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Abstract

This paper aims to use rationally the precipitation resources and therefore better serve the deci-
sion making for drought and flood control and disaster prevention and mitigation work in Wei-
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fang City by understanding the space-time distribution and the characteristics of the city’s preci-
pitation changes. Based on the observation data on the precipitation of 9 meteorological stations
in Weifang City from 1960 to 2019, this paper analyzes the space-time characteristics on the
summer and monthly precipitation changes and the abrupt change of climate of summer precipi-
tation in Weifang City in recent 60 years by using linear trend analysis and Mann-Kendall clima-
tological diagnosis method. The results show that: the summer precipitation in Weifang City pre-
sented a trend of decrease and the departure of the monthly precipitation fluctuates greatly, with
the largest fluctuation in June and the smallest in August. The average departure of precipitation
and linear change in summer, especially in June and July, presented the trend of no significant de-
crease, while the precipitation in August presented the trend of no significant increase. The aver-
age summer precipitation of Weifang City decreases from north to south, and the precipitation of
each region presented a trend of linear decrease, in which the southern part decreases the most,
followed by the northern part and the central and western part. There was no abrupt change in
the average summer monthly precipitation in the city of Weifang.
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1. 5|8

FERIRAEBE R T, hE KRR &S, FPRRKER 10 D 2.9 mm [1]. HiH
RMESE 2P AR, o EE ZR MR KAE 1965 4FFT G KA T —IRAURERAR, HERTIATEAN 20 T4 80 4-AXH)
EREAKEm, o RIE 2, e AL 80 AEARHIEK R T 70 AR, FRINE: M 90 A T

B, A AL L X K BRI N . SerE KEEB TR, EE R KA 20 ttad 80 LKA 80
FRRIAE RFEN TRGES, £ 20 e 80 FAARMZE 21 el 10 FAKM L ABREE, FEEZFER
IKAFLEA 1 16 SE AR, FEAE 20 tHhad 90 SFEARMIMIRLE T B3 FERFRREE,

7R H 1960 FELK, FIREKE RO B, BRI % 8-3.05 mm/a, “FIREKE UK
W D FE R[4 B PR A TR K BRI D, TR MR, AUEA T B
H5]0 AT A B M G THAE P /KR DL 19.35 mm/10a fOTE FE 30K [6]; & PU AL A 174548 MoK B4
10 4E98/ 18.3 mm [7]; & s i AR MK B R % 0.9 mmy/a [8]. LLZRE HZEME K& 5 & E K E
(1 60%, FEFEKE I 3 BT 2 2K = A TEU9]. AR E =R # X ik s,
HRRIK, BN H AR E = R E B FE AR BIRE, 20 7KIEH 1970 FEARKR[10].

PEGT AL T 1 AR B TR S (% 35°41'N~37°26'N, 118°10'E~120°01'E, Bt K 188 km, A 7 % 164 km),
JoR el 2 AR~ M Y PR A« T VAU XK KB 3 AN X, A AL X k(o 2E5E ., B R
HPEER (M IR B AR). ZREFEBIXHI(R . k. %) [11].

U SBAESR, Y T AR R AE T — RANAAL[12] [13] [14] [15], 12 HRGXS Ty i B 2 K R 5T
xR Rk, ASCE IR GTHE W ik, X TTIE 60a Sk 1) E 25 MK (1 28 AR AL fE gt
TTRG T, VAR LR S i 0 Z B K I . iR . FUZHR4E22, S HkR]. Rl &
IIREX SRR AR 2K
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2. FERASE

FIHEEDT T 1960~2019 5 9 AN R FEACIIM TR, WA TR AT ZS (R BAN 5T, R BESF K
KRS 16155 07 EERHED T T H 2% H (6~8 H) MK E AT 29047« Hoh B 85
B8 3 AN Gl K K A D b X B K &, F . IR Bk 3 AR Gl T R K 2 A
N R X R K, B B 3 AR B K B A D 2R R X A K .

K B e AR F AR 10a BRI KRR, JRdk T B AL ; KA Mann-Kendall 234546
IOVE 1610 s T B 25 & 6~8 A F/K EdE AT AR L RN RAZKE 56
3. PBEKETIHE
3.1. FEKEBRNIEFETWIFE

HE 1 YT 1960~2019 5 R /K & EEF H 20 R AR HE T UE 1, Y B =K 30 E
FERER, MR B8 N, HELMAB N N-2.75%/10a (RiEE a=0.05 )2 EERR). BANEF
K B FE~F VR ShiR R i KA N 147%, 60a F1IEREF 28a, PR 31a, 2005 HE[EKE S HERT.

BESEH 4 RAE 50% L FIIE 5a, 433A 1960 4F. 1964 4F. 1971 4. 1974 4EF1 2018 4F, Hr 1964 4F1F
PP IR RKIE 96%; BE-FH 70 R AE-50%LL F I 1a, HBLAE 2002 55, BEFH 5 N-51%.
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Figure 1. Precipitation anomaly percentage in summer from 1960 to 2019 of Weifang

1. HEAT 1960~2019 FEREKEEFEHHE

HE 2 iTCUEH, YT 6 H i K EE I 28108 TS, KA N-4.12%/10a GRill
i a=0.05 MR RIS YT 6 A4 B EEEE P 1 SR 5 KAE N 250%, o IEREF 27a, FilE
F 33a. 6 H 4 FEKEIEH 79245 50%LA E1¥ 9a, HAr 1980 4F. 1990 20 1 40 2 1 100%, 1980
EEEPE 7 FEA 158%. BEF H 4 FAE-50% LA NI 11a, Horh 1997 18 A 40 K15 -92%.

I 3 AT LLEH, MY 7 A KR 2B TRES, LB hiEi-9.63%/10a (8T o =
0.01 W FEMATER). 7 H 0 FEKEE T BB ahia e AN 215%, 18R 29a, 8RS 31a. BE-FH 53
7 50%LA L4 10a, FEFE 70 Rl 100% 001X 1a, HILE 1964 4, HFH 0K Eik 133%. P E 2
RIE-50% LA FHIFEAT 7a, A 1997 44 25 2P 5 K N—92%.
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Figure 4. Precipitation anomaly percentage in August from 1960 to 2019 of Weifang
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A

I 4 TLAEH, M 8 A BRKEIEF 2R EE LIS, LT EN 5.60%/10a (Rl
a=0.05 B AT . 8 40 B K BRIk Sh s FE e RAE N 210%, IEREF- 27a, fAEF 33a. #EFH 5
RAE 50% LA LMIEME 1a, BV E5FT 100%0H 3a, 735 HIBLAE 1974 4. 2018 4E/1 2019 4E, 2019
ERRP AR 130%. BR3P FRAE-50% L TR A 9a, Hrd 1990 - 28 #E 1 5 K A-80%.

ZUL T LAE DS AN B R OKEFE PR RS, 6 AmishiEE R, 7 Ak
W2, 8 At/ . 60a H 47 FESFAE Ay 22 F IEBE P40y, 1X 55 117 B 2R P K i R S D (1 3 — 30
3.2. PEKE RS TAFAE

7 1 WTLAB Y, MYy H 2 K88 401.8 mm, dbEE. TEEE. KR e il i T K B K-
382.3 mm.405.0 mm.418.2 mm. HH 4R S IE R K 5 22 (451.7 mm), JEE B & %K 8> (377.4 mm).
P 9 Bili X E P RIRK R R MR D &S, AT EFFHRKER 10a D 11.0 mm, #EHH
229 mn/10a i K, HIM-2.5 mm/10a H/).

Table 1. Linear trend in the summer months and the average precipitation in each district and county of Weifang

1. BT EETXESF R K ARk ERMEMLES

EES 6 H 7H 8 H
FFe w% BokE etk Rk E PR =E] K E Lk Rk & L%
1 e 385.8 -16.4 79.6 -3.9 166 -20.6" 140.2 8.1
2 M 412.8 -2.5 82.1 -2.9 165.9 -15.0° 164.8 15.4
3 e 451.7 -22.9 87.2 -10.6" 177.6 -18.2" 186.8 6.0
4 F 383.7 -5.4 80 2.5 151.0 -14.2° 152.7 11.3
5 E& 377.4 -19.1 71.9 -2.9 170.6 -18.8" 136.1 34
6 %2 408.0 -7.9 77.7 -1.4 177.6 -16.3" 152.7 9.8
7 EE] 395.0 -16.6 71.5 2.2 170.2 -13.9° 153.3 0.4
8 E R 394.6 3.4 75.5 -4.8 168.3 -14.8 150.9 16.1°
9 11 i 407.6 5.2 86.5 1.8 174.9 -14.8 146.2 7.8
Sl 401.8 -11.0 79.0 -33 169.1 -16.3" 153.7 8.6

e L T RIFRIEET 0 =0.05. a=001 [EEERR. THE.

YLt 6 AP KE 79.0 mm, HAEMR 2 (87.2 mm), =% &> (71.5 mm). Y& E X
6 H VYR KEBRIG B Ah) ik R b, 2T 6 A - P /KES 10a 80 3.3 mm, # 3Rk
B R E N-10.6 mm/10a, 50 £ IES, B 10a 300 1.8 mm.

YT 7 A FRIREKE 169.1 mm, HAiEIRR2(177.6 mm), e/ (151.0 mm). YT 9 &
MX 7 At PkeKES R R Euas, 2 7 A rikEKES 10a > 163 mm, FE55-20.6
mm/10a £ K, &% —13.9 mm/10a F/.

Wi 8 A F¥IME/KE 153.7 mm, HAEM &2 (186.8 mm), £ &E5H/>(136.1 mm). 9 EiXH 8
AP KRy 23k, 2 8 AP KES 10a 30 8.6 mm, B R NEHREEE, & 10a
Wi 16.1 mm, =&/, 1N 0.4 mm/10a.

Z UL Far el UG, My B 2 PR KE B AL e, R oK &R 2, i,
JeipEb. EF 6 A7 ARBKER E28E%, 8 HmkEKE2RugmEs. MK S5, Ee.
7 eSS T R K R XA AR A AR, MG 1T 4% XS K By A, H o e S X 3
D% (—15.8 mm/10a), JEEFIX ISR (—13.6 mm/10a), 1 PEEEH/N—3.7 mm/10a).
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Figure 5. Trend variation of precipitation in Northern Weifang from 1960 to 2019
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Figure 6. Trend variation of precipitation in Midwest Weifang from 1960 to 2019
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Figure 7. Trend variation of precipitation in Southeast Weifang from 1960 to 2019
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3.3. BEKENRT S

FIFH M-K J732:% 0511 B 25 12 6~8 F IR /K B AT AR AL A AR R A5G 56
H I 8 mI %N, ST H ZEMOKETE 1964 F£2 5 2O/, Hrb 1983~1994 Syl b@a B3, H
KRAERAIG ; I 9 mThn, YT 6 H MK E SR 2Bk b kass, RKAERTIS; HIE 10 7]

M-KZEitHE

Figure 8.
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M-K statistics curve of summer average rainfall in Wei-

fang from 1960 to 2019
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M-K statistics curve of June average rainfall in Weifang

from 1960 to 2019
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Figure 10. M-K statistics curve of July average rainfall in Weifang
from 1960 to 2019
10. 1960~2019 £t 7 B #3FE7k & M-K Lz
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Figure 11. M-K statistics curve of August average rainfall in Weifang
from 1960 to 2019
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1) ¥ 2 oK BT s AR AR, Hh 6 ARk, 7 AkZ, 8 AfRAN. Hbi
HZ T 6~7 Aok BT Mk R218 FR4iass, 8 A MK REEF 2R D% T . 60a B P44
2 T IEBEFAEG, 32 W15 7 B 2 MoK i ik b a3

2) ey E 2= PRk & B A RN, B X R K s R 2R R, TR D A
2, LERZ, BRI 6 AR T F KRR R SR, 8 R KR R My, (Hk
171 57 K A S IR

3) M TR K 6~8 A MK IR RAERA, WYiT 8 HAr MK RTE 2004 42 J5 2
G Z .
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