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Abstract

El Nifio-Southern Oscillation (ENSO) exhibits clear amplitude asymmetry, with El Nifio being stronger
than La Nifia. Previous studies have attributed this to nonlinear oceanic dynamic heating. Using
reanalysis data, this study compares the contributions of linear dynamic heating during the de-
veloping stages of El Nifio. It is found that the responses of mixed layer currents and thermocline
depth in the equatorial central-to-eastern Pacific to anomalous westerlies during El Nifio is stronger
than those to anomalous easterlies during La Nifia, resulting in greater growth of El Nifio contri-
buted by zonal advection feedback and thermocline feedback. The asymmetric response of ocean
dynamics arises from the stronger response of anomalous westerly to El Nifio than the response of
anomalous easterly to La Nifia, which is originated from the nonlinear sensitivity of atmospheric
convection to sea surface temperature (SST) in the tropical Pacific. Within the SST range of 25.5°C~
29°C, the enhancement of atmospheric convection triggered by SST warming is larger than the
suppression of convection generated by SST cooling of equal magnitude. El Nifio can therefore
drive stronger anomalous westerly winds and oceanic dynamic heating. In summary, this study
reveals the transmission of the asymmetry in the air-sea coupled dynamical chain, thereby pro-
viding an interpretation on ENSO amplitude asymmetry.
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ENSO (EI Nifio-Southern Oscillation) & £y K -3 i 2 [ L FE 7 FH s BRI IR [1], (H72& ENSO
SR PEAEAE W S AERFRIE[2], BD EI Nifio 38T La Nifia. Bjerknes $2 R X7 EFEREIRE SR R
JE 22 R IE S 5% ENSO HFELR R IKEN 11[3]. 7 NFE I EEIR A JE R R 2 N IR AR L 30 0 iR )
ISR BEBE 55 ($004) EI Nifio (La Nifia) J11A] (1) Bjerknes 1E 55, U ENSO &R M8 H B AE X FR[4]-[10] -
[FRF, BRI m A a2 S50 ENSO HiRiE H A FR, 9 e A R SR BE IR o XU K [11]-[15]
A K[16] [17]RE3E 5% EI Nifio, 17 La Nifia #[a) SE 5 BRI #viy A F e 5 L2401 La Nifa [18].

IR, B FCARAE 2R P B IR R SO Ekman [ 4552k 50 1 in#i e El Nifio 11A]58 T La
Nifia #[H], R8-S50 ENSO HRIE M AEXFR[19]. ADRFFTIE &I El Nifio A BRI IRERZER AT b T
WHIAR AL KT La Nifia 118 [20] [21] [22], B8 EI Nifio % & 2 3h i ABUR 58 T La Nifia &% 3.
SR, IXLLHEVE SN/ El Nifio 55 La Nifia 18] H B AEXEFR (028 1k 2 i 58 4 iR 1) 1)
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h FIRERE RO, G AROKSFPE BT 3R Z K i 2 3 R T A EAME IR B, iR E 5k .
ENSO 5lkSFHIFH K, FEGHARRIIBN, WS IR R R S B R A R R A B . R,
& F8H El Nifio 5 La Nifia BRI R AR 2 El Nifio 51 & 15 # 76 X5 La Nifa 51 & 15
R A B B JEXT AR T2 [22] [23] [24]. 7EL ML Gill BEEUALA T, ENSO 5|2 i K37 (1A Ak
KA SR ESCIR 55 1T 5| A P S e T A o B2 T SRSl R [25] o $RTTT, DR AR AT X VB 78 A P e 17 A AR 2
PERI[26], BPTEFRTEH AR P 25.5°C~29°C I el 1, MR o i (0T T o st s i 2 i T~ 55 2= 1)
WFIR AR S R BRI IR o BRI, FRATIAE I EN Nifio BE b [R5 58 B2 1Y) La Nifia 350 & 55 5 f0 T 57t 5 X
Wyix — I F 525 TR - R R AR 2 U
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2.1, ¥iiE

ASCHIWFERT By 1980 4222 2022 4F,  Pirfit FH iR IR AL . X 7Kk 4E 5T (Outgoing Longwave Rad-
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X =T 2 Bjerknes IF Wi 2 TR, b, WRERZE RO DTERER R, AR PRUR SR, Ekman 5
B 55 HAWAE FH T30 5 56 7 2 (R 8k 22 9 (X [ 19] [30] [31].

2.2.2. ENSO BE#H¥IE

ARSCRHU) ENSO 4058 77325k B T3 A AR AU B R U0 Pl Xt ENSO € 3, B3
A AT Nifio3.4 $850(170°W~120"W, 5°S~5°N I [X. P4 P44 v T L S )4 /N H KT 0.5°C
35 J9 EN Nifio F4E, /NF—0.5CII¥I%E Jy La Nifia F4F. ENSO NESEEM:, @W 5HEKBEYITIEK
J& HAEAZE(CYTE 12 A~ 2 AR IR, AR FATERUY ENSO a1 1 Ak .

Table 1. El Nifio and La Nifia events used in this study during 1980~2022
1. AHFSPTIEEAY 1980~2022 £E/9 El Nifio #0 La Nifia =4

El Nifio F4(12 iX) La Nifia (13 )
2002/03, 2004/05, 2006/07, 2009/10, 2015/16, 2018/19 2021/2022 ' ’ ' ’ '
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Figure 1. Horizontal distributions of sea surface temperature anomalies in the mature phase of (a) El Nifio and (b) La Nifa
during 1980~2022, and (c) their differences (unit: °C). The green box denotes Nifio3 region (150°W~90°W, 5°S~5°N)
%] 1. 1980 £~2022 £ (a) EI Nifio #(b) La Nifia B HARERF EREH() ZEMNZBIH(RA: C), BPREHFIEAR
Nifio3 [X(150°W~90°W, 5°S~5°N)
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TR IR Z R ISE El Nifio 55 La Nifla & e B A FRt . ¥ 2(b)F1 ] 2(c) B, ElNifio 5 La Nifia
JE X A S U R ZE (B AR R AR PSS IEA, R BT IS RN EI Nifio E’Jﬁ@ A, EMEI R

JEI 8] Y El Nifio 7E & Z= (R IE 2> 58 T La Nifiao M2 1 740, 45 [A) P S o (—u —)%ﬂ/mﬁj’c}:fi (W ;“'b )

AR R A El Nifio A IR G R P 5 R g o B (U ) RICR J2 7 Wi 5 BE (T, )R T La
Nifia & JEHI[20] [21]. BRI N SCR AOSYI R SRTTHGFESD 11 REAE ENSO & IR Ak K Hook
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Figure 2. The differences of (a) SST anomaly tendency, (b) zonal advection feedback, and (c) thermocline feedback between
El Nifio and La Nifia events averaged between April and December in their developing year (unit: “C/month). The green box
denotes Nifio3 region (150°W~90°W, 5°S~5°N)

2. El Nifio £F#0 La Nifia % R F 4~12 AFH#89(a) BRFRFEHE, (b) SERTRRER, () REKERIFMHIEEE
fiI: C/B). EhEEGFHEN Nifo3 X(150°W~90°W, 5°S~5°N)

DOI: 10.12677/ccrl.2024.134092 806 SR TR


https://doi.org/10.12677/ccrl.2024.134092

W%, WEGE

4. ENSO HiE; 5S84 mE RIEXTFR
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RRUIMEREEE Kelvin S5 7RE F R 4E#, SE Nifo3 XIRRZME(E 3(0), WHEREZRZ T
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WK ) ZR fnia R I & X, DRI 26 1) P S it g 2F EN Nifio (1)< J# . La Nifia & € ] Nifio4 [X B+
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Figure 3. (a) The anomalous wind stress (unit: N/m?), (b) Surface zonal currents (unit: m/s), and (c) Thermocline depth (m)
averaged during April and December in the developing year of El Nifio. (d)~(f) Similar as (a)~(c), but for those in the de-
veloping year of La Nifia. (g)~(i) The differences of corresponding variables between EI Nifio and La Nifia. The solid and
dashed green boxes denote Nifio3 and Nifio4 (160°E~150°W, 5°S~5°N) regions
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Figure 4. (a) The lead-lag relationship and (b) asymmetric responses between thermocline depth in the Nifio3 region
(Z20'%, unit: m) and wind stress over the Nifio4 region (7., unit: N/m?) in the developing year of ENSO. (c) (d) Similar as
(@) (b), except for those between SST (SST'®, unit: °C) and thermocline depth in the Nifio3 region. (e)~(h) Similar as
(@)~(d), but for relationships of wind stress over the Nifio4 region, zonal sea current (u.®, unit: m/s) and SST in the Nifio3
region. The purple dots indicate values with total SST exceeding 27°C
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Figure 5. (a) Anomalous SST (unit: °C) and (b) OLR (unit: W/m?) averaged during April and December in the developing
year of El Nifio. (c) and (d) are for the developing year of La Nifia, (€) and (f) are for the differences between EI Nifio and La
Nifa in their developing years
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Figure 6. (a) The lead-lag relationship and (b) asymmetric responses between the anomalous OLR over the Nifio4 region
(OLR’C, unit: W/m?) and SST in the Nifio3 region (SST’E, unit: °C) during April and December of ENSO developing year. (c)

(d) Similar as (a) (b), except for those between anomalous zonal wind stress (z.°, unit: N/m?) and SST in the Nifio4 region.
(e) (f) For the relationships of anomalous zonal wind stress over the Nifio4 region and SST in the Nifio3 region. The purple
dots indicate values with total SST exceeding 27°C
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Figure 7. (a) The relationship between atmosphere convection (indicated by OLR) and SST, and (b) the sensitivity of con-
vection to SST in the equatorial Pacific (5°S~5°N, 120°E~80°W) during 1980 to 2022. The solid red line and light red shad-
ing represent the mean OLR and its standard deviation in each SST range of 0.25°C

& 7. 1980~2022 FFREKFiF(5°S~5°N, 120°E~80°W)HIFRAE R S 3T 758 E BT IMC K 52587 (OLR) 58 R mIRE (SST)
ZIEMXE QFEHREME (b). 2EBMESLLAT 0.25CERXEANMFEL OLR, XA EMHARFNKIR OLR H—EiRf
=

W 7(0)far, KRARHR - B R BURYELE 25.5°C~28.5°C frIHEIR [X 8] A BE HF IR (0 TH w8 o, (HAE
28.5~29.5°C [X [1] Py B A o s T 955 o BT KON - W A AR — . AR BURPE, ENSO g
T 5] R R AR AR AT AR A I T

T T+AT OOLR
OLR™ =/ — 4T (6)

BT /R E AR S SO IR(ICT 28.5°C, IXEMGE /L — & 1 Sl T i S =i (RP El Nifio) L

(18 DR AS0OT AL 39 5 A R 5 T S5 (VAU B AIG (BP L Niifa) 3 350 KA ik 55 R, B

[ 5(;'-R ar > [ —6OLR dT , %4 255C <T<285C, W

DOI: 10.12677/ccrl.2024.134092 811 SR TR


https://doi.org/10.12677/ccrl.2024.134092

W%, R

BEITTT, EN Nifio i 175 T8 AR R SF-E I (0 T s e A S 58 0 7 th RPN G X 3, gk

ﬁ@ﬁ%ﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁ%ﬁ,ﬁ%ﬁ%%%ﬁ%ﬁ%@%5ﬁ%ﬁ%%%%ﬁo

5. BE&5TiL

ARHFFOEE T MRS KM BT VORE, R T ENSO 74 BE L AR HRIE AN Bk b5 K JE 9 73l Hh 2R P
FEENEBI IR R &R, B T BN S AR & R A IR AN ER 2 IR EE 6T ENSO K ]
A T DXL 7 W 157 58 P58 (KT A AR 2, i A 2l g e 2 PSS R 8 e DX g 5 0 P = R i
BETHS ENSO ¥ R A AR 1 1) 57 8 UL A7 BRI AR RS B VA A RO S i A AR 2 PR, TR 1 “if
Uit — KA — RN I - + IR ERJZ R FE—EFE 71X — ENSO RIS & 5E 25 h AR AR I
fRibigtt. WA TG 1 LU 458!

(1) HIFARE AR RO PO R R U E A2 AR — . ARZRIER, 25.5°C~28.5°C 1 FHIfFIR X [A]
W El Nifio 514 BRSO A R ACR 32 T La Nifia 51 R SURR IR GS 2R, BRI El Nifio REd#UR
SR ARIE ORI X R AR i O A BTG TR AR

(2) EI Nifio 51 A F 5 5 75 XX F7 BESUR SE 5 R R TTPEIRFEE Kelvin B /RIE 7 R A% H8, - AT S BCE
SRR 5 2 4 )RR AR IR Z IR AR AL, FH IR 58 B T RURE ) T BT A6 A R A 3 30 g i [ e ) 3

(3) Az i L R AR Bk e 44 i P S AR IR 2 S 15t 3 2 N Nifio AT SEPR (A P, 3
171 B0 e RO B RS, JeE e DR A X U ) 1 e e A AP B e B 9 1 S 3 8 XA B0 T W
I, g ORI A AR AR P T A 4 F BIBCK, El Nifio 30 5 98 (1 & ZR I R

ST ER G R RBCIBINEARRRRZ, AUTUEE ENSO K R & I3 1 Rt [6]
PR, SRUE PR L PR KSR A T XS AR PR SR, I AR A2 S Bl 7 Wiy 7 v 3 i 7 55 32
FIANKIFRAE, AT ENSO HRIE AN FR B AT E 3 28 K SORHAL — I A AR Ze M e . PRIk, 2Bt
BT PLE PPt 2 2% A 2 i O 15 55 & ENSO IR AR BRI AR o

E&mHE
AW TR BN T B K H AR R AT I H (41976015) K b R R 2 “ H R SA” TAR R B 4 3

o

SEEk
[1] Philander, G. (1989) El Nifio and La Nifia. American Scientist, 77, 451-459.https://www.jstor.org/stable/27855934
[21 T3, @A, Kk, BASE. ENSO fEIR I AEXS FRIE B HALHIWRE BRI [I]. #arif e 224k, 2011, 30(4): 31-37.

[3] Bjerknes, J. (1969) Atmospheric Teleconnections from the Equatorial Pacific. Monthly Weather Review, 97, 163-172.
https://doi.org/10.1175/1520-0493(1969)097<0163:atftep>2.3.co;2

[4] Jin, F., An, S., Timmermann, A. and Zhao, J. (2003) Strong El Nifio Events and Nonlinear Dynamical Heating. Geo-
physical Research Letters, 30, 20-1. https://doi.org/10.1029/2002g1016356

[5] An, S.and Jin, F. (2004) Nonlinearity and Asymmetry of Enso. Journal of Climate, 17, 2399-2412.
https://doi.org/10.1175/1520-0442(2004)017<2399:naaoe>2.0.c0;2

[6] Su,J., Zhang, R., Li, T., Rong, X., Kug, J. and Hong, C. (2010) Causes of the El Nifio and La Nifia Amplitude Asym-
metry in the Equatorial Eastern Pacific. Journal of Climate, 23, 605-617. https://doi.org/10.1175/2009jcli2894.1

[7]  AHFR. ENSO SAFAENT BRI IR 7T [0]. ST 7, 2013, 31(1): 35-44.

[8] Hayashi, M. and Jin, F. (2017) Subsurface Nonlinear Dynamical Heating and ENSO Asymmetry. Geophysical Re-
search Letters, 44, 12,427-12,435. https://doi.org/10.1002/20179gl075771

[9] Hayashi, M., Jin, F. and Stuecker, M.F. (2020) Dynamics for El Nifio-La Nifia Asymmetry Constrain Equatorial-Pacific

DOI: 10.12677/ccrl.2024.134092 812 SR TR


https://doi.org/10.12677/ccrl.2024.134092
https://www.jstor.org/stable/27855934
https://doi.org/10.1175/1520-0493(1969)097%3C0163:atftep%3E2.3.co;2
https://doi.org/10.1029/2002gl016356
https://doi.org/10.1175/1520-0442(2004)017%3C2399:naaoe%3E2.0.co;2
https://doi.org/10.1175/2009jcli2894.1
https://doi.org/10.1002/2017gl075771

W%, WEGE

[10]
[11]

[12]

[13]
[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

Warming Pattern. Nature Communications, 11, Article No. 4230. https://doi.org/10.1038/s41467-020-17983-y
KT, AR, BiEEE. PDO X ENSO JEXS R (AR ACER 1 8 K FOHLAI[I]. #Aiv e 274k, 2023, 42(4): 36-46.

Chen, D., Lian, T., Fu, C., Cane, M.A., Tang, Y., Murtugudde, R., et al. (2015) Strong Influence of Westerly Wind
Bursts on EI Nifio Diversity. Nature Geoscience, 8, 339-345. https://doi.org/10.1038/nge02399

Lengaigne, M., Boulanger, J.P., Menkes, C., Delecluse, P. and Slingo, J. (2004) Westerly Wind Events in the Tropical
Pacific and Their Influence on the Coupled Ocean-Atmosphere System. Earth Climate: The Ocean-Atmosphere Inte-
raction, Geophysical Monograph Series, 147, 49-69.https://doi.org/10.1029/147GM03

Eisenman, 1., Yu, L. and Tziperman, E. (2005) Westerly Wind Bursts: Enso’s Tail Rather than the Dog? Journal of
Climate, 18, 5224-5238. https://doi.org/10.1175/jcli3588.1

Vecchi, G.A., Wittenberg, A.T. and Rosati, A. (2006) Reassessing the Role of Stochastic Forcing in the 1997-1998 EI
Nifio. Geophysical Research Letters, 33, L01706. https://doi.org/10.1029/200591024738

Puy, M., Vialard, J., Lengaigne, M. and Guilyardi, E. (2015) Modulation of Equatorial Pacific Westerly/easterly Wind
Events by the Madden-Julian Oscillation and Convectively-Coupled Rossby Waves. Climate Dynamics, 46, 2155-2178.
https://doi.org/10.1007/s00382-015-2695-x

Lian, T., Chen, D., Tang, Y., Liu, X., Feng, J. and Zhou, L. (2018) Linkage between Westerly Wind Bursts and Tropi-
cal Cyclones. Geophysical Research Letters, 45, 11,431-11,438. https://doi.org/10.1029/201891079745

Wang, Q., Li, J., Jin, F., Chan, J.C.L., Wang, C., Ding, R., et al. (2019) Tropical Cyclones Act to Intensify El Nifio.
Nature Communications, 10, Article No. 3793. https://doi.org/10.1038/s41467-019-11720-w

An, S. (2008) Interannual Variations of the Tropical Ocean Instability Wave and Enso. Journal of Climate, 21, 3680-
3686. https://doi.org/10.1175/2008jcli1701.1

Guan, C., McPhaden, M.J., Wang, F. and Hu, S. (2019) Quantifying the Role of Oceanic Feedbacks on ENSO Asym-
metry. Geophysical Research Letters, 46, 2140-2148. https://doi.org/10.1029/201891081332

An, S. and Kim, J. (2017) Role of Nonlinear Ocean Dynamic Response to Wind on the Asymmetrical Transition of El
Nifio and La Nifia. Geophysical Research Letters, 44, 393-400. https://doi.org/10.1002/2016¢1071971

Im, S., An, S., Kim, S.T. and Jin, F. (2015) Feedback Processes Responsible for El Nifio-La Nifia Amplitude Asymme-
try. Geophysical Research Letters, 42, 5556-5563. https://doi.org/10.1002/2015g1064853

Geng, T., Cai, W., Wu, L. and Yang, Y. (2019) Atmospheric Convection Dominates Genesis of ENSO Asymmetry.
Geophysical Research Letters, 46, 8387-8396. https://doi.org/10.1029/2019g1083213

Kang, I. and Kug, J. (2002) El Nifio and La Nifia Sea Surface Temperature Anomalies: Asymmetry Characteristics
Associated with Their Wind Stress Anomalies. Journal of Geophysical Research: Atmospheres, 107, ACL 1-1-ACL 1-10.
https://doi.org/10.1029/2001jd000393

An, S., Tziperman, E., Okumura, Y.M. and Li, T. (2020) ENSO Irregularity and Asymmetry. El Nifio Southern Oscil-
lation in a Changing Climate, Geophysical Monograph Series, 153-172.

Gill, A.E. (1980) Some Simple Solutions for Heat-induced Tropical Circulation. Quarterly Journal of the Royal Me-
teorological Society, 106, 447-462. https://doi.org/10.1002/qj.49710644905

Xie, R., Mu, M. and Fang, X. (2020) New Indices for Better Understanding ENSO by Incorporating Convection Sensi-
tivity to Sea Surface Temperature. Journal of Climate, 33, 7045-7061. https://doi.org/10.1175/jcli-d-19-0239.1

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horanyi, A., Mufioz-Sabater, J., Nicolas, J., Peubey, C., Radu, R.,
Schepers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X., Balsamo, G., Bechtold, P., Biavati, G., Bidlot, J., Bona-
vita, M., De Chiara, G., Dahlgren, P., Dee, D., Diamantakis, M., Dragani, R., Flemming, J., Forbes, R., Fuentes, M.,
Geer, A., Haimberger, L., Healy, S., Hogan, R.J., H6Im, E., Janiskova, M., Keeley, S., Laloyaux, P., Lopez, P., Lupu,
C., Radnoti, G., de Rosnay, P., Rozum, I., Vamborg, F., Villaume, S. and Thépaut, J.N. (2017) Complete ERAS5 from
1940: Fifth generation of ECMWEF atmospheric reanalyses of the global climate. Copernicus Climate Change Service
(C3S) Data Store (CDS).

Zuo, H., Balmaseda, M.A., Boisseson, E.D., Hirahara, S., Chrust, M. and Rosnay, P.D. (2017) A Generic Ensemble
Generation Scheme for Data Assimilation and Ocean Analysis. ECMWF. https://doi.org/10.21957/cub7mq0i4

Carton, J.A., Chepurin, G., Cao, X. and Giese, B. (2000) A Simple Ocean Data Assimilation Analysis of the Global
Upper Ocean 1950-95. Part I: Methodology. Journal of Physical Oceanography, 30, 294-309.
https://doi.org/10.1175/1520-0485(2000)030<0294:as0daa>2.0.c0;2

Jin, F., Kim, S.T. and Bejarano, L. (2006) A Coupled-Stability Index for ENSO. Geophysical Research Letters, 33,
L23708. https://doi.org/10.1029/2006g1027221

Ren, H. and Jin, F. (2013) Recharge Oscillator Mechanisms in Two Types of ENSO. Journal of Climate, 26, 6506-6523.
https://doi.org/10.1175/jcli-d-12-00601.1

DOI: 10.12677/ccrl.2024.134092 813 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2024.134092
https://doi.org/10.1038/s41467-020-17983-y
https://doi.org/10.1038/ngeo2399
https://doi.org/10.1029/147GM03
https://doi.org/10.1175/jcli3588.1
https://doi.org/10.1029/2005gl024738
https://doi.org/10.1007/s00382-015-2695-x
https://doi.org/10.1029/2018gl079745
https://doi.org/10.1038/s41467-019-11720-w
https://doi.org/10.1175/2008jcli1701.1
https://doi.org/10.1029/2018gl081332
https://doi.org/10.1002/2016gl071971
https://doi.org/10.1002/2015gl064853
https://doi.org/10.1029/2019gl083213
https://doi.org/10.1029/2001jd000393
https://doi.org/10.1002/qj.49710644905
https://doi.org/10.1175/jcli-d-19-0239.1
https://doi.org/10.21957/cub7mq0i4
https://doi.org/10.1175/1520-0485(2000)030%3C0294:asodaa%3E2.0.co;2
https://doi.org/10.1029/2006gl027221
https://doi.org/10.1175/jcli-d-12-00601.1

W%, R

[32] Zebiak, S.E. and Cane, M.A. (1987) A Model El Nifi-Southern Oscillation. Monthly Weather Review, 115, 2262-2278.
https://doi.org/10.1175/1520-0493(1987)115<2262:amen0>2.0.c0;2

[33] Lau, K., Wu, H. and Bony, S. (1997) The Role of Large-Scale Atmospheric Circulation in the Relationship between
Tropical Convection and Sea Surface Temperature. Journal of Climate, 10, 381-392.
https://doi.org/10.1175/1520-0442(1997)010<0381:trolsa>2.0.co;2

[34] Sabin, T.P., Babu, C.A. and Joseph, P.V. (2012) SST-Convection Relation over Tropical Oceans. International Journal
of Climatology, 33, 1424-1435. https://doi.org/10.1002/joc.3522

DOI: 10.12677/ccrl.2024.134092 814 SR TR


https://doi.org/10.12677/ccrl.2024.134092
https://doi.org/10.1175/1520-0493(1987)115%3C2262:ameno%3E2.0.co;2
https://doi.org/10.1175/1520-0442(1997)010%3C0381:trolsa%3E2.0.co;2
https://doi.org/10.1002/joc.3522

	ENSO振幅不对称与赤道太平洋大气对流–海温非线性敏感性的关系研究
	摘  要
	关键词
	Investigation of the Relationship between ENSO Amplitude Asymmetry and the Nonlinear Sensitivity of Atmospheric Convection to Sea Surface Temperature in the Equatorial Pacific
	Abstract
	Keywords
	1. 引言
	2. 数据与方法
	2.1. 数据
	2.2. 方法
	2.2.1. 海洋混合层热含量收支分析
	2.2.2. ENSO事件的判定


	3. ENSO振幅及线性动力加热的非对称空间分布
	4. ENSO期间海气耦合强度的非对称
	4.1. 海流和温跃层深度对海面风应力的不对称响应
	4.2. 海面风场对异常海温的非对称响应
	4.3. 赤道太平洋大气对流–海温非线性敏感性 

	5. 总结与讨论
	基金项目
	参考文献

