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[1] The asymmetric nature of El Niño and La Niña sea surface temperature (SST)
anomalies is investigated by the use of National Centers for Environmental Prediction
reanalysis data and various ocean and atmosphere models. It is demonstrated that the
relatively weak SST anomalies during La Niña compared with those of El Niño are related
to the westward shift of wind stress anomalies by 10–15. The asymmetric characteristics
of atmospheric responses are confirmed by the general circulation model experiments with
the two different SST anomalies, which have equal amplitude but are of opposite sign
from each other. The experiments with an intermediate ocean model and a hybrid coupled
model clearly show that the SST anomalies over the equatorial Pacific become weaker as
the zonal wind stress shifts to the west. Not only the amplitude but also the oscillation
timescale of the SST anomaly is shown to be sensitive to the location of wind stress
anomalies. The duration of La Niña, which is rather shorter than that of El Niño, is also
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1. Introduction
[2] The tropical Pacific SST is oscillating on interannual
timescales with a positive anomaly during El Niño and a
negative anomaly during La Niña [Philander, 1985]. A
prevailing view of the cyclic phenomenon is based on linear
behavior: one extreme phase being a mirror image of the
other. However, a recent study [Hoerling et al., 1997]
indicates that there is large nonlinearity in tropical convection and extratropical circulation anomalies during El Niño
and La Niña. The nonlinearity appears not only in the
atmosphere but also in the sea surface temperature (SST)
anomalies. The El Niño SST anomalies tend to be greater
than those during La Niña.
[3] The relatively small amplitudes of SST anomalies
during La Niña compared to those of El Niño have been
simulated by various kinds of ocean-atmosphere coupled
models, including an intermediate coupled model [Cane and
Zebiak, 1987] and a coupled general circulation model [Yu
and Mechoso, 2001]. In particular, the nonlinear characteristics of SST anomalies are distinctive in Cane and Zebiak’s
[1987] model. Herein after the model is referred to as the ‘‘CZ
model.’’ It is known that in the CZ model, the small SST
Copyright 2002 by the American Geophysical Union.
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anomalies during La Niña are due to the parameterization of
subsurface temperature, which prevents excessive cooling
beyond a certain threshold of thermocline depth. However,
Dewitte and Perigaud [1996] showed using XBT subsurface
temperature data that the subsurface temperature anomalies
(Tsub) are symmetric for deepening and shoaling of thermocline depth. Jin and Neelin [1993] have used a symmetric
relationship for Tsub as a function of the thermocline anomalies. Kang and Kug [2000] showed that the El Niño predictability of the CZ model is much improved when the Tsub
parameterization is altered with a symmetric relationship.
Those studies mentioned above indicate that the relatively
weak SST anomalies during La Niña may not be related to a
nonlinear relationship between the thermocline depth and the
subsurface temperature anomalies.
[4] Ocean nonlinear dynamics other than those related to
the subsurface temperature can lead to the asymmetric nature
of SST anomalies during El Niño and La Niña. However, a
recent study by Hoerling et al. [1997] indicates that the
asymmetric nature may predominantly originate from the
nonlinearity of the tropical atmosphere. Hoerling et al.
[1997] showed that the tropical atmospheric responses are
not linear for equal and opposite SST anomalies. During El
Niño, the convection anomalies appear over the central and
eastern tropical Pacific, whereas the anomalies associated
with La Niña are more or less confined in the west central
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Pacific. This nonlinear response of convection is due to the
dependency of active convection on the underlying value of
the sea surface temperature [e.g., Gadgil et al., 1984]. In the
west Pacific warm pool region, small SST deviations from its
climatological value can excite large rainfall anomalies,
whereas positive SST anomalies of appreciable amplitude
are required to induce convection in the eastern equatorial
Pacific cold tongue region. On the other hand, negative SST
anomalies in the cold tongue have no further effect on regions
having normally dry conditions [Hoerling et al., 1997;
Desser and Wallace, 1990]. As a result, the convection
anomaly during La Niña is shifted to the west compared to
that of El Niño. The different convection anomalies can lead
to contrasting wind stress patterns for El Niño and La Niña.
[5] Here, we investigate how the observed differences in
atmospheric convection and wind stress can lead to the
observed difference in the SST anomalies for the opposite
phases of El Niño/Southern Oscillation (ENSO). A recent
study by An and Wang [2000] shows that the equatorial SST
anomaly pattern is highly sensitive to a slight zonal shift of
the wind stress. In particular, they demonstrated that the
interdecadal change in the structure of the ENSO mode is
related to the longitudinal shift of the zonal wind stress by
showing that the equatorial zonal wind stress for the high
frequency decade (1962– 1973) with dominant oscillation
periods of 2– 4 years was shifted 10 westward compared to
that of the low-frequency decade (1982– 1992) with oscillation periods of 4 – 5 years. In the present study, the sensitivity of SST anomalies to the change of the wind stress
anomaly pattern is applied to understand the relatively weak
SST anomaly during La Niña compared to that of El Niño.
[6] Section 2 introduces the observed data and the models
utilized. The models include an intermediate ocean model
and an atmospheric general circulation model (GCM). In
section 3, we show the observed patterns of atmospheric and
oceanic anomalies associated with El Niño and La Niña.
Section 4 examines the ocean responses to various idealized
wind stresses located at different longitudes using an intermediate ocean model and a hybrid coupled model. In
section 5, the observed characteristics of ENSO SST variations are reproduced by a sequence of coupled model experiments with the observed wind stress patterns during El Niño
and La Niña. The summary and concluding remarks are given
in section 6.

2. Data and Model
[7] The data utilized are monthly means of sea surface
temperature, surface wind stress, outgoing longwave radiation (OLR), and sea level height over the tropical Pacific
domain between 120E– 100W and 20S – 20N. SST is
obtained from the National Centers for Environmental
Prediction (NCEP), which was constructed based on the
EOF of observed SST [Reynolds, 1988] and reconstructed
after January 1981 using the optimum interpolation technique [Reynolds and Smith, 1994]. The wind stress is obtained
from Florida State University (FSU) and OLR from the
NOAA polar-orbiting operational satellites [Gruber and
Winston, 1978]. Since the OLR is available only in the
period from July 1974 to December 1999, the same data
period is used for SST and wind stress. Sea level data are
taken from the reanalysis data set produced by the ocean

data assimilation system in NCEP [Ji et al., 1995; Behringer
et al., 1998]. The data period of sea level data used in this
study is from January 1980 to December 1999.
[8] An intermediate ocean model similar to that of Cane
and Zebiak [1987] is used in the present study. The only
difference between the present model and that of Cane and
Zebiak is the parameterization of the subsurface temperature.
In the CZ model, the subsurface temperature anomaly is
parameterized using the hypertangent functions of thermocline depth anomaly, which are different for different signs of
the thermocline depth anomaly. The CZ parameterization for
a negative case results in negative SST anomalies being kept
at a small value compared to those of the positive anomalies.
Battisti [1988] showed that the CZ model produces somewhat
smaller SST and wind stress anomalies in the cold event than
in the warm event. Dewitte and Perigaud [1996], however,
demonstrated using observed data that the subsurface temperature responds symmetrically to the sign of thermocline
depth. In the present study, we used a similar parameterization of subsurface temperature to that of Dewitte and
Perigaud [1996], which is the same for both negative and
positive values of the thermocline depth. This is accomplished by replacing the hypertangent function for a negative
case with that of a positive case. This symmetric function is
important for the present study because it precludes the ocean
dynamics as a possible reason for the asymmetric behavior of
El Niño and La Niña. It is also noted that the SST equation of
the CZ ocean model is not completely linear due to the
nonlinearity included in the advection terms. However, the
asymmetries of El Niño and La Niña SST anomalies produced
by the advection terms are found to be negligible (not shown).
[9] An atmospheric general circulation model (GCM) is
used to reproduce the observed characteristics of atmospheric responses to given SST anomalies. The GCM is a
spectral model with a triangular truncation at wave number
42 and has 20 vertical levels. The model was originally
developed at the University of Tokyo and modified at Seoul
National University (SNU). The physical processes included
are the Nakajima two-stream scheme for long wave and short
wave radiation [Nakajima and Tanaka, 1986], the Relaxed
Arakawa-Shubert scheme, shallow convection, land surface
processes, gravity wave drag, planetary boundary layer
processes, and others [Kim, 1999]. Kim [1999] showed that
the SNU GCM simulates reasonably well the climatological
mean pattern of tropical circulation statistics and their
anomalies during El Niño.

3. Observed Patterns for El Niño and La Niña
[10] Figures 1a and 1b show the composite SST anomalies for the mature phases of El Niño and La Niña,
respectively. The mature phase is defined here as the three
consecutive months of largest amplitude of the SST anomaly averaged over 180E–90W and 5S– 5N. Five El
Niño and La Niña after 1974 are used for the composite,
which are listed in Table 1. The NINO3 SST values
(averaged over 180E–90W and 5S – 5N) and the locations of maximum wind stress anomaly for each El Niño
and La Niña are also shown in Table 1. As seen in Figure 1
and Table 1, the amplitudes of SST anomalies during the
mature phase of El Niño are generally larger than that of La
Niña. It is noted that the composites of Figure 1 are based
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Figure 1. Composites of SST and OLR anomalies for the mature phases of El Niño and La Niña. Five
El Niño and La Niña after 1974 are used for the composite. Units are C for the SST anomalies of (a) and
(b) and Wm2 for the OLR anomalies of (c) and (d).
on small samples including the extremely strong El Niño for
1997 – 1998. However, the present results are consistent
with those of Hoerling et al. [1997] based on a large
selection of warm and cold events for 1950 –1996. Their
warm event composite does not include 1997 –1998, and
yet they too capture the asymmetry in amplitude of the SST
anomalies.
[11] Figure 1 also shows that the location of the maximum SST anomaly during La Niña is shifted to the west in
the central Pacific compared to that of El Niño. The spatial
patterns of OLR anomalies associated with El Niño and La
Niña, shown in Figures 1c and 1d, respectively, are somewhat different from each other. As pointed out by Hoerling
et al. [1997], the difference in OLR is attributed to the zonal
asymmetries of the climatological SST. In the western
Pacific, the convection anomaly appears to be proportional
to the SST anomaly. In the eastern Pacific, on the other
hand, a strongly nonlinear relationship exists in the con-

vective activities for different phases of the SST anomaly
since a negative SST anomaly has no further effect on the
relatively cold eastern Pacific [Hoerling et al., 1997].
[12] It is particularly noted that the convection center
during La Niña is shifted to the west compared to that of El
Niño. Associated with the westward shift of OLR, the
spatial pattern of zonal wind stress anomaly during La Niña
shown in Figure 2b is also shifted to the west by about 15
compared to the El Niño pattern (Figure 2a). The westward
shift of zonal wind and convection anomalies during La
Niña can be partly related to the westward shift of the SST
anomalies during La Niña (Figure 1b) compared to the El
Niño SST pattern (Figure 1a). However, as discussed above,
the westward shift of atmospheric responses during the
negative SST phase is mainly due to the zonal asymmetry
of climatological SST. It is noted that a cautionary remark
may be needed for the above results due to the limited
period of data used. There is a possibility of aliasing longer-

Table 1. Period Used for Composite of El Niño and La Niñaa
El Niño

La Niña

Period

NINO3 SST

Maximum Wind Stress

Period

NINO3 SST

Maximum Wind Stress

1997.10 – 97.12
1982.11 – 83.1
1987.8 – 87.10
1991.12 – 92.2
1976.9 – 76.11
Composite

3.23
2.59
1.37
1.03
0.80
1.81

163W
163W
180E
174W
158W
163W

1988.10 – 88.12
1975.11 – 76.1
1998.12 – 99.2
1984.12 – 85.2
1996.1 – 96.3
composite

1.66
1.60
1.02
0.87
0.72
1.09

180E
174W
174E
174W
174E
174E

a
NINO3 SST and maximum wind stress indicate corresponding SST anomaly in NINO3 region and the longitude at which the
maximum magnitude of wind stress averaged over 3S – 3N occurs, respectively. Composite is that of five El Niño and La Niña.
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Figure 2. Composite of wind stress anomalies for the mature phases of (a) El Niño and (b) La Niña.
Units are dyne cm2.

term climate variability modes in the composites. For
instance, ENSO composites developed from events in the
post-1974 period could well alias in the Pacific decadal
oscillation. However, the asymmetric character of the SST
anomalies presented above is essentially same as that
obtained using the 51 year data of 1950 – 2000. Moreover,
the GCM experiments were performed to confirm the
different locations of OLR and wind anomalies during the
different ENSO phases.
[13] Two sets of GCM experiments were carried out using
the same pattern and amplitude of SST anomalies over the
Pacific between 20S and 20N but with opposing signs. The
objective of these experiments is to examine the nonlinear
character of atmospheric responses to the different phases of
SST anomalies, which is related to the zonal pattern of
climatological SST. The positive and negative SST anomalies described above are obtained, respectively, by averaging
the absolute values of El Niño and La Niña SST anomalies
shown in Figure 1 (SSTEl Niño  SSTLa Niña)/2, and by
multiplying the positive anomalies by 1. In addition, one
set of experiments was also performed with the climatological SST to obtain simulated anomalies of the SST
anomaly runs. Each set of experiments consists of 10
ensemble runs with slightly different initial conditions.
For each run, the GCM was integrated for 100 days with
the Northern winter condition, and the result of each run is

obtained by averaging the model output for the last 50 days.
The ensemble means of surface zonal wind anomaly for the
experiments with the positive and negative SST anomalies
are shown in Figures 3a and 3b, respectively. The spatial
pattern of the positive wind stress anomaly shown in
Figure 3a is similar to that of Figure 2a and the amplitudes
of both anomalies are similar when we consider the drag
coefficient CD  1.5  103, indicating that the GCM
simulates the zonal wind anomalies reasonably well. The
negative wind anomaly shown in Figure 3b is not a mirror
image of Figure 3a. Comparison between Figures 3a and 3b
indicates that the zonal wind anomalies associated with the
negative SST anomalies are a little weaker and shifted about
15 to the west compared to those of the positive SST
anomalies. This result confirms the nonlinear characteristics
of atmospheric responses to the SST anomalies with equal
amplitude but opposing sign. It also implies that the difference between the spatial patterns of the observed wind stress
anomalies during El Niño and La Niña shown in Figure 2 is
mainly due to the nonlinear characteristics of atmospheric
responses to the SST anomalies with different signs. In the
following, we show that the zonal shift of wind stress
anomalies, appearing in the different ENSO phases, results
in significant changes in sea level and SST anomalies.
[14] The sea level anomalies associated with the wind
stress anomalies during the mature phases of El Niño and La
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Figure 3. Distribution of the wind anomalies simulated by a GCM. (a) The difference between the 10
ensemble mean of the experiments of climatological winter-mean SST and that of the experiments with
the El Niño SST anomaly shown in Figure 1a. (b) As in (a) except for the negative SST anomaly obtained
by multiplying the El Niño SST anomaly by 1. Contour interval is 0.8 ms1.

Niña are shown in Figures 4a and 4b, respectively. It is
clearly seen in the two figures that the amplitudes during La
Niña are smaller (by about one third) than those of El Niño,
particularly in the eastern tropical Pacific. The ratio between
the two sea level anomalies is similar to the corresponding
ratio between the SST anomalies shown in Figures 1a and
1b. This indicates that the asymmetric nature of El Niño and
La Niña SST anomalies is related to the sea level anomalies,
forced by different atmospheric conditions. The sea level
anomaly is closely related to the thermocline depth anomaly, which directly affects SST through the mean upwelling
particularly in the eastern equatorial Pacific [Hirst, 1988;
Kang and An, 1998]. It is also noted that the longitude of
the zero sea level anomaly coincides with that of the
maximum zonal wind stress. This relationship is due to
the Sverdrup balance between the wind stress and sea level
height [Jin, 1997].

4. Oceanic Responses to Different Idealized Wind
Stress Forcings
[15] In the present section, we investigate how the zonal
shift of zonal wind stress results in the differences in the
responses of thermocline depth and SST along the equato-

rial Pacific. For this purpose, the intermediate ocean model
described in section 2 is forced by an idealized form of wind
stress. The formula for the idealized wind stress is expressed
as
tð x; y; tÞ ¼ a F ð x; yÞT ðt Þ;
( " 
)
 #
 



X  X0 2
F ð x; yÞ ¼ Y0 y=Ly Y2 y=Ly  exp 
 0:2 ;
Lx
ð1Þ

a is a scaling coefficient, 0.4. F(x, y) is the spatial
function of the wind stress adapted from An and Wang
[2000]. y0 and y2 are the zeroth and the second-order
Hermit functions, respectively; X0 specifies the longitudinal position of the maximum wind stress; Lx = 35
and Ly = 9. These values are selected such that the
resulting wind stress resembles the spatial pattern similar
to the observed anomalies shown in Figure 2. T(t) is a
time-varying sinusoidal function with a timescale of 4
years, sin (t/4 yr).
[16] The three wind stress patterns are used for the
different values of X0 = 170E, 180E, and 170W, and
their longitudinal distributions along the equator are shown
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Figure 4. Composite of the sea level height anomalies for the mature phases of (a) El Niño and (b) La
Niña. Contour interval is 4 cm.

in Figure 5a. The intermediate ocean model is forced by the
idealized wind stresses until a regular oscillation occurred
with a timescale of 4 years. Figures 5b and 5c show the
thermocline depth and SST of the ocean model at the
positive peak phase of SST. The figures clearly show that
the location of wind stress is a crucial factor for determining
both the amplitude and spatial pattern of ocean states. The
node position of the thermocline depth moves according to
the location of maximum wind stress, and the westward
(eastward) shift of wind stress produces larger (smaller)
thermocline depths in the western Pacific, whereas smaller
(larger) thermocline depths are generated in the eastern
Pacific. Note that the thermocline depth anomalies in the
western Pacific do not affect the local SST [Kang and An,
1998], and therefore the large SST anomalies are confined
in the eastern Pacific (Figure 5c). It is also noted that the
amplitudes of SST responses doubles in the central and
eastern Pacific as the center of the wind stress shifts to the
east from 170E to 170W.
[17] Now a hybrid coupled model is used to examine the
feedback between the wind stress and SST. The hybrid
coupled model comprises the intermediate ocean model
used above and the wind stress equation parameterized in
terms of the NINO3 SST of the model. In other words, T(t)
in equation (1) is now replaced by the model producing
NINO3 SST, and the spatial function of the wind stress used

is the one in equation (1). Three different experiments have
been conducted with the spatial functions F(x,y) centered at
170E, 180E, and 170W. As seen in Figure 6, the coupled
model results are more sensitive to the wind stress position
compared to those of the forced experiments shown in
Figure 5 due to the positive feedback between the wind
stress and SST. For the wind stress centered at 170E, the
coupled model produces a weak SST oscillation with a
timescale of 2 years (Figure 6a). On the other hand, as the
wind stress shifts to the east, the amplitude of oscillation
becomes larger and the timescale becomes longer. The
amplitude of coupled oscillation for the wind stress centered
at 170W (Figure 6c) is about 10 times greater than that of
the wind stress centered at 170E (Figure 6a). The present
results clearly indicate that the ocean-atmosphere coupled
system in the tropical Pacific is very sensitive to the location
of wind stress anomalies.

5. Coupled Model Experiments With Observed
Wind Stress Patterns
[18] In order to simulate the SST variations of ENSO
more realistically, a statistical atmosphere model instead of
the idealized form of wind stress is coupled to the same
intermediate ocean model. The statistical atmosphere model
is developed based on the singular value decomposition
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to the average of the wind stress patterns for El Niño and La
Niña (Figure 2a – Figure 2b)/2. Thus the present model uses
the same spatial pattern of wind stress for the positive and
negative phases of NINO3 SST. The model is integrated for
50 years and the simulated ENSO-like oscillation is nearly
regular after 4 –5 years integration from random initial
conditions. Figure 7a shows the SST variations along the
equator for the 31st – 40th model years produced by the
coupled model. As seen in the figure, the coupled model
produces an ENSO-like oscillation with a timescale of 4
years, and the SST variations show similar amplitudes for
both El Niño and La Niña.
[19] The next experiment considered the effect of different wind stress patterns. For this purpose, we employed the
same model used above except that the singular vector of
wind stress is replaced by the observed wind stress patterns

Figure 5. Responses of the intermediate ocean model to
the three different wind stresses centered at 170E, 180E,
and 170W. Shown in (a) are the three wind stress patterns
along the equator, in (b) and (c) are the thermocline depth
and SST anomalies of the model along the equator.

(SVD) of observed zonal wind stress and SST [Kang and
Kug, 2000], which can be expressed as
tð x; yÞ ¼ m

XX
x

m¼

!
VSST ð x; yÞSSTð x; yÞ Vt ð x; yÞ;

y

X
t

!,
TSST ðtÞTt ðt Þ

X

TSST ðtÞ2 ;

ð2Þ

t

where VSST and Vt are the SVD singular vectors for
observed SST and wind stress anomalies, respectively, and
TSST and Tt are the associated time series. SST is the sea
surface temperature of the coupled model. The details of the
present coupled model are given by Kang and Kug [2000].
Whereas the model of Kang and Kug [2000] employs two
leading SVD modes, the present model makes use of the
first leading mode only. The first mode of Vt is very similar

Figure 6. Time series of NINO3 SST anomalies obtained
by a hybrid coupled model. The spatial functions of the
wind stress used are the same as those in Figure 4, but the
time variation of the wind stress is a function of NINO3
SST anomaly. (a), (b), and (c) are for the wind stress
patterns centered at 170E, 180E, and 170W, respectively.
Units are C.

ACL

1-8
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Figure 7. Variations of SST anomalies along the equator obtained using the hybrid coupled model. The
wind stress is formulated using (a) the singular SVD vector of observed wind stress, and (b) the observed
El Niño and La Niña composites shown in Figure 2 for the positive and negative phases of NINO3 SST.
Units are C.

of El Niño and La Niña shown in Figure 2 for the positive
and negative phases of NINO3 SST, respectively. Therefore,
in the present experiment, the wind stress pattern depends
on the sign of NINO3 SST, even for nascent phases, but the
strength of wind stress is proportional to the magnitude of
NINO3 SST. In order to use the observed wind stress
anomalies only in the tropical domain, the spatial function
of the wind stress is multiplied by a weighting function,
which is unity between 10S and 10N and an exponentially
decaying function poleward with a zero value at 15S and
15N.
[20] Figure 7b shows that the duration and amplitude of
El Niño SST anomaly are longer and larger, respectively,
than the La Niña counterparts. This result also demonstrates
that the relatively small amplitude of La Niña is due to the
shift of the wind stress anomaly to the west compared to
that of El Niño. Interestingly, the timescale of the oscillation
is reduced to about 3 years, mainly because of the shortened
duration of La Niña. It is also interesting to note that the
phase change from El Niño to La Niña takes place rather
quickly for about 1 year, whereas it takes about 2 years for
the reversed phase change toward an El Niño. Although the
experiment produces some of the observed ENSO characteristics, the oscillation is too regular and the timescale is
rather short compared to the observed value.
[21] However, the model more closely simulates the
observed characteristics of ENSO by adding stochastic
forcing. The stochastic transient forcing is applied in a
similar way to Kirtman and Schopf [1998], where the
stochastic forcing is calculated by removing the 9-month
running means from the FSU wind stress. The high-frequency transients thus obtained are randomly selected and
prescribed in each time step of the coupled model integra-

tion. The coupled model used is the same as that of
Figure 7b. The SST variations along the equator simulated
by the model for a 20-year period are selected from a
100-year integration and shown in Figure 8a. There are
certain differences in the simulations with and without the
stochastic forcing. Now the variations are more irregular
and the oscillation period is somewhat increased to 3 – 6
years, although the major characteristics such as the
duration and amplitude differences between El Niño and
La Niña are not much changed. These model characteristics are similar to those of the observed counterparts as
shown in Figure 8b.

6. Summary and Concluding Remarks
[22] The relatively weak SST anomaly during La Niña
compared to that of El Niño is demonstrated in the present
study. Such a difference in the SST anomalies results from
the nonlinear nature of zonal wind stress anomalies during
El Niño and La Niña. In particular, the weak SST anomaly
during La Niña is related to the westward shift of the wind
stress anomaly by about 10– 15 compared to the wind
stress during El Niño. The difference in the wind stress
anomalies is associated with the different spatial distributions of convection anomalies during El Niño and La Niña.
As pointed out by Gadgil et al. [1984] and Hoerling et al.
[1997], the convection difference is attributed to the zonal
asymmetries of the climatological SST. In the western
Pacific, the convection anomaly appears to be proportional
to the SST anomaly. In the eastern Pacific, on the other
hand, a strongly nonlinear relationship exists in the convective activities for different phases of the SST anomaly,
since negative SST anomalies have no further effect in the
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Figure 8. (a) As in Figure 7b except for the inclusion of stochastic forcing in the model. (b) as in (a) but
for observations. Contour interval is 0.5C. Negative values are shaded.

cold SST region. As a result, the convection and wind
stress anomalies during La Niña are shifted to the west
compared to those of El Niño. The nonlinear characteristics
of the atmospheric responses for the different phases of
ENSO are confirmed by the GCM experiments with two
different SST anomalies of equal amplitude but opposing
sign.
[23] It is pointed out that El Niño and La Niña are
anomaly states with respect to a climatological basic state,
but the two anomaly states of opposing sign do not have

equal amplitude. Now, a critical question is raised for the
oceanic and atmospheric basic states in the tropical Pacific.
The basic state is usually defined as a time mean field.
However, in the tropical Pacific, the climatological mean
SST obtained by a long-term mean should be a little warmer
than the actual SST basic state, since El Niño is larger than
La Niña. Thus the time mean can be biased toward a warm
condition. The present study suggests that it would be best
to construct the anomalies relative to the average of ‘‘nonENSO’’ years.
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