 2015 4F B HIL 7% (2.1 1K), 1990 A4 Z A,
e I 7K B 7 HH B SR R 1) 7—8 B I 2 (I 4(b) ) , 25 A BBk it o L s (B g 22, Horp
2016 4F 2 A 12020 4F 11 H 435 3% 90.3% 1 81.7% ,2018 4F- 3—6 HIYTE 50% LA I, 1990 4E 2 J& , W i e
IKERBETE 7—8 H i m W B34 2 (8 4(c)) , BIARKE 7 H 24 VXMW mBE K58 BE K 90 mm/ IR B4R
1148 A 7 4R BAE 2000 25, Hi 2006 2014 4E 53503k 116.6 mm/ IR F1 107.8 mm/ 1K ;8 H 24 F-H
e ot P 7K B 38 100 mm/d A AR 36 10 4F 7 7 45 1 B 1990 4F 2 J5 , Hip 19931999 ,2001 2019 4 )3k
120 mm/d Pk b, FHICAT UL 3T 30 4F ) 1L AR 45 A Moms Rk 35 &4 1 A8 4k, 7—8 WA i 3 2 o

B4 1961—2020 4E1LIZR4E % A Wom Bk S48 AL A ]
Fig.4 Variation inmonthly extreme precipitation events in Shandong Province from 1961 to 2020
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Fig.5 Evolution of the proportion of monthly-scale extreme precipitation

in summer and winter in Shandong Province from 1961 to 2020
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Fig.6  Coefficient of variation of monthly extreme precipitation events in Shandong Province
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