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Abstract

Heavy rainfall in rainy season in Dalian often causes urban waterlogging, landslides, traffic para-
lysis and other disasters. In order to improve the ability of weather forecast, this paper analyzes
the long-term data of temperature and precipitation in Dalian, and summarizes the main synoptic
situations with EOF analysis method. It is found that under the background of global warming, the
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annual average temperature in Dalian is also rising, and the temperature rises more obviously in
winter than in summer, while the long-term trend of heavy rainfall in rainy season is decreasing,
but extreme heavy rainfall will still occur. The average annual temperature has a short period of
about 4 years and a long period of about 16 years, but it has been shortened to 10~12 years since
2000. The rainy season also has a short period of about 4 years and long periods of about 32 years
and 10~12 years, while the long period of 10~12 years became 8 years in 1980s~1990s, and it be-
came about 6 years after 2000. Through EOF analysis of the synoptic situations of heavy precipita-
tion, it is found that from 1960 to 1989, it was a blocking high pressure (ridge) pattern, and from
1990 to 2020, it became the northeast vortex pattern and the northward typhoon pattern.
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BT AR A, IR BT, AT, S, SR IRERE, ERARE T
FEE . VFE AR AR X A K BEAT T i, EERAMZFE KGR, RKIERKK 2 34T X 2
Br[1] (2], SERRFRSEAR A A 2 57 IR, A 5 KOS BRI SC AR [3], B R XA 73 BT A
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£hTE 6. 7. 8. 9 A, ATMETIE, EFEKE/Pr XA A RF B, £FNEATZ
120 1. 2 A PFESEEEE . BEKEERSA 1960~2020 4F 20~20 I (1) H KR 438 258 FoK S 6.
7. 8. 9 HBE/KEHE . AT A s Bk 48 KM A& LA b 42 24 /NI /K B AE 25.0 mm~49.9 mm Y
KFI, >50.0 mm VAR5 B 20 .

I RASTE S BT BB S A S R A 0o (NCEP) AT ] 5 RS 7T Oy (NCAR) B HE L 1 2.5°

][l

DOI: 10.12677/aep.2022.125135 1097 IR AT


https://doi.org/10.12677/aep.2022.125135
http://creativecommons.org/licenses/by/4.0/

B F
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(a))‘ do <o (1.1)
ol

C‘*’ :IR |
I, FRATER W (1) N FEA /N EUBE /N B B (Mother Wavelet). BFERE W (¢) AR )5, mErl LA
(CES R NN 35 118
3 FAERK KB /(1) e 12 (R) HORES NSOy

W, (a,b)= <f,\Pa’b> = |a|*1/2 ij(t)‘P(%) de (1.2)

SRS/
t=b

f(t):é.[w jRaisz(a,b)\P(Tjdadb (1.3)

Forb, b AUAEEM B DR TN 5 AR, T e AU E DR B E, M E D)
TEAR o I A /N AR 0 0S AN [R] R A IR s AR EORE DA R PR A, RIDPE AR /) Bl B 4t F) B[] 73
B2, MRS PR ARSI ANBAR I (8] 2 B AR, TR S PRI, X IERF SRS
AR ET i AU S AR A TR R AT
123 B b BT /N R BB 2RI, ASSTRT R /N B B H62 Morlet /N eRi 8, BRIV
W (x) = Ce ™/ cos 5x (1.4)

‘Bl &> Fourier 224 [1) 5 bR ZUF1— 4™ Gauss [1)3fefH

T EZR A EOF i 7k (A5 B R M 7772%),  WARERAE [ & 0 T B = oy b, A&
SGRSNEIE T T 2 B 757 . T8Ik BOF 2007, o] LK 73 A AN S R B 23 AT I 28 00 i, 3K
REZRG I EE A, I EE R A TR AR RS .

3. BB SIREHE

P 1951~1980 4 30a 4. B H V3R SRR R A FEHEE BT IR0 0, i 1, RiEHX TG
WAFIGREZE, FRBRERY Lt TREE, XSS R 6], HAZENTHR
R E BN, mEEEAE TGN EEE FTFT 1.53°C, £FETHT 2.53C. HMNAE
SR R 2R IR T, K ECRT 4 R 8 AN B, 1956~1961 4, I FHAR A T4 B FHBY B 1961~1969
SERBER B 1969~1975 4F EFMI B 1975~1985 SERG B B 1985~1994 4F FAMI B 1994~2007
ARG ILEEM B 2007~2011 4E FREBYEL, 2011 F2 48 EFAF B B B4 50 FARSIRAL TIRALA A,
90 fEAC IR, 2015 FFEAMANTHEH], (HAFEYSURBIERE KT 90 4R, X 54 EA R
A—F[7].
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Figure 1. Trend of temperature variation in Dalian for 70 years
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Figure 2. Analysis of annual average temperature cycle
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Figure 3. Precipitation trend in rainy season (June~September)
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T Z=FEK I B0k E (5 4), BAA 32a A ARV, 4a 72 AR A, DL 2B R 46560 2810
R, RO theg 80 AR LRI A 10~12a A, 80. 90 FEARLEME A 8a £ 4, i 2000 4F LA J& #A4H 56
N 6a fity, UtH] TR RANAARR, Gyt R 2 0H, PR A RN L B Ry v, B AR SRR A
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G T KO A H I 5), KILKWEZEREME 6 AR TNHZE 9 A Lf), 7H. 8 A
RAE[10], H 7 HRWHEE 36.18%, 8 H KW HEL L 34.67%, —FH A& 1T Ak 70.85%. L# 61a
KW HIPRES, 6 A, 9 AYm)aHiR, e Adpfm Mz, 9o Al LamPaiEE; 7 4. 8
AW et sy, B 7 Jrd T2, 8 Hindh B2 . KAERWRHBISG TS KR
FAN(EIRE), BWHWMETE 6 A a9 A ba), UK AR KE R K 5 KB, 7 H. 8
AP A BN H AT R, 35T 79.49%. 30 E AR 40K R BF &
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Figure 4. Analysis of precipitation period in rainy season
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Figure 5. Date statistics of heavy rain
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Figure 6. EOF analysis of 700 hPa geopotential height during the rainstorm of thirty years before and after (the shaded part
is the low pressure area, the dot represents Dalian)
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Figure 7. EOF analysis of surface pressure field during the rainstorm of thirty years before and after (the shaded part is the
low pressure area)
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