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Abstract In this study, an improved hybrid coupled model (hereafter referred to as “HCM_emd”) is developed by
parameterizing empirically the temperature of subsurface water entrained into the mixed layer (T.), in which a trop-
ical Pacific OGCM is coupled with a statistical atmospheric wind stress anomaly model that is constructed from a sin-
gular value decomposition (SVD) analysis through a SSTA submodel where T, is estimated empirically by means of
the statistical relation with the sea level anomalies (SLLA) simulated by the OGCM. As a comparison, a standard hy-
brid coupled model is also set up (hereafter referred to as “HCM_std”) , in which the same OGCM and statistical at-
mospheric model are coupled directly. The long time free integrations show that there are many biases in the simula-

ted interannual variability in HCM_std, which are observed in many other coupled models, such as the strong SST
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anomalies confined in a narrow band of the equator around the date line, but too weak anomalies in the eastern equa-

torial Pacific and along the coast of South America with a higher frequency oscillation (quasi-biennial oscillation). In

contrast, HCM_emd performs much better. The simulated ENSO variability distributes much more realistically in

both longitude and latitude directions with a frequency of 4 years, which is much closer to the observation. In parti-

cular, the seasonal phase-locked ENSO phenomenon is also reproduced in this improved coupled model. The further

analysis shows that the simulated ENSO in HCM_emd is consistent to a certain extent with the delayed oscillator,

western Pacific oscillator, recharge-discharge oscillator and advective-reflective oscillator from different aspects, im-

plying that multi-mechanisms may operate at the same time during ENSO cycles.

Key words ENSO simulation, subsurface temperature, parameterization, coupled model
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Fig. 1 The first SVD modes between SSTA and wind stress anomalies for (a) Jan, (b) Jul
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Fig. 2 Schematic diagrams for two types of hybrid coupled models: (a) HCM_std, SST anomalies from OGCM are used to calculate the wind
stress anomalies; (b) HCM_emd, SST anomalies from the embedded SSTA submodel are used. Information between two submodels is ex-

changed once a day
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Fig. 3 Time - longitude cross sections of HCM_std simulations along the equator: (a) SSTA; (b) zonal wind stress anomalies; (c) sea lev-

el anomalies (SLLA). The contour intervals are 0. 5 “C in (a), 0.01 N/m? in (b), and 5 cm in (¢), respectively
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B SVD 20—, B =Sz a2 =,
TEM EOF 230 Z 1 = A>3 53 5 B LA 4S5 B B 0] 5
ZE S [ RME At 22 T B SO S A 3fe [l
IR S B AR . B 7 45 AT MRS s
EI7R, 3 P S AR5 2 1y 22 BTk 3 0] o 68. 626 Al
16.8% . M ABLZS A I ] R 5L (EIw) AT LA
WL XM B R ENSO 16 ER 1) S AH
AR, R (EOFD), 7 AR e 3
FIEEPRERIE (0 B (B 7a) 5 S50M0, &
H AR BB A w8 (A KU (& 7e); SLA
DR R B S FRINAR VY ST E R 3 AR RS
SLA i () 176 PG K T-3 245 38 A1 b X H 90
A SLAAE G fEH L (B 7o), SRR KT
FEREERIE (G0 BESEAXT R, 7678 AF P AR i 41
X PSS TRR L (IE) 5%, IF FLE Nifo5 X
AR D KB, X5 “PERFERT Bis e
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Fig. 7 The first two combined EOF modes for (a, b) SST, (c, d) SLA, and (e, [) zonal wind stress anomalies from the HCM_emd simu-

lations: (a. c, e) The first modes; (b, d. ) the second modes
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5 12°N giaff e il (B 7).
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W SIAE I A i BR 2 T AR LA AR, (E S R
SLA {5 S AL HE 1 3 B 22t R 3E Kelvin % X R385
— A Rossby P AH 3 A2, X —J7 1 7] 58 A R
SLA 5 S AL 55 J2& th VT 22 A6 A [R] B 8] AS ] b o535 380
ok 1 Kelvin 7 (Rossby #) & fil i £ & &5
(Cane et al., 1990; Chao et al., 1993); BH— TR
T AME AL 1] B 2 32 B ARE SR J1 e B 538
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Fig. 8 Time series of Nino3 SSTA and SLA over the equatorial Pacific (5°S—-5°N, 120°E - 80°W) during model years 25 - 45 from HCM_

emd

(a) 6°N—9°N (b) 130°E (¢) Equator

Model year

90°W 120°W 150°W 180° 150°E I°N IS0°E 180°  150°W 120°W  90°W
[# 9 HCM_emd BE3Lf) SLA 28 S ] 3 i 8 (BAL7: em) s (&) Wy 6°N~9°N FH (BEARFREL ) 5 (b) WS (130°E) (BEARARIZ 1)) 5
(o) WRiE . IR IE(E
Fig. 9 Evolutions of SLA (cm) during model years 25 — 45 from HCM_emd along a path from the northern tropics to the equator; (a) Av-
eraged over 6°N - 9°N, plotted from east to west; (b) along the western boundary (130°E), plotted from north to south; (c¢) along the equa-

tor, plotted from west to east. Positive values are shaded
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SRR AR ENSO i)

HIFRIESM Rossby I (Kirtman, 1997),
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