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Analysis on the Effect of Anomalous Convective Longitude Position
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Abstract Based on NOAA (National Oceanic and Atmospheric Administration) monthly OLR data
during 1979 to 2019, NCEP/NCAR (National Centers for Environmental Prediction/National Center for
Atmospheric Research Reanalysis), ECMWEF (European Centre for Medium-Range Weather Forecasts)
ERAS5 monthly reanalysis datasets, and East Anglia CRU (Climatic Research Unit) surface temperature
data during 1960 to 2019, the effects of EI Nifp events with anomalous convection at different zonal
position on regional climate are discussed. The results show that: Studying the effects of EI Nifb events on
atmospheric circulation and regional climate anomalies based on the zonal position of tropical Pacific
anomalous convection can avoid the limitation that SST anomalies cannot reflect the atmospheric
convection anomalies fully. The anomalous convection is located near 140°W in Super El Nifb events.
Anomalous subsidence over tropical western and eastern Pacific is eastward, resulting in higher
temperature and drought in northeastern Australia, northeastern Brazil, and more rainfall along the coasts
of Peru and Ecuador during boreal autumn and winter. The PNA (Pacific-North American) wave train is
located eastward, which significantly weakens the North American trough and brings warmer winter in
North American. The geopotential height from Greenland to northwest Europe is low, making northern
Eurasian significantly warmer. In Eastern ElI Nifb, the anomalous convection is located near 160°W.
Accordingly, anomalous subsidence is westward, causing dry northwestern Australia, northwestern South
America and wet eastern Australia from boreal autumn to spring. The PNA wave train originates in south
of Aleutian Islands and deepens the North American trough, causing severe cold winter in eastern North
America. The anomalous convection is located near 180 <in EI Nifb Modoki. Contrary to Super El Nifb,
the coasts of Peru and Ecuador is dry due to abnormal subsidence and most of Australia tends to
experience drought from boreal autumn to spring under the controlled of anomalous anticyclone. The PNA
wave train is located westward, resulting in severe cold winter in southeastern America. In the winter of

Eastern and El Nifo Modoki events, the Atlantic shows a negative NAO (North Atlantic Oscillation)
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pattern, and the temperature in the middle latitudes of Eurasian is low.
Keywords Tropical anomalous convection, Longitude difference, Regional climate anomaly,
Teleconnection wave train
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El Nif & ¥l AP~ BV E S 80N A R AU 7 F . AR R A2
BT El Nifo SR E, AR B RGE ACFF: SST IERH ATEA E, El Nifo ks
REFA (LG RA R EINifp A1 El Nifo Modoki (BB AY/Fh#57) HH4: (Weng et
al., 2007; Kao and Yu, 2009; Kug et al., 2009; Z="24£F1 F W E, 2014).

El Nifo 5800505 5 5 F A SRR A 72 5 Bhid R 5 5, EL I £ %
SRR /N, 1 =30 (R B KA A O 7 R 0, BT AR S % 56 [ K 5 3427248 (lizumi
etal., 2014; HABEMPBEL, 2014; Anderson et al., 2017). AS[E257 El Nifp F4 S 8K)
DX 3 S o AN ], R AR I R [ 2K 1 < 521 _E (Weng et al., 2007, 2009).
REBAL El Nifo KAEFATE, FEARIGBEZE M, 7R, 1l El Nifo 4
1S E A g X R 2 e, P X wPE (Yu et al., 2012), {HPEFAF
o g A EER E I R R AR HIX /K% (Johnnaetal., 2016). ARiBMFF< S
BUR KA AR5, b #2450 5 3 SO KR G 78 6 35 A0 6 5 4 X+ 5

(Potgieter et al., 2005; Wang and Hendon, 2007; Taschetto and England, 2009), {Ef57E&
(2, FE R LT & 5 KR R AL 1 5, WidE 2001 4~ 2009 1AM, K
427 2002/2003, 2004/2005, 2006/2007 =X H1#i8L EI Nifo S, WARIE 1A 5
PR M EREA N5, &N &, kAR (Leblanc 2009; Van Dijk et al.,
2013) o ZR P10 X 37K AR B2 7 R AN [F] S8 EN Nif S AN BB Bt AT AN R i B (52
R4, 2012; 3% RAMA 423, 2013; ZEigHE4E, 2019).

B2 T SST A EX El Nifo #4770 BAFAE—E W R R IE. 1982/1983.
1997/1998 F1 2015/2016 4 =5 El Nifd F4F#vis KPR SST 5 2% [0l /) AT RFE
5 HAMAR BRI, HEE T SST 7 /- ARHFAEAT EI Nifp 43280, 4RI M 4R
R4 HE S El Nifp SST 5% 4R 1% K (Fu and Joseph, 1985; £k ACNN A% JK B, 2018),
H B AU 1 AT X T R S B S 0 S R A, WSS R B, KRR TR
S (ERss, 1998; RIESE, 2016). 55— AR AL F 1 iE st JL 3 & F P € I I L 58
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AN, 1997 41 2015 4 A2 KK Bt AL 26 KR 2 2% it (R4S, 2016; Paek et
al., 2017; Anyamba et al., 2019),

T P R JE A Bl NiPD 51 S RN DX U R A o I R o e 0k
MiGs BN SST Ak, (HRNRIESNS SST M [AAAE 2 2 AR R R, il
RAKHRIESN 0 FEA T84 SST ¥eE (Lau et al., 1997), #iiih[X OLR 7 AT LAR
U (7 B KSR JE XTI AFE (Lau et al., 1997; Garreaud and Wallace, 1997, 1998). H il
MHRHT RIS B A P TT R R AR OGHIE ST LE /b . Chiodi and Harrison (2010) LAk A
HRAFPERHRIESh 2 R)E, E X ECP_OLR (eastern-central Pacific OLR) #5%1, X
4154 OLR-EI Nifd S fF. 5% OLR-EI Nifp F4F 1] LATRA H 3 B A0 1 El Nifo S,
M55 OLR-EI Nifp HAF U Jyh#28 El Nifo F#4F. H5% OLR-EI Nifo S 3 [H 1)<
MK R ZFE LW, 159 OLR-El Nifo HAFxf 36 E K< x5 m11R 55 (Chiodi and
Harrison, 2013).

ARSI K SRR B B A 5 48 TR AT 7 W R s i 1) A2 & AN [H] Y El Nifo
AR, R AR DX A5 A R 50

2 BURIGIE
2.1 BB

ASCHIH] 1979 4F~2019 F 3 [ [H S0 ARV B NOAA R L H F 1 sk
PiAESS (Outgoing Long-wave Radiation, OLR) %tkl, /K F4r#iRly 2.5°%25% EEHS
GIRBE TR A0 A 58 [ [ 58 S 70 0 0 NCEP/NCAR AR Y H < il 4R o0 ERAS
M 1960 4E~2019 4E 1 H “F-¥) Omega 377 W37 A 4 & 15 1, /K23 #5323 il 2.5°%2.5°
F10.25°x0.2.5 LL LK PRGN 2% 2 ) H P38 i Ui (B g OISST ; 9 [H East Anglia
KSR CRU-TS 4.05 &k /¥ (0.5°%0.5°) Hik A iR B 5 ; LA NCEP
IKPRE N 19 T A Bk H P35 B K #ds (PRECIL) o S 4MEH T NOAA S M Tl
R AEAEE NifD 6% (Oceanic Nifd Index, OND), ‘& &3 T Nifp 3.4 X (5°N
~5°S,120°W ~ 170°W) ERSST.v5 fiR 7% 1 3 4N H g 8 FH41E
22 ik

FER IR A TP G s % 5 i, LA 500 hPa Omega /8% OLR, LAREK A 7L
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I [E]F7 31, % 500 hPa Omega 471 5 # X 3 & S R & 3 X o I & s B ik 7 #ity
KPS R IR A2 B AN R BY) ED NP 3 B PR U s e R 8] o 1153 Rossby i fE
PSP B B2 W iERF L Rossby i A% HLA] . I H KA NCEP/NCAR #1 ERAS
it P 23T OB LR A SRR A5 R o SO AU AS P L 1981~2010 4R3E 30 4P H41H
HZ23~5 H, EF66~8 H, BkFIE 9~11 A, X545 12 ARNKE 2 A RHAPARE
AP IE 7 R AR T R

Rossby %5 (Sardeshmukh and Hoskins, 1988)1 45 24 1\

S=—ED—V, VE==V-(V, &)

HhENBXTIREE, DAKFRE, vV, ARESNBE S &, S5H10%—5-ED AR
RT3 IV, - VE LTI BET- T

KT T-N PG shid & (Takaya and Nakamura, 2001) 1524 5
P {U(v’z —P'vp) +V(—u'v' +P'u)

B 2|0 W' + ) +V(w? - P'uy)

Hrp, U=, V), ¥, u, v sSES 1000 hPa 1 HAE, JEAS R RE KD,

SRR AL, A RSl AL A B S

3 El Nifo BH#E K E X IR R KR RNIF R ST
3.1 AEXRREMENX

OLR 7] DA s il ity b X DG RDIRAS CRE 3, 1994a, 1994b; Garreaud and Wallace
1997, 1998), {HZIA OLR HIHIUM 1979 “FH4s, N T W7 El Nifo Fi-#vi X
STV HbL DX RIS REAE T AT R B A AT S BAE . N A b X R K
TS0 T e S I TR B A AR I RC R (YA ECE 2275, 1985; Peng et al,
1987; BEBEEE A EJH, 2011). #EHL 1979 4~2019 4Ef) OLR %(#E f1l ERA5 LK
NCEP/NCAR #fit '] 500 hPa Omega % diz, 70 2= 15 {8 [FIHHAH < 7 #1 » i Omega A1 OLR
BARAE AT AT PR AT m FEA G, AHOCREE 0.7 DAE (B 1, RUIERH KT
H1 500 hPa Omega ##ifX# OLR Hudli S Wi iiiE sl 2 471,  H A NCEP/NCAR #l
ERAS ¥R & AT 52/ . [H 1k, A3 LL 500 hPa Omega 534 A i, ZR 7R %It i 51 i 5t 5
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Fig. 1 Spatial distribution of correlation coefficients of OLR and 500 hPa Omega data (blue solid line:
ERA5 Omega data, black dotted line: NCEP / NCAR Omega data, a: MAM, b: JJA, c: SON, d: DJF,

exceeds the 99% confidence level)

3.2 AE K P RME B AN FEHHE

RYE NOAA RELRIHEFE Nifp 4580 (OND KX El Nifo S rIr, H#i%s: 5
A~ H ONI > 0 [4E0 i 4 El Nifp 4, $kik i 1960 4F~ 2019 4F[A] 14 ¢k EI Nifd F4F.
BT SST IERH AN E (Kugetal, 2009), £ 8 N EA! EI Nifo F1F, 6 XN El
Nifd Modoki S (] 2, & 1. CABFAIESE KSRGS SST Z [RIAF1E 5 2 A= 11
FELMR R, L SSTAR T X IRBIME, L1k 27°CHE, Xkl SST F ks, HE i
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JUFAS KA, BXPA T SST HIARALABUR: 2 SST W AR BIME , £ 27°C ~ 29°C
i, XHRE SST MTHR RN, H SST M8 L# 2 5l AR X RIE AR ks 17 24
SST miF 29°Ca, RIEXHARMRAE, (HRGXT SST MUt B &5y, HIERAR
B EARHT 3 B2 B RS R A (Gadgil et al., 1984; Graham and Barnett, 1987; Waliser
and Graham, 1993; Lau et al., 1997; Z=#ESE, 2016) . Lb#: 14 X EI Nifo A @i 2 s #virr
KV SST AR 8, W WA A T 7R T8 KP4, %8¢ SSTIE S 5 VB A7 B AR
v, H S 0 X AR H IS B L S H SST (B 1-2 1> F (Xie et al., 2020) . 7 1982/1983,
1997/1998 #1 2015/2016 4F — k3% EI Nifo #[a], SST IE 54 KA R, 1
RARIER K (B 2), SEmEshRm, fMERAR, /T 150°W~120°W Z & (& 3).
H4R 2015/2016 4F El Nifo E{E IR H S B A Frifts, (HRLE LR B
XA B AR . T AR AR R Bl NifD SEfF, SST IE %tk A 7E s 4K T
P, AR IRIE LGSR El Nifo R0 (B 2), B RE s g Wit miG, A+
170°W~140°W 2 [a] (] 3). XIF El Nifo Modoki F#f, SST IE =4 L T Huiy v A1
(2, REMSRAT 160°W~170°E 2 (8], EEFE MWL, il 2009/2010 4!
2018/2019 4 & AE 1) El Nifo Modiki 457 # X 0 fE 170E BAPE (& 3).

IR T8 H P AT I A Z RRER R IR 78 XU 8 2 Bl Nifo RAERTHR 61 (=K
I SR, 1996; BR25F T 2251, 2003), 5 XTI 0o 2 1 9 ) i 75 XUt 5 (Phliander,
1983), fSXALIE Bl A0 b RV T XS 3, XU P X S . A [ KU T
b 17 46 B S T A B, 6 IR v oo (8 - S5 X R Lo P 55 35 3 0 P OO A 25 S
KR, Z U IR ENNiFD SR #H AT 78 XS S5, YO K, AR 2 120W BAAR,
FRERit K (B 4. WRAEFEFIFIE, R RT I m 56 0 O 4 B35 g

(B 2> X T HAMRE BRI EA, 78X 5 o ) R LR s R 55, B R AR 5L

P 120 (B 3). REM B R ACEEE 150W LAZR SST tHIRE, (H 23R
W57y - 1986/1987 4E AT 1991/1992 4 S AFAE 11 H Jo B A #AHT b D0 R P37 7 X e o 3 o
SST iR IX 4388, *HifisR (& 3). 1 El Nifo Modoki S, #iy b it i
PSS, JEE MmN, ERPERRS (R (& 4), SST IEMRPES, mumiygizX /£
150W BAPE (& 2D,

IR HTHE— R, KA SST i 2 MR AEMI IR L R, KA
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Fig.2 The time-longitude profile of SST anomalies (units: °C) at Equatorial Pacific (2°S ~ 2°N average)

during 14 EI Nifo events during 1960 to 2019
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2 11960 ~ 2019 & 14 X El Nifo FFFHay i [X 55 sm 6 i O 28 FE AL B

Table 1 Longitude position of anomalous convection center in tropical area of 14 EI Nifd events from

1960 to 2019
et} FAy IR FE Y B S X 45,
1982/1983 4F, 1997/1998 4, 2015/2016 4, 1500 ~ 120W
7537 El Nifp 1965/1966 4F, 1972/1973 4F, 1976/1977 4F,
170 ~ 140W
1986/1987 4, 1991/1992 4
1969/1970 4F, 1994/1995 4, 2002/2003 4F
El Nifo Modoki 170 ~ 160W

2004/2005 4, 2009/2010 4+, 2018/2019 4F
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Fig.4 The time-longitude profile of 925 hPa zonal wind anomalies (units: m s™) at Equatorial Pacific

(2.5°5 ~ 2.5N average) during 14 El Nifo events during 1960 ~ 2019
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S SRR IRL A TR A B S AT B NiFD S A DX ISR R AN ], IR R IR &
Z b 56 Pt IV KR K o P Al 7 TR % i 5 I Y B/ S 5 T

ST — M ARFAL EI Nifo S0F, BRETR M AL SE P, JbEREKAERER
FARAR, TR G AL 3 X 425t v (18] 5e); K2 B VAR 325 2 [ U AL 3R B K A 2> »
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X $sk3d it 95% % PEA 36 ) A1 850 hPa XUz 5t (Hfii: ms™)

Fig.5 The surface temperature (units: °C, the dotted regions denote exceeds the 95% confidence level),
precipitation (units: mm d™*, the dotted regions denote exceeds the 95% confidence level) and 850 hPa
wind anomalies (units: m s) in SON, DJF and MAM of Super El Nifb (a-c, j-1), general Eastern El Nifd

(d-f, m-0), and EI Nifo Modoki (g-i, p-r)
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Fig.6 The vertical zonal circulation anomalies (2.5°S ~ 2.5°N average ) in the winter (DJF) of Super El
Nifp (a), general Eastern EI Nifp (b) and EI Nifo Modoki (c) (shaded areas indicate the vertical velocity

anomaly in P coordinate, units: -10” Pa s™)
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Fig.7 The 500 hPa Omega (units: -107 Pa s™) and 200 hPa divergence wind (units: m s™) anomalies in
Super EI Nifo (top), general Eastern EI Nifp (middle) and EI Nifo Modoki (bottom) (rectangular regions
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Fig. 8 The 500 hPa geopotential height anomalies of Super El Nifp (top), general Eastern El Nifp (middle)
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Fig. 11 The 300 hPa zonal wind (shading, units: m s) and vertical wind shear (contours, units: m s™)
between 300 hPa ~ 850 hPa in SON and DJF of Super EI Nifo (a, b), general Eastern El Nifp (c, d) and El

Nifo Modoki (e, f) events
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oM, LUK B 1982/1983, 1997/1998, 2015/2016 4 =I5 EI Nifd H4E. — B &R
T El Nifo FH4A0 El Nifo Modoki F4,  7RIE 75 X itiE a0 70wl AT 150°W~120°W,
170°W~140°W, 170°E~160°W Z[i]. Xf#k | LMEHT SST i % 7025 (Kao and
Yu, 2009; Kug etal., 2009) I}, #iRFft S — BRI R — K, (HPEER
[ DX Al i e 5 AN R 2 ) (R o e 1 R SST St I Bl R AURAR 3 5 A7 1) ) B
£ (Chiodi and Harrison, 2010, 2013).

(2) EIl Nifo FA40F X35 A s L T 738 o S s sh b i A B o i 5t
T AR SR EI NifD SR, BT AR P8 ST 0 U IX R 25, 3RO M AT L 7
ALK AT mR T R E, EMEREZ/RIEREREKRS . — BRI FEM S, Pl
i N e B o AP e R G L T IR o 9 Qi s N P it [ G = e
RS, ORI AR K IR 2, X5 DUABIF T8 R 2R 30 2R A 32 s oK) Y 2R 350
TRE4E R AE (Wang and Hendon, 2007; Taschetto and England, 2009) . 57 % X it fiw 78
[¥1 EI Nif Modoki S fFH, #7H ZR TU SRR T UTIX BE (R 7, S 45RAEA JE JR 2 /K W
R AR 2D o SRR AN R B IR AR R 2 e o S Ui e kA ], Kt () 5.
A X, PNA B AL B H7RTE 57 8 04 e A7 B JLE o B9 Bl Nifp FFHr, PNA
BV E A 2R, AR AL IE R 2 s, & ZRdb3e KPR B 0= (Paek et al., 2017;
Anyamba et al., 2019) . — AR IALFLEF, PNA P FIA7 B WS 74, 751638 KA iR ,
JEE AR HIL™FE . El Nifo Modoki F4:m1, PNA P E I, 134206 Km0
TRAR(%. AR, ENSO S50 BRI - 78 b DX RS FR VAR PR 5 M) & AN < AT
Far, MPEAEZ (Greatbatch et al., 2004; Bronnimann, 2007), Feng 25 (2017) &1
E TR A o Y B R AR AL AR P B B REAR G, IAE AR 5 R I, — AR FE AL AN El Nifp
Modoki FHF47%, KPP LI NAO S, 50RO Rt v 24 152 b [X AU AR A1 -
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