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Abstract

The features of summer precipitation and the correlation between El Nino events and summer
precipitation in Jincheng city were investigated by using the precipitation data of 5 stations in
Jincheng City during 1961-2018 (June to August). The main results show that the summer pre-
cipitation in Jincheng city has a decreasing trend in the last 50 years; there was a close rela-
tionship between droughts and floods in Jincheng and El Nino. The starting year of the El Nino
event and the year of the El Nino event were mostly corresponding to summer drought in Jin-
cheng city, with the probability of less summer precipitation as 66.7%, with the probability of
summer drought as 29.4%, with the probability of less summer precipitation as 90%, with the
probability of summer drought as 50%. In the stronger El Nino events, the ending year of the El
Nino event was mostly corresponding to flood in Jincheng city, with the probability of more
summer precipitation as 64.7%, with the probability of summer drought as 41.2%, with the
probability of more summer precipitation as 90%, with the probability of summer drought as
70%.
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FAFBS MR RNE1961~2018F H F(6~8 ) EKBRE, 44 T HMS8ERBEAZALES, &
EO T ERBEEFANERE R BENEH, SREN: BREFHRKEENITRENES;
EREFEKECRBESFHETRR, ERBETEERFEENNEFTER, BEEKFD LN
66.7%, WIFEREKLEN29.4%, HEREKUEKEREEITFIRE R EFER FEKEMD LR N
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1. 5|8

WAL T IPEE R M, RPORAT, PR, Mg bR, RO ROy T, Bt iR 4
FHIE], B2 S A3 30 5 (R 26 P R AR P IR AR L, SR MURR (0 U - BF T 1] [2] [3138 9,
WP KBS, —TrmEKERD, H—TrmK 2L TESE, LURNEAHI, 4 TRkg>
SR EEE . SRR P EIT TR TR, Ha™EN TR o hmastt s
KR L HRRE . V2 22 0 JRE b X R L 74 i) R 35 AT TR TE, FREURE (4R 95 4 E
b X% 00t A A £ R AR A R AN 2 AT R B 5 F) — B, R B AR B R 1 20 8 AN X B bl
FAEF R . AP ERAR X B R, sEr B, SR, s R X, IR RIS X
B TR AR PR AR AL IR 22 5 R AR K I o SRURIRAE[S] (6170 1 1L 78 B 2= e 7K S5 AU 45 20l A R ST A Wl 57
MERISR AR o TRAFR[7]5E BT L PHRK ST MAR K, WX, HHED; 30 56 4, IITHEE- 2K
£ 1967 SERAE T R FENUERAS, WA B ER AR A i 52, B ZEFERAE 1977 SEHBL T 82 10K
RAZ, MAHR i B ER AL A 5 IR R 2 B K el 2 i AR KR (0 2R 3. H R T8
AR S S H A (R AT IR AR A

EFER, JER B SR h E SRASAG RN L SR AR AT S S K R R R RIS
e A BB T AR B2 R, RIS T8O E MW FORCR [8]-[14]. THRFSE[15]# H ENSO X T
At X = 2= f KA B R . 2R354 (16146 H L 75 255 EI Nino WA NI &, JUH R 2= B 9555 400t
EI Nino FIWI N i W% . SRR SE[17 18RV T e /R R v F4F 5 1054 A L P A R AL 2 97 R &R
KA SE[ 1815 At 1 N K 5 Jo /R JE i S 2 AR R &R, IREL AR [19] 0 BT IR Je /R e WA
XN PERAGR RIS, T 1O IR JE W AR AR F K R S R ARPR AR I R o 10 B R JE v
FAF R R T B K S B A AR AR OGHIE 78 H R 25 1, 2B 0 TSR JE Vi SHAE X 1961 4 LR E Ik
H KA REM, 9B 2 K U TN 3R (1 S As B AR AR, 9t AR Bl KBk
FE AN TE 73 BN FZ X (00 SRR3R LB MR
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2. ARKRIBESHARGE
2.1. SRKIR

FRAEZ IR 5 AN TSI EE 5 gk LR E 2018 48 12 A TR R R, HRIIZRA e8Ik, %k
I 1961~2018 A3 MMILR I 5 A &3k 50a E ZR(6~8 A)BEK TR JE/RBHFFSI 2017 4£ 2 A+
E SR RS GATI bR JE/R B /A e SR 7572 (QT/T370-2017) 1 E Z S A 0 (Ax3kifg
PN TR R (29~34 3); KA 1981~2010 4F 30 SEGe i EAF N AFARME -

22. ARFZE

FEEI S A TR 1961~2018 FHIZZF(6~8 H)FFKETBORME NG 7, St IF /R e il
FHF B BRI B0 3 Pa S ATRAIE, SR W23 GE vt JO /R Je v AT AR A A2 SR (1 F K B
FE R Pa KHIIARAE; FHRGE 07 S A0 FriE, Joks 1961~2018 £F [0 =R 70 N T B £ A5
B, HOENIC/R BRI ARERZEREE, 8T /R e vk FAFE S it X 2 2 s 2 B A 5

23. BEREEEHFHESRIS

JEIR R ARIE . R RE T 78 (SSTA) BRI W AR . L g A S (oA 2 —
EFA IR, RS EAER =Y. AT G /R B /AL e S AR dE, 2017 452 A
E SR M L GAT AR E CJE/R B TE/FL R BRI T775)  (QT/T370-2017), & UARTEH . RAFHE
VTR IR BE 25 P (SSTA) O AL T AR AR RSFPE, FRONAR I BL(BRA KT8 JE /R Je 1 SF: SSTA A T
FRIE AR, FONFR AL (E ORI H AR B R B . AR IR R A R v A 2
1961 4F LUK JE /R JE VB FEAF IS AR I 1] . 45 TR 1) B2 5 B P B AR R (L3 1) FEAR S T A W 5 4 o
K g Jo/R e VE AR, RIS N85, AR, BR. ERR 4 DNEYL.

Table 1. EI Nino years since 1961
1. 1961 FLBREERC/REHESEH

75 1L A KJE/H A B (1] HE/C RIS
1 1963.07~1964.01 7 1963.11 1.1 ]
2 1965.05~1966.05 14 1965.11 1.7 g
3 1968.10~1970.02 17 1969.02 1.1 95
4 1972.05~1973.03 11 1972.11 2.1 G
5 1976.09~1977.02 6 1976.10 0.9 ]
6 1977.09~1978.02 6 1978.01 0.9 ]
7 1979.09~1980.01 5 1980.01 0.6 ]
8 1982.04~1983.06 15 1983.01 2.7 fEepH
9 1986.08~1988.02 19 1987.08 1.9 sk
10 1991.05~1992.06 14 1992.01 1.9 sk
11 1994.09~1995.3 7 1994.12 13 iR
12 1997.04~1998.04 13 1997.11 2.7 e
13 2002.05~2003.03 11 2002.11 1.6 i
14 2004.07~2005.01 7 2004.09 0.8 55
15 2006.08~2007.01 6 2006.11 1.1 5
16 2009.06~2010.04 11 2009.12 1.7 g
17 2014.10~2016.04 19 2015.12 2.8 e
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3. [ERBIB(ENSO)EHASE SR
3.1. JE/RBIE(ENSO)E (4R {a)454iE

RAEE 1 RE KA gL BRI DT WM R ST, 1961~2018 4F, R KFdt
KA 18 e/ /R e tE 4, KA 31.0%, ML 1 FH, ENSO FAF AR RIARAHIE, 18 KJL/R
RS, FERAEMIL 6 K, NN 353%;: HERAEMIL SR, 5B 29.4%; RERA R
T, HEE 38.9%; XFRAKRE.

PEEF S DSEIEI, AR AP CEAE 2018 4F 9 ASENJE/RIEFIRE, H 2018 29 AE
2019 4E 1 H, FRIEHRAFEEIE ] — IR B /R JE i FAARIE . SERTLIR, s A R R B R S
2019 4F 4 HE5 1 A5 2 {6 Nifio3.4 X IEFRTEE 7179 0.74°CHI 0.78°C. HAT, FRIEH AR L /R B in4E
o
3.2. [B/RBIE(ENSO)E{FIE 1k H1 { K2 58 F 4F1iE

KRG M INER B R Je R AR . ST AT, 2~5 FRAE 1 IR, RAERMZEN 29.3%.
SR TR R IEFMEE 3 G Al RALE 1982~1983 4. 1997~1998 4. 2014~2016 4, H 2014~2016
FEREIR RO R, JU/REHFRIEECH 2.8°C, HIRJE/R W FHER N AT AL, 558 /K e EF 1
R, KRAAE 1972~1973 4, AR HEERfERe/ReEFM 6 I, HPAREA 3 Ik, iy 3 Ik,
M 1 TR JE W AR RS, RAESIR W B, (HJE o0 R R .

4. BRBEENSO)BEHEEWEFHEKZBMXH
B E Rk ET

BTN 1961~2018 FEYE 5 AT G Mol PR B R FERE, IR AT HyR & B X E =K
i 5 MR EERBKEIEAR P EEEAXIBRZER ZEKE. TTETFHEAN 5 AL 6L S %
FRUEE I AR E(E
T H S T M AR

— A
----- etk (H W H T KAL)
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Figure 1. Change of summer precipitation from 1961 to 2018 in Jincheng
B 1. 1961~2018 SFEWHMX B FEEKEFIREN

HRLE 1R, EIXGE 58 R EF K E LRI TEES .. NER AR EFELHETFHEKE
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RREHIIERE L, N 3542 mm, F/MEHIEID/KE, 53167 mm, A2 H RN VE#HK. 22
SRR K B R U LAE 1982 47, O 526.7 mm, BRILELSE, 1971 45 ZEF/KE 500.5, tHiEEd 500 mm,

B2V 5K B e/ ME HIAE 1965 FI1 1997 48, FR/KE 737008 148.1 F1110.9 mm. HHE 2 48] W, 20
2 60~70 FEARE IkHh X B 2R K & 2 T 9P IIE(316.3 mm), 80 SEARTFEAICT A FIE, M
90 FFAX~21 2 WG Frsn, (HEF R SO IR s . Sk, M Bl 70 EARTTAE, EisdhIX
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Figure 2. Change of summer precipitation in different ages

E 2. EWtXARFRESEKELK

4.2.1961~2018 FEINE FEKHNEHER
B Z e bs vl N ol s 55 B e AN X SR 2 A . AR SR AR B R R EE T e
DE Pa RFEREIWEFTEHEE . BRI FE S ZE Pa 2B BRI KE S ERPBKEMERE

P

P, =gx100%
P

Hoh p NERTBIE KR, p ZEFRMIFF/KE, B 1981~2010 4F 30 FA 5% FMH . HHmmbsuE, 2 X
B KBRS B 20 % Pa > 50% 8 K7, 25% < Pa < 50%fhi7, —25% < Pa < 25%IE%, —50% < Pa < —25%fW %,
Pa < —50%KF. Guitsrir(El 3) 58 MR EIME F P MoKE, PR /KEREFRIFECN 31 4, 1EHE
SRR 27 . B D K T 2 B4 . # IR 5 () S A RIS R i (R,
HORBAEMA 24, 2518 1965 F11997; BA4H 84, 40418 1969, 1983, 1985, 1986+ 1991, 2001
2009. 2015; KEEFHIEMAE 54, 2008 1966, 1971, 1980, 1982, 2003; W HIEME 94, 2HIA
1962, 1963. 1973. 1976, 1988. 1995. 1996. 1998. 2016; WiEHEE A 24.1%, FEMEN 17.2%,
IEEFEMMERN 58.6%, VLUIZINMLX HiE 2 T R4E.

43. EREEEHENEFRAEEHEXRSHT

1981~2015 “F (i) Ju/R B W HAEE 18 Ik, TGN 18 4, SSWEHN 17 4, 2019 FNFFEELE,
AW FEAET L IE /R JE 15 5 5 W X =K K RN, 8 JE /R JE W 06 8 3 B N JE R e s R4,
FKe JE IR JE o F Aoy R N T AR AR AN G AR SR Gort o0 A 5 B X R KR R, Git)e/R e i 1
I, JE/R GRS = A HIED & 3 I BHESIFGFERE S IIEN 5 10 4, SEAFERERSIIEN 5 4 £,
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Figure 3. Change of the anomalies of annual precipitation

3.1961~2018 FE FE/KEEFH L

43.1. BREEHFEHEFERKERHFXRTH

M2 F, 1EJL/RBHEF LT, Fh X BRI EE 114, LN 64.7%, W% T
BN 64, LN 352%. 1EFErlifia, & T RKENFEEE 24, JLEN 11.8%;: BT IRENE
A 48, JLERN23.5%; BT REMFELE 1F, JLEN5.9%; WMEREEH 2 4, JLEN 11.8%;
IEHEM N E, JURN52.9%. HIEEMEN 17.6%, FEMEN 353%, IEFHFEMEEN 52.9%.

Table 2. The anomalies of annual precipitation in EI Nino years since 1961

2. 1961 FLUOREREEFHEFEREFMKETESXR

JEIR JE T 244 JiER S JEIR JE T 244 PRSP 45
1963 4 40% 1992 4 13%
1965 4 -53% 1994 4£ -20%
1969 4 —34% 1997 4£ —65%
1972 4 -13% 2002 4F -9%
1976 4 46% 2004 4F 19%
1978 4 -15% 2006 4 16%
1980 4 55% 2009 4 -41%
1983 4 -33% 2015 4F —-29%
1987 4 4%

4.3.2. BREIEFREEREFHKEBEXRRI T

B 4 S8 e] 0, JEJRJBVE G4 B 3 X 2 Z= KR R ECh 12 4, LN 66.7%, W% 114
6 F, mZ JLEN 33.3%;: FEEMEE KL EME/RBEIFMEE, B 1982 LA, HEFEnHmob,
JLEHN 90.0%.

BT, JU/R BT X B R T KRR EECE 2 4, JLEA 11.8%: B TRE
AFEECR 3 4, JLHN 17.6%;: J& T REIFEECE 14F, JLEA 5.9%: fmb FIFEECE 2 4, JLER 11.8%:;
IEWEM N FE, JLEN52.9%. BIEHEMEN 17.6%, SEMEHN 29.4%, EHFEBERN 52.9%.
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T AR X UL ERIJEUR B TEFIRAE, J8& T KRB MEECHE 2 45, LN 20%: J& T fh 2 IEEE 3 4,
JUE A 30%:; J& T RETIFEEE 14, JLEA 10%; IEFF0N 44, JLEA 40%. EEFMESR 10%,
BAEMEEN 50%, 1B FERMEN 40%.
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Figure 4. Relationship between the change of the anomalies of annual precipitation and the beginning of El Nino event

Bl 4. EREEFEFLREIEEHFREXEEKERXKXRE

43.3. EREEERFEEHEFHKREFHXRDH
HIE 5 Hrar s, JE/RJE S5 ARAFE X R K D AR HON 6 4, JLERON 35.2%, 2 4R
HON 114, 2 JLEN 64.7%. TAFIREE K ELERE/RBIRESHRAE, B 1982 LS, HEFEMHMmME,

JLEA 90.0%-
B EKBRIETENE OEKRBIESR
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Figure 5. Relationship between the change of the anomalies of annual precipitation and the end of El Nino event

E 5 EREEFRFILREBIEEHFREXEMKERXKXRE

R R, ORISR B X E LR, MENESE 14, JLERNS5.9%;: JET
KEWELH 5 &, JLEN 29.4%:; WETHIELH 2 4, JLFEN 11.8%; IEFHEMN 84, JLFEN 47.1%.
BB RN 41.2%, FEMEN 5.9%, EHFEREEN 47.1%.

WS RRIE UL BB R B IR R AE, REFIFECE 14, JLEN 10%: & T KEMEEA 3 4, JL
R 30%; MMETHIEEA 4 9, JLEN 40%: EEFMN2E, JLERN20%. EEBRER 70%, 2F
BEE N 10%, IEFF N 20%.
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ZE MR JOIRJE v AR R ZE R KRR, HR AR SR R DL B R JE i AR I
ZERR KR TE B 2, RIUAJC/R B FAF I LG R 2R P E F TR, JU/R e F 45 R T
3 3XoF N7 TE 5 5+ o A i B R A B PR TR J v S R 3 R 5 P LR B v o AT SR R 2 OR R (1965
1997 tH IAE O /R R A5 B JE /R Je T AR 4E 4 4, JBUR B VE IR KU, B3l 29.4%, 1B
FMMEER 52.9%, TESGRE/RIGETFIRTLCUE, BEBEN 50%, EHEFHBEN 40%;: JE/RE
WEERAE, BIBHEMERN 41.2%, FAEMEEN 5.9%, IEHEMERN 47.1%; H2 i o /R e i 4 i,
BIEREREN 70%, SRR 10%, 1IEEEDEA 20%.

5. G 5itie

1) AHF 5T 52 IR Bl Nino $AE4ETH AL, 1961~2018 4F3L4 11 ¢X El Nino HH{f, 2~5
SR TIR, RAEMEN 29.3%, F1% K& UL EGEE 1) El Nino FF R AEMERE N 17.2%; @50 IL /R i F
BINARHAL: M El Nino AR, KAMBIIH RN, (H)E ik F e S amess .

2) FIFEI 5 MR 1961~2018 fEE ZE(6~8 HMF/KEV R, HHE/REESEM LE. A
FERGE R, TIREFRKSHEERKERIL. SRRV JE/R)E WS I E R BK R,
HHAESRE S DA LB R JE VSR IR = K e BB R, R IR B R e AR A SRR Z
Rk E =5, R G SR 4 O B E R BBy s AR 2 LA BB R B v A H I
LR & RSP IRE R RFEAE, SN E R RER AR 8, &2 DR RN E.

3) AW FLATH GRS BB AEAR B R, B 5T 45 B R % T A S W JEUR J U S e T 2 R
IKIIREFREE . iR, EHIWE ZERK G AERRKE 55.2%, A5 H T /R G F R A FE 0 E
WE B KA TN, &2, FHIKEER M KEE R K3, R A4 F O 38 T A PEROR,
FiAh, A DR DAL e 2, i Al R SE AR AR TR], BT o B MU 22 R EOR, KA SR
WATRE A /NEFAE, ZF A — N RIRE, A TP m AR ZE T DL R AR A, K
1, S IRBT b R SR T A R
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