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1970—2019 £ BT RinE/KE G ST ERIT

AR, RILE, HEET, RS, & &', FHE

QLR R KA S BBt . Urrg 2520005 2. IR @R TS IR TR 4BE, UM 250101
WO T WSS R T R K S R 2 AR AR AR AR L R R R R 8 . Mann-Kendall 2828 40 87 L/ 40 A 45 ik 36 F
Ve T 19702019 4F 49 AT UG 50 a (3% H BEK SOk, 3 12 Ao oK 38 8O AT IF 58, 25 SRR W AR RR K &
(PRCRTOT) & B Wi 3 (p<<0.05) , B M # Ky 31.04 mm/10 a; L T 2 H 3 (CDD) 2 Kig F B H (p<<
0.05), TR # Ny 16.51 d/10 a, Wi H H 40 (RD) M ¥ B 7K H 2 (R95) AR 3 B /K B i (ROSPY 2 B BT 3 (p <<
0.05) , 4F [ /K 38 B 52 T B A 38 (p<C0.05)  FEARFE AU AN g 25 B I 3% TR 98 KR HH 204 0 A 7k I 280 Wb o 8 KL
ST R H U K & AR W B A A AR B A AN s 7E R AR b b S BRBUEAE 22~27 a,17~17 a,
7~10 a,4~5 a [ 4R I A as 6] 59 45 B, Ao B /K 8 AR s [ 2 S 0 e KR H 801 B KR At 5 H e KR
T 2t B AT A K ke 1 1X AR 2 v 7 D i T 0 0 X 7R R S L DX 3 S B T AR MR X P AR LR AR X, AV
B T A i g K A A, IO T A3 T HE K U P KU
KR ALK s BRKIEE B AR L DrEETH
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Spatiotemporal Characteristics of Extreme Precipitation in
Jinan During 1970—2019

ZHAO Qinrui', XU Lirong', SHI Yanfeng®, XU Zhenghe', XU Jing', XU Gongwei'
(1.School of Water Conservancy and Environment s University of Jinan, Jinan 252000, China ;

2.School of Municipal and Environmental Engineering , Shandong Jianzhu University, Jinan 250101, China)

Abstract: The spatiotemporal variations of extreme precipitation were analyzed for Jinan (from 1970 to 2019)
on the basis of 12 extreme precipitation indices derived from daily precipitation data at 49 meteorological
stations with the help of linear regression, Mann-Kendall test, continuous wavelet transform and other
methods. The main conclusions are as the followings. The annual precipitation (PRCRTOT) showed a significant
increasing trend (p<C0.05) at a rate of 31.04 mm/decade, while the continuous dry days (CDD) showed a
significant decreasing trend (p<C0.05) at a rate of 16.51 d/decade. The RD, R95 and R95P showed upward
trends(p <<0.05), and the SDII exhibited a downward trend (p <C0.05), while non-significant increasing
trends had been found for the other indices. Significant mutations were detected in the RD, R95, R95P, CDD
and PRCRTOT in the study area, while there was no significant mutation in the other extreme precipitation
indexes. Most extreme precipitation indexes had four main oscillation periods of 22~27-year, 14~17-year,
7~10-year and 4~5-year. There was great difference for most extreme precipitation indices in their spatial
distributions. For example, the Rr25, Rxlday, Rx5day and PRCRTOT were high in the old downtown, the
southeast mountainous area of Jinan City and Laiwu City, low in the northern suburbs of the study area. In
general, extreme precipitation events occurred frequently in Jinan, so urban drainage should be emphasized
to reduce the risk of waterlogging.

Keywords: extreme precipitation; precipitation index; temporal and spatial variation; Jinan City
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R K43 BE 4 2%, /N (0~9.9 mm) | 1 [ (10.0~
24,9 mm) . KM (25.0~49.9 mm) . & W (=50.0 mm),
FKERH 50 mm 1 H B K B 1E Sy A% o B K = 10 1) 1)
{H L H 1 F 4 R R b XK B8 58 4 4 B8 55— A off F
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{8, AR 7 VR R4 1970—2019 4F B4 H K & 4%
FHFHES K55 95 ASE ALY 50 a F- A AE Fy A iy
R K S B . 453 5 50 a [8] H R K B0t 1 4
WPESTHRAE WLER 2. i R ERE LR 5 a i3

PRt A3 1T W i e 7K A B 1) 31 ) R A
Mann-Kendall 2725 43 87 12207 43 ¥ 58 28 175 4 . Morlet
AN AT AT R A B R B R LA . B S D Are-
GIS 10.7 3 5 4 47 (H 125 047 5 )4 1 o 23 A A s e K
T8 B0 2 0] ROBE B oA LA

®1 WMmEKEHERREENX

A4 B 45 FE X AL
W H H RD AEN H K =0.1 mm /9 H % d
KT H %K Rr25 HF&/KE =25 mm 19 H % d
1 H 5 K R Rxlday AF P F i KR T 4 mm
5 HE KM & Rx5day NS S5 H iKMW mm
e it R 7K H %L R95 RN H FREK RS T 95 % BE H 82 d
AR 3 B3 7K A 1t R95P AR A KR T 95 % BIE K B 2> mm
AR s e 7K iR RI95 RPN H REK R E T 95 % B H Sk i mm/d
e i B 7K LE 3 R95C A i e 7K ARk o AR R K B 19 E 43 L %
TR H K CDD RN H KR RZ <] mm B30 KME d
22 E H X CWD AR H BEK R HFFSE>1 mm H $UR K E d
AEREIK & PRCRTOT AR H KR =01 mm ok &> mm
AR B K R SDII WK ESHEKE=] mm HEZ T mm/d
R 2 W RBEKERRMELIT T mm
o 8 o ity I /ME e KAE ERRIE -2 {H b 22
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NEE 31123250 248.5 667.5 408.00 411.06 110.69
FhEK 31126550 234.8 1049.9 530.95 541.95 188.08
e 31126600 209.7 655.7 397.20 421.27 126.53
B FH 31126650 214.3 889.7 529.90 529.76 183.80
H A% 31126700 179.8 690.0 342.40 377.43 132.61
= 31126750 250.8 806.1 491.00 513.24 148.64
7R by 41428300 234.6 894.6 514.14 529.96 182.00
B 41428350 210.3 1112.1 583.00 568.45 202.57
A 41428300 195.5 1094.8 509.45 527.53 181.62
ESIL 41428450 187.5 723.0 411.05 416.74 151.76
BRIE 41428500 217.9 984.4 541.30 562.97 192.11
HE 41428550 268.2 1095.1 541.75 542.25 179.24
£ [ 41428800 255.0 810.7 458.34 484.01 162.12
Y] 41428850 201.8 928.0 488.50 529.83 178.68
T3 18 41428900 204.5 1030.5 565.22 582.84 208.60
RS 41428950 239.0 854.5 481.50 520.35 177.27
5 1 41429050 295.4 1108.7 625.00 651.26 201.68
Kb 41429100 264.2 1006.9 556.45 582.34 194.10
kil 41429250 252.6 1185.1 672.69 659.74 229.57
Wi 41429250 239.3 902.0 489.60 513.82 163.03
A T 41429300 289.5 1147.2 622.26 644.81 219.06
Ak 41429350 276.5 1108.5 665.20 684.01 211.61
[iiife=1 41429400 257.0 813.9 539.00 531.12 141.41
BB JE 41429500 253.6 913.7 492.85 519.00 152.29
A S 41429550 272.0 1066.0 588.01 623.57 200.09
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M 41821100 308.6 1060.0 514.20 552.13 170.47
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HE W 41821200 223.7 1073.1 595.98 603.78 195.74
G 41821250 178.9 859.0 516.95 510.04 145.81
1R 41821300 120.0 915.1 457.25 451.50 153.36
FRE 41821350 218.8 1114.3 556.55 576.38 190.75
HEHE 41821400 237.1 1073.9 565.15 543.36 183.07
KRR E 41821450 143.0 869.5 492.88 475.76 160.09
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EEAS 41822150 257.4 983.7 547.75 584.61 176.33
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F4 1970—2019 EFEHRHREKISH AP THIFE
eIk B B FRM E=FRM FER

RD 18 13 7 4
Rr25 22 14 8 4
Rxlday 22 12 5 -
Rx5day 22 14 10 5
R95 27 17 8 -
R95P 22 10 5 -
RI95 22 12 5 -
R95C 27 17 12 5
CDD 27 16 8 -
CWD 22 14 9 4
PRCRTOT 22 15 10 5
SDII 22 12 5 -

3.4 HMumkEKIEHTETHER

Giit ¥ Ea T 19702019 4E 50 a [A] 45> o 5 0
e ity Bk K 6 B0 - 24908 L SR 5 R AreGIS 10.7 5o
SARE R AT A A L 45 R LR 5.

GrEa i A H R T3 I8 i EUE B RSP (110.86 ),
R 5 DAY L ) K T 3t D s A AP b DX T L 6
CVEEGHX N H HEUNT 27 & K H SR AR
T 1) PG AT el 3 KT H B AR #AE 5~8 d. A3 18
AR BEORT 7 doA 21 A3l S A KR H $rE
6~7 d RN K, 1 HERMEN =AM 5 H i KR
T A S AR e I P AL U B, 1 IR K B o
ARHRAE 70~95 mm, L {E X 7E 11 Bt 3T (68.85 mm) ,
18 X 7E A7 LB (105.05 mm) . 5 H f K BE R & A
£ 110~148 mm ., I B X 7E (1 Hf B i (107.23 mm) ,
o L DX A T BRI (157,74 mm)

e 3t A 7K L B o A K A B AR B AR K L R AR
Pl FARARL ., B R 52 I AR e 1) 94 b 338 i 54, 0 i %
K HEHEATE 2~3 d, mEXTER TS (14.9 D, Wi
WK M LA TE 124~ 223 mm, A8 X 75 1145 Bt 3T
(113.74 mm) » & A X AE 3 TG (439.57 mm) . ]
Uit B K HE R IEARTE 0.25 %6 ~0.33 %0 o 2 B IX 7 35 JE Fff
U C0.58 %) o A i B /K i 4 R 52 DAV It 1 7R R
ol B A0 i e 7K 3R B B A AE 59~ 80 mm/d, IR X
TEZE JE AT (32,52 mm/d) . & 8 X 76 B & (82. 30
mm/d) BE A (82.40 mm/d) [t it

i 2k 5 H BCEE R 5T 0 B AR R 8 0 g L i
ST H B ATE 78 ~ 161 d. AR A8 X 75 3 J8 Wt i
(48.8 ), B IX ZERE T (161.18 d) VE# (161.5 d)Fft
U, FESRRE RO PR 2 OZR B ) 7 b5k 0k B,
PSR HBUEARAE 3.5~4.5 d R AH X 75 % i

(3.32 ), R X AESRTEMEIE (4.42 &) AFFEK R
A 2 DR 300 7 AU 3 U A, AR B K R SR AR AR 447 ~
680 mm , iRl X 7E AR 2 (375.81 mm) , i H X 7E
SETER I (748.48 mm) . AF B 7K 58 BE L AR 52 DA PG 1)
R T SE B T T v /0N 1 e AR R K R IR R A
10~23 mm/d, K IEW KR IE N 3.67 mm/d, 5
HoAth s A 2R

4 v

e ATE R 31 K =508 B B 58 b s R0 8 AR 2
e T i e K IR T AT A A g AR K
ARICRFF R AT 50 a A AR i B K HEAT 20 M, R 2
I 27 35 00 55 1 T I K B9 BF 5 AS SR B 22 1 T
uily il 5RO A e BT T 2 A B i R K AR B, (H R T
e Fe W I A B R T S T8 X 3 s B A AU — A, HAf
X L T G A DX B R Rl R R D R N, R
BOAE RMET L AT RE 252 — R L 44 Ja A 3 oE X L
il SR AT AR FE . 2 PR S R HER R . BE ),
A 27 A I 5T A 7 A IS 3 TR T A RO Y
M, {ELE: ST 0 B N 2635 3l B4 5 i RIS 2 AR &
A T

1 190 L1 DX AP K B AR O AL T H H 808 KT H
AR P E b X8 2, H 200 A 2 W SRR R AR
X AT RS TR R 2 1, B U I AR R R L A
P 0 LU X 52 B B B R O 4R T KIS BE A TE AL
Rk . EL g 0 L XA B A i R AR M AR AR O
FHOK BRI TEH YA W R RN ARG KA
ST N BF A AT RE S BOLR B YR . A
I o Bt SR DX R A 3 Al R A R L X B —
TR /N R A 8 AR B ARG T R T AR AL L AN R K
T OREE . I LR R 2% 3 B LD XA B AL B
SEBT A T 0 H 2 1 0 L XA R KRR o %) R R
K BE IR i R K B IR S A IR A s R

5 4% ik

(1) 3 50 a e WFFE X R H H B M Ffok B 8
UK e AR K i 4 R BB BT R
43514 3.83 d/10 a,0.18 d/10 a,10.74 mm/10 a,31.04
mm/10 a, KW HE .1 Hi KBEWE.S B KEW
T W R K B R B R K LR L 1 S TR H R 6 A

R I H, B0 0:0.19 d/10 a,
3.53 d/10 a,5.33 d/10 a,0.02 mm/(d « 10 a),
0.09%/10 a,0.15 d/10 a, 4FFFEKGRE R AH B T



148

/N 3 S O/ T

%29 %

FEECTFRFEHEA N 0.1 mm/(d -+ 10 a), ELTEH
HEWETREBES, FREEEN 16.5 d/10 a, Hit
A 21 25 . 2 &R A AEAR R I DL & 5 2 5 WY

A B
RD/d Rr25/d
- 110.853 - 8.17552
25.7732

4.58725

wiE

D E
Rx5day/mm R95/d
- 142.558 - 14.8986
111.492 1.72092

RI95/(mm » d)

- 82.1555

32.5292

R95C/%

- 0.58307

Hpma X

P T ET O
W A

J K
CWwWD/d PRCRTOT/mm
- 6.37396 - 716.923
3.36232 427.315

& s
(2) WFoE X H H 0 % o B K B 8, B o B K
B GELE TR HAUAE R K 4 AR RR R A B R

g, Hod W OH H BRI 2 T B H B0 2008 4E kA
SAF W v R K HAUEE 2011 4F & AR 584

S B s R K B
BAFAEZ DN RAAE 451 1997 45,2003 4F.2010 4E

B mm EESH
Jgﬁa -
bl .

1970—2019 F 57/ R ik KB AR S

SR SRR R s DX R K 0 22, B g A B b
AR R A 0 22 2 2R T ORI S A
2 P A

C

Rxlday/mm

- 93.165

73.0311

Ml zgp R

R95p/(mm = d7)

- 439.544

114.554

CDD/d

- 145.381

96.4899

SDII/(mm * d*)

- 23.9684

3.67618

18] 4% 75 454

12015 4F  AEFRK B AE 1994 4E &R 548, Hofth i i
F%7k#‘§§&ﬁ$7ii9e£dweﬁf%Efﬁﬁfﬁfr%
B, i M-K AR50 B v] LIS AR R TR H O H E0R
SRR K BN 20 2, B B K R K R B S
HEA 21 {H 200 J5 A ity B 7K = o 1 28 R 3 i L T e T



a4 X REAF 19702019 4F B 117 W 35 e K 5 14 ek 4 AR R AR AE 149

V18 A8 i A 7K S AR 3 22, W LTI PN 9 1 IR B, [
I 5 38 IR T HE K A S R AR IR T P 0 DRI A Ay i

(3) 3k /NI o3 AT e 3 it e /K 28038 il AE 7E
22~27 a,14~17 a,7~10 a,4~5 a WK AW,
H H B R H B 0w K R GRS H B4R
REK R 5 NRECH 4 AT AN 7 N RECHE 3 A4

(4O FE=s (8] b, Pr g TR H %, 1 H & KR
It .5 H R R I DL SAE R K B R A DX B A AR R T
JE B T T HR O DX R R L DX S T B AT G IX 4
HAE 2R AR S X

SE Lk

[1] Ribes A, Thao S, Vautard R, et al. Observed increase
in extreme daily rainfall in the French Mediterranean[ ] ].
Climate dynamics, 2019,52(1):1095-1114.

[2] Min S K, Zhang X, Zwiers F W, et al. Human contri-
bution to more-intense precipitation extremes [ ] J.
Nature, 2011,470(7334) :378-381.

[3] Pachauri R K, Allen M R, Barros V R, et al. Climate
Change 2014 : Synthesis Report: Contribution of Work-
ing Groups [ . Il and [l to the Fifth Assessment
Report of the Intergovernmental Panel on Climate
Change[ R]. Geneva, Switzerland: IPCC, 2014.

(4] ZRE ok, PR AR A b 1) 2R b 5 2 A o v it 728 A e
i Je Ho 5 B v W IR R L ] AR SR 5 . 201235
(2):7-16.

(5] Wi, moFl. FL03E, 55.1960 2015 4F 23 04 i IX 4t it [
K B I 25 AR AL RRAE LT K R ARHFHTSE . 2019, 26 (6) : 171~
178,183.

[6] Karl T R, Knight R W. Secular trends of precipitation
amount, frequency, and intensity in the United States
[J]. Bulletin of the American Meteorological Society.,
1998,79(2) :231-242.

[7] Cardell M F, Amengual A, Romero R, et al. Future
extremes of temperature and precipitation in Europe
derived from a combination of dynamical and statistical
approaches [ J]. International Journal of Climatology,
2020,40(11) :4800-4827.

[8] Choi G, Collins D, Ren G, et al. Changes in means and
extreme events of temperature and precipitation in the
Asia-Pacific Network region, 1955—2007[]]. Interna-
tional Journal of Climatology, 2010,29(13):1906-1925.

[9] Miyajima J, Fujibe F. Climatology of extreme precipita-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

tion in Japan for different time scales[J]. Sola, 2011,7:
157-160.

Zolina O, Kapala A, Simmer C, et al. Analysis of extreme
precipitation over Europe from different reanalyses: A
comparative assessment [ J ]. Global and Planetary
Change, 2004,44(1/4):129-161.
ZEMER] L IUAER A7 PR MG T 50 430 111 2R 44 W o [ 7K 35 5K
ARARRFAE 73 L) 1K 2 ARAF TS, 2016, 23(4) :120-127.
TR SRET, E AL SR T SR IX 1971—2017 4
AW 3 g K B 2 8 A A3 A [0 100 i R 2 22 3. B AR B 2
f7,2021,49(3) :288-294.

LA 2R X W B, Jo] 5 L A5, 196 1— 2017 45 7 780w St AR o o
IRAFAE AT ] A 2R BEIR -4 5 2020, 35(12) : 3039-3050.
MREAE A RS 5508 60 4F v [ F 22 1) o 7K
I 28 AR A RFAIE B G B 3 IR 2R 40 7 () LA VL Ui 4 B R S
H85,2020,29(9) :2068-2081.

ZEMG AR M BR R AELUR R T 1972—2016 4F [ K
FRELT] B Kb 5 K A R (3300 ,2021,19(2)
237-245.

X B 3% L WA L B LHE , A5 U R TIT A o AR K S L R AR
Lo Bl ] kIR BT 24 . 2013,4(6) : 1506-1512.
LR T ARDY A B R E K b 2 X T K PR Y £ T
M B AR L) ] 0TI (Rl 5, 2014, 33(11) :50-55.

XAk B, RS VR U R O T R S
KJ]. 9 %2 ,2005,20(4) : 39-42.

XA E/NZE AT, S TN 4 Bz 2R b IXC 5 22 A% ity B
7K B e RAE BR AR AR 43 BT LT T B X ST, 2021, 38
(3):775-784.

Costa A C, Soares A. Trends in extreme precipitation
indices derived from a daily rainfall database for the
South of Portugal[]J]. International Journal of Clima-
tology: A Journal of the Royal Meteorological Society,
2009,29(13):1956-1975.

B EAR SR AR SR SR A AR T 5 12 W R i A
Tk L] A4 4 . 2008, 66 (6) :892-905.

AIRA TR E AR A5 TR E BT 1L X 1960—2008
AR AR K N 23 A8 A R AR L) ] M B SE 4L 20105 65
(5):563-579.

XM, R4, o SUBEAE AL 5T B R 4 I I R T
54 S5 KR R AR i [T . I AR B, 2021, 34 (1) 1 121-129.
TR UTAH 1= PP ) 56 L 5 = VLF R IE 60 4F R K &
R 23 A8 S R AIE 23 A [T 1. AR Mk BLAR 29 412, 2015, 46 (11)
337-344.

ReAE KT AN, 4519562017 AE ARG M IX K
TR0 B K A B 25 AR AR R AE [T ] K AR 45 BF 5T, 2021, 28
(3):340-347,415.





