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Abstract By comparing correlation of sea surface tempera-
ture (SST) and vertical circulation with canonical El Niño and
El NiñoModoki, we find that El NiñoModoki has an effect on
the Indian Ocean different from traditional El Niño. There
exists obvious Indian Ocean basin mode (IOBM) after canon-
ical El Niño, while insignificant SST anomalies exist in the
Indian Ocean after El Niño Modoki. Anomalous downdraft
and updraft appear over the eastern and western Indian Ocean,
respectively, during canonical El Niño, while anomalous up-
draft is weak over the Indian Ocean during El Niño Modoki.
Besides, the strength of El Niño Modoki is slightly weaker
than that of canonical El Niño. According to previous studies,
two mechanisms can explain IOBM after canonical El Niño:
tropospheric temperature (TT) mechanism and ocean dynam-
ics. However, both of them do not exist during El Niño
Modoki. Comparing with the complicated oceanic processes,
it is convenient to verify the observed TT anomalies and test
the possible mechanism using the simple model. Therefore,
we pay more attention on the question why TT mechanism

does not work during El Niño Modoki. Using a linear
barocinic model (LBM), we demonstrate that the strength of
SST anomalies and cold SST anomalies in the eastern Pacific
have an influence on TT anomalies. Especially, cold SST
anomalies in the eastern Pacific cancel the effects of warm
SST anomalies in the central Pacific on TT anomalies. It
suggests that the SST anomalies in the eastern Pacific are
important for the TT mechanism in two types of El Niño.

1 Introduction

The interannual sea surface temperature (SST) variation in the
Indian Ocean exerts a substantial influence on the surrounding
regions. The first leading mode of the interannual Indian
Ocean SST variability features a basin-wide warming or
cooling, known as Indian Ocean Basin Mode (IOBM). When
the IOBM is in the warming state, warm tropospheric Kelvin
wave is triggered, which can contributes to the anomalous
anticyclone over the Northwest Pacific (NWP) via the "capac-
itor effect" (Xie et al. 2009), the meridional displacement of the
East Asian jet (EAJ) (Qu and Huang 2012b) and the intensity
of the South Asia high (SAH; Qu and Huang 2012a), and thus
affect the East Asian climate, including summer rainfall (Xie
et al. 2010), typhoon (Du et al. 2011), high temperature ex-
tremes (Hu et al. 2011, 2012a, b) and so on.

The Indian Ocean basin-wide warming generally develops
during thewinter when El Niñomatures, reaches its peak in the
following spring (Alexander et al. 2002; Lau and Nath 2003;
Schott et al. 2009), and persists into the summer (Du et al.
2009). Numerous studies have investigated the mechanisms
for the formation of basin-wide warming in the Indian Ocean.
Lau (1997) showed that El Niño-induced anomalous atmo-
spheric circulation can cause IOBM through reducing surface
evaporation and increasing incoming short wave radiation,
which is known as "atmospheric bridge" mechanism (Klein
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et al. 1999). The spread of tropospheric temperature (TT)
anomalies associated with the propagation of El Niño-induced
equatorial planetary waves from the eastern Pacific to the
remote Tropics is the important process in such atmospheric
bridge, which is also called the TT mechanism (Chiang and
Sobel 2002; Chiang and Lintner 2005). Klein et al. (1999)
reported that net surface heat flux anomalies can explain most
of the tropical Indian Ocean (TIO) warming, but the tropical
southwestern Indian Ocean (SWIO) is an exception, suggest-
ing that ocean dynamics is important there, which is further
proved in model study (Lau and Nath 2000). Masumoto and
Meyers (1998) reported that there are anticyclonic wind anom-
alies over the south TIO during the developing and mature
phases of El Niño, which cause the downwellingRossbywave.
The Rossby wave propagates to the SWIO where the thermo-
cline is shallow and the Rossby wave is responsible for the
SST rising there (Xie et al. 2002). After the warming of SWIO,
the SST anomalies there excite an equatorially antisymmetry
pattern of wind anomalies as a key to the IOBM persisting into
summer by reducing the prevailing southwest monsoon during
spring and so as to the latent heat flux (Du et al. 2009).

Recently, a new type of El Niño event has been reported
(literature). Comparing to canonical El Niño, the new type of
El Niño is characterized by warming in the central equatorial
Pacific and cooling in two sides — called El Niño Modoki.
Previous studies have examined the SST variability in the TIO
associated with canonical El Niño and El Niño Modoki
(Ashok et al. 2007; Chowdary and Gnanaseelan 2007; Wu
et al. 2012; Chakravorty et al. 2013), but very few studies
examined the difference between the influences of two types
of El Niño on the Indian Ocean SST. Besides, a better under-
standing of the influences of two types of El Niño on the
Indian Ocean is important for the prediction of the Indian
Ocean SST anomalies and the associated climate anomalies.
Therefore, two questions arise: one is what are the different
influences of two types of El Niño on the Indian Ocean SST?
The other is what mechanisms cause the differences?

The rest of the article is organized as follows. Section 2
describes the model, data and methods. Section 3 describes the
SSTanomaly pattern of canonical El Niño and El NiñoModoki,
and compares the different influences of two types of El Niños
on the Indian Ocean based on observations. Section 4 investi-
gates the possible mechanisms for the influences of two types of
El Niños on the Indian Ocean by using a Linear Baroclinic
Model (LBM). Section 5 presents a summary and discussions.

2 Model, data and methods

2.1 Model

The LBM described by Watanabe and Kimoto (2000) is used.
It is a global, time-dependent, primitive-equation model,

linearized about the observed climatology derived from the
National Centers for Environmental Prediction/National
Center for Atmospheric Research (NCEP–NCAR) reanalysis
for 1958–97. Its resolution is T21 in the horizontal and 20
sigma levels in the vertical. The model employs diffusion
(horizontal and vertical), Rayleigh friction, and Newtonian
damping. The latter two terms have a time scale of (1 day)−1

for σ ≥0.9 and σ ≤0.03, while (30 day)−1 is used elsewhere. In
this study, we use the dry version of the LBM forced by
diabatic heating anomalies, which should be proportional to
the observed precipitation anomalies. The horizontal shape of
the heating is elliptical and the heating is imposed on winter
(December, January, February [DJF]) mean state (from the
NCEP–NCAR reanalysis). The vertical heating profile is
gamma with a maximum heating at σ =0.45.

2.2 Data and analysis methods

In this study, the SST used here is from the Hadley Centre Sea
ICE and Sea Surface Temperature dataset (HadISST; Rayner
et al. 2003). It has a 1°×1° horizontal resolution and covers
the period from January 1870 to the present. Atmospheric
circulationmonthly data are from the NCEP/NCAR reanalysis
product (Kalnay et al. 1996). This dataset has a 2.5°×2.5°
horizontal resolution and extends from 1,000 to 10 hPa with
17 pressure levels in vertical. We also utilize the sea surface
height (SSH) data derived from the Simple Ocean Data
Assimilation (SODA) product for the period January 1958
through December 2008 on a 0.5°×0.5° grid (Carton et al.
2005; Carton and Giese 2008). The data in the present analysis
cover the period January 1951 to December 2010 except for
the SODA data that span the period from January 1958
through December 2008. The monthly mean climatology is
first calculated for the study period. Then, interannual anom-
alies are computed as the departure from this climatology. And
the linear trend has been removed from all the data.

Hereafter, any month in the El Niño onset year is
identified by suffix (0), whereas any month in the El
Niño decay year is identified by suffix (1). The IOBM
index is defined as SST anomalies averaged over the TIO
(40°–110°E, 20°S–20°N). The Niño3 index is defined as
SST anomalies averaged over the eastern equatorial Pacific
(5°S–5°N, 150°–90°W). And EMI index is defined as
EMI=[SSTa]A−0.5×[SSTa]B−0.5×[SSTa]C, where sub-
script A, B and C represent the area-averaged SST anom-
alies in region A (165°E–140°W, 10°S–10°N), B (110°W–
70°W, 15°S–5°N) and C (125°E–145°E, 10°S–20°N), re-
spectively (Ashok et al. 2007). We also use the statistical
methods such as empirical orthogonal function (EOF) anal-
ysis and correlation analysis. The significance levels for
correlation analysis are evaluated with the standard two-
tailed Student's t -test.

476 W. Tao et al.



3 Different influences of two types of El Niños
on the Indian Ocean

3.1 The leading two modes of tropical Pacific SST variability

The leading two EOFmodes of seasonal mean SSTanomalies
in the tropical Pacific region (20°S–20°N, 110°E–80°W) dur-
ing winter (DJF) are showed in Fig. 1. These two modes
contribute to 66.2 % and 9.4 % of total SST variance for the
period 1951 to 2010, respectively. The first EOF pattern
(Fig. 1a) is the canonical El Niño pattern (Rasmusson and
Carpenter 1982), and the second (Fig. 1b) shows the El Niño
Modoki, resembling the results of Ashok et al. (2007). The
variances explained by the first two EOF patterns are well
separated according to North et al. (1982), so it is convincible
that EOF1 and EOF2 represent different modes of tropical
Pacific SST variability. The time series of principal compo-
nents (PCs) corresponding to EOF1 and EOF2 are presented
in Fig. 1c and d. The correlation coefficients between PC1 and
Niño3 index, PC2 and EMI are very high, reaching 0.99 and
0.74, respectively. This indicates that EOF1 and EOF2 well
represent canonical El Niño and El Niño Modoki, respective-
ly. For convenience, we define PC1 as the canonical El Niño
index, and PC2 as the El Niño Modoki index.

3.2 The correlation of two types of El Niños with the Indian
Ocean

3.2.1 Characteristics of two types of El Niño

In order to better understand the relationship of two types of El
Niños with the Indian Ocean SST variations, we calculated the
correlation of various variables with PCs. Figure 2 presents the
correlation of SSTanomalies with PCs fromwinter to summer.
There is a substantial difference between the canonical El Niño

(Fig. 2a–c) and El NiñoModoki (Fig. 2d–f). Firstly, anomalous
SST distribution shows the different characteristics between
the canonical El Niño and El Niño Modoki in the equatorial
Pacific region. Secondly, the obvious IOBM follows the ca-
nonical El Niño, while insignificant SST anomalies are found
in the Indian Ocean after El Niño Modoki. Thirdly, the inten-
sity of El NiñoModoki is slightly weaker than that of canonical
El Niño, as is shown in Fig. 1a and b.

Anomalous Walker circulation responses display distinct
features when two types of El Niño occur (Fig. 3). The struc-
ture of vertical circulations during DJF (0) and MAM (March,
April, May) (1) is clear, while the structure during JJA (June,
July, August) (1) cannot be clearly distinguished. In the Pacific
region, typical anomalous Walker circulations are observed
during canonical El Niño with updraft over the central-
eastern Pacific and downdraft over the western Pacific
(Fig. 3a, b). The anomalous Walker circulations also show a
single cell pattern during El Niño Modoki; however, there is
updraft over the central Pacific and downdraft over the eastern
Pacific (Fig. 3d, e). Moreover, the downdraft over the western
Pacific is not clear comparing with the Fig. 7 of Weng et al.
(2009), which may be due to the different El Niño Modoki
indexes and statistical analysis methods. The biggest differ-
ences in two types of El Niños are in the position of updraft and
downdraft over the Pacific Ocean. Additionally, over the
Indian Ocean region, there are downdraft over the eastern
Indian Ocean and updraft over the western Indian Ocean
during canonical El Niño (Fig. 3a, b), while the overall weak
updraft over the Indian Ocean during El Niño Modoki
(Fig. 3d–f). These vertical motion differences can be linked
to SST anomalies in the different domain of the equatorial
Pacific through the Walker circulation. In turn, they lead to
different net surface heat flux variations and then different SST
variations over the remote ocean (Lau 1997; Goddard and
Graham 1999; Chiang et al. 2000; Chiang and Sobel 2002).

Fig. 1 The top two EOFmodes (upper panels, a and b) and corresponding principal components (bottom panels, c and d) for the tropical Pacific SSTa
(1951–2010) during boreal winter (DJF)
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3.2.2 TT mechanism

Free atmosphere of the tropical eastern Pacific warms with the
SST increase, and this is to be followed by consistent warming
throughout the tropical regions around the world in the fol-
lowing 1–2 months (Charney 1963; Wallace 1992; Sobel and
Bretherton 2000). Atmospheric wave is the most effective
way to spread the warm anomalies in free atmosphere (Su
et al. 2003), so TT mechanism is proposed afterward (Chiang
and Sobel 2002).

Chiang and Sobel (2002) indicate that the TTmechanism is
more or less theWalker circulation mechanism, just posed in a
different way from the "atmospheric bridge" mechanism.
Figure 4 presents lead–lag correlation of mean 1,000–
200 hPa TT with PC1. During the canonical El Niño, persis-
tent warming in the east Pacific, through convection and moist
adjustment, heats the whole tropospheric column there, and
forms the Matsuno–Gill pattern (Matsuno 1966; Gill 1980) in
TT. As time goes on, the warm pattern develops and extends
to the east by forcing the Kelvin wave eastward and affects the
climate of other remote regions. Figure 5 shows the same
correlation, except for PC2. A huge difference exists between
the TT responses to the canonical El Niño and the El Niño
Modoki. During the El Niño Modoki, both the strength and
range of the TT anomalies are weaker and less obvious than

those during the canonical El Niño. In addition to the small
range of weak TT anomalies over the central Pacific, there are
no apparent TT anomalies in other regions of the world, so
there are no obvious Kelvin wave characteristics.

Overall, during the canonical El Niño, there exist TT anom-
alies over the global tropical strip, so the TT mechanism works
and it is also one of the crucial factors for the responses of SST
anomalies in the Indian Ocean. In comparison, during the El
Niño Modoki, there do not exist apparent TT anomalies, so no
obvious impact can be detected on the Indian Ocean.
Conspicuously, TT anomalies are caused by abnormal SST in
the tropical Pacific, and they depend upon whether the anom-
alous SST pattern is that of canonical El Niño or El Niño
Modoki. In addition, the location and intensity of SST anoma-
lies are different in two types of El Niños, and El Niño Modoki
has cold SST anomalies in the eastern Pacific. Therefore, we
may ask if the location and intensity of SST anomalies or cold
SST anomalies in the eastern Pacific influence the formation of
TT anomalies, then influence the climate of the Indian Ocean.
We will use LBM to discuss these topics in Section 4.

3.2.3 Ocean dynamics

TT mechanism is on the view of atmosphere affecting ocean,
but in some regions of the ocean, oceanic processes play an

Fig. 2 Correlation of SST anomalies with PC1 during DJF (0), MAM (1), JJA (1) (left panels, a–c), and the same with PC2 (right panels, d–f). Dots
indicate that significant level reaches 95 %
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important role in the development of SST anomalies.
Klein et al. (1999) reported the absence of positive net
surface heat flux anomalies in the tropical SWIO near
Madagascar, suggesting that ocean dynamics is impor-
tant there. Thereafter, Xie et al. (2002) posed that there
was a westward-propagating downwelling Rossby wave
in the SWIO forced by the anomalous easterlies in the
equatorial Indian Ocean, which induces positive SST
anomalies there. This is another crucial factor for the
IOBM, so it is necessary to compare the differences
between the oceanic processes of two types of El Niños.

Figure 6 shows the lead–lag correlation of SSH (averaged
in 5°S–5°N) with PC1 and PC2 as a function of longitude and
calendar month. An equatorial Kelvin wave propagates slowly
all the way to the east in the Pacific. This Kelvin wave is in
favor of the development of El Niño that reaches its peak
around winter (DJF). After the mature phase of El Niño,
another Rossby wave caused by El Niño propagates westward
to the SWIO where the mean thermocline is shallow. The
Rossby wave deepens thermocline, and raises SST there.
After the warming of SWIO, the SST anomalies there excite

an equatorially antisymmetry pattern of wind anomalies
(Fig. 7a). The wind anomalies reduce the prevailing southwest
monsoon during spring and so as to the latent heat flux. As a
result, the Indian Ocean basin-wide warming sustains and can
even persist into summer (Fig. 7a). Compared with the canon-
ical El Niño, however, no significant wave propagation exists
in the Indian Ocean (Fig. 8b). Consequently, no obvious wind
anomalies or SST anomalies appear in the Indian Ocean after
El Niño Modoki (Fig. 7b).

As mentioned above, during El Niño Modoki, neither
the TT mechanism nor ocean dynamics exist in the Indian
Ocean. However, ocean dynamics are extremely compli-
cated, containing a variety of linear and nonlinear process-
es. Thus, it is difficult to explain the absent oceanic
processes in the Indian Ocean without using the sophisti-
cated coupled models. In contrast, the TT mechanism is
forced by the abnormal heat source over the ocean region.
It is convenient to verify the observations and test the
possible mechanism using the simple model. Therefore,
we pay more attention on the question why El Niño
Modoki does not generate TT mechanism.

Fig. 3 Correlation of u , w
anomalies with PC1 during DJF
(0), MAM (1), JJA (1) (left
panels, a–c), and the same
with PC2 (right panels , d–f).
Shadings indicate significant
level reaches 95 %
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4 Solutions to the dry LBM

The LBM solutions provide a straightforward view of the
basic dynamics. We use this model to illustrate how the
location and intensity of SST anomalies or cold SST anoma-
lies in the eastern Pacific influence the formation of TT
anomalies. Moreover, the observed anomalous precipitation
patterns during two types of El Niños (Ashok et al. 2007;
Weng et al. 2009) are similar to the anomalous SST pattern.
Therefore, it is reasonable to use the dry version of the LBM
forced by the idealized diabatic heating here.

4.1 The experimental design

Figure 8a, b and c shows the three column integrated heating
profiles that are used to force the dry version of the LBM. To
represent the heating anomalies of canonical El Niño, we put
the idealized diabatic heating in the tropical eastern Pacific
(center at 0° and 135°W). The zonal and meridional extent of
heating anomalies are 55° and 10°, respectively (Fig. 8a). To

represent the heating anomalies only in the tropical central
Pacific, we put the center of the idealized diabatic heating at 0°
and 170°W. The zonal and meridional extent of heating
anomalies are 30° and 10°, respectively (Fig. 8b). To represent
the heating anomalies of El Niño Modoki, we not only im-
posed the heating anomalies in the tropical central Pacific as
before, but also imposed another diabatic heating in the trop-
ical eastern Pacific, centered near 0° and 105°W, with the
zonal and meridional extent of heating anomalies of 25° and
10°, respectively (Fig. 8c). The LBM is integrated for 50 days.
The response reaches the equilibrium after 15 days, so we
analyze the last 30 days.

4.2 Result

The responses of TT anomalies to the heating (Fig. 8a–c) are
shown in Fig. 8d–f. In the canonical El Niño forcing scenario
(Fig. 8d), the significant TT anomalies are over the global
tropical strip, consistent with the observation in Fig. 4. This
illustrates that heating in the tropical eastern Pacific affects

Fig. 4 Lead–lag correlation of mean 1,000–200 hPa tropospheric temperature (TT) with PC1. The number above each panel indicates the lead or lag in
months: 4 implies TT leads PC1 4 months, 2 implies TT leads PC1 2 months, and so on
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remote regions through the TT mechanism. In the tropical
central Pacific forcing scenario (Fig. 8e), there also exist TT
anomalies over the global tropical strip, but the intensity of the
TT anomalies is weaker. One factor for the different response
of TT anomalies is the strength of heating. Obviously, the

central intensity of heating in Fig. 8a and b are the same, but
the range of heating is bigger in Fig. 8a than in Fig. 8b. For El
NiñoModoki forcing scenario (Fig. 8f), almost no obvious TT
anomalies appear. The only difference between the heating of
Fig. 8b and c is the negative heating anomalies in the tropical

Fig. 5 Same as Fig 6, but for PC2

Fig. 6 Lead–lag correlation of SSH, averaged in 5°S–5°N, with a PC1 and b PC2 as a function of longitude and calendar month. Shadings indicate the
correlation coefficient is greater than 0.6. Shadings indicate that significant level reaches 95 %
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eastern Pacific. Compared to the positive heating anomalies in
the central Pacific, the negative heating anomalies have an
opposite effect on the TT anomalies. So the TT anomalies
caused by positive heating are offset by negative heating. Wu
et al. (2010) also proposed that the TT anomalies rely on the
SST anomalies in other regions, and negative SST anomalies
in the tropical Atlantic Ocean may cancel the TT increase
induced by positive SST anomalies in the equatorial Pacific.

The response of vertical motion to the heating (Fig. 8a–c) is
shown in Fig. 8g–i. There are strong updrafts over the eastern

and central Pacific (Fig. 8g and h), respectively. Accordingly,
there are downdrafts in the Indian Ocean, although they are
very weak. However, when a single cell exists in the central
and eastern Pacific (Fig. 8i), there is no obvious vertical
motion over the Indian Ocean, indicating that the negative
heating anomalies have an opposite effect. We also note that
the vertical structure of Fig. 8g and i is similar to that of Fig. 3a
and d, respectively. As a result, the negative heating anoma-
lies, or the cold SST anomalies in the eastern Pacific are the
reason why the TT mechanism does not work in El Niño

Fig. 7 Correlation of SST anomalies (contour) and 850 hPa wind anomalies (vector), averaged in 40°E–100°E, with a PC1 and b PC2 as a function of
latitude and calendar month

Fig. 8 Vertical column-integrated diabatic heating anomalies (K day−1) imposed for a the canonical El Niño, b the tropical central Pacific and c El Niño
Modoki. d , e , f The TT anomalies response to the heating in a , b , c , respectively. g , h and i are same as d , e and f , but for u , w wind anomalies
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Modoki. Therefore, we initially conclude that the presence of
SSTanomalies in the eastern Pacific is an important reason for
the differences of the Indian Ocean SST variations in two
types of El Niño.

5 Summary and discussion

Based on the results of statistical analysis, we have compared
the characteristics of two types of El Niños and their effect on
the Indian Ocean, as well as the mechanism of their effect on
the Indian Ocean.

The leading two EOF modes of SST anomalies in the
tropical Pacific during winter (DJF) represent the canonical
El Niño pattern and El Niño Modoki pattern, respectively. For
the canonical El Niño, the SST anomaly pattern shows a
"negative–positive" zonal dipole structure in the tropical
Pacific. For the El Niño Modoki, the SST anomaly pattern
shows a "negative–positive–negative" zonal tripole structure.
And the correlation coefficients between PC1 and Nino3, PC2
and EMI are very high, reaching 0.99 and 0.74, respectively.

There exists obvious IOBM after canonical El Niño, while
the SST change is insignificant after El Niño Modoki.
Moreover, the strength of El Niño Modoki is slightly weaker
than that of the canonical El Niño. The vertical motion also
shows a huge difference between the two types of El Niño
over the Indian Ocean. During canonical El Niño, there is
downdraft over the eastern Indian Ocean and updraft over the
western Indian Ocean, while the updraft over the Indian
Ocean is weak during El Niño Modoki.

On the view of the atmosphere affecting ocean, we can use
the TT mechanism to explain the different influences on the
Indian Ocean. During the canonical El Niño, there is a
Matsuno–Gill pattern (Matsuno 1966; Gill 1980) in TT. This
warm pattern develops and extends to the east by forcing the
Kelvin wave eastward, as proposed by Chiang and Sobel
(2002). However, both the strength and range of the TT
anomalies are weaker and less obvious in the El Niño
Modoki. Moreover, there are no obvious Kelvin wave
characteristics.

On the view of internal oceanic processes, after the mature
phase of El Niño, we can see that the El Niño-induced Rossby
wave propagates westward to the SWIO and induces SST
anomalies there. However, during the El Niño Modoki, there
is no significant wave propagation in the Indian Ocean.
Consequently, no SST anomalies appear there after El Niño
Modoki.

However, ocean dynamics contain a variety of linear and
nonlinear processes. It is difficult to explain the absent oceanic
processes in the Indian Ocean without using the sophisticated
coupled models. In contrast, the TT mechanism is forced by
the abnormal heat source over the ocean region. It is conve-
nient to verify the observations and test the possible

mechanism using the simple model. Therefore, we pay more
attention on the question why El Niño Modoki does not
generate TT mechanism. Results of an LBM with imposed
heating demonstrate that the strength of SST anomalies and
cold SSTanomalies in the eastern Pacific have an influence on
TT anomalies. In particular, the cold SST anomalies have an
effect on TTanomalies opposite to the warm SSTanomalies in
the central Pacific. This suggests that the anomalous SST
pattern in the tropical Pacific is most important for the TT
mechanism in two types of El Niños.

This study focused on the different influences of two types
of El Niños on the Indian Ocean SST. On one hand, El Niño
Modoki has a different structure and strength of SST anoma-
lies from canonical El Niño. On the other hand, relative to
canonical El Niño, the TTmechanism does not work and there
is no oceanic process during El Niño Modoki. However,
IOBM is partly caused by net surface heat flux, which, in
turn, is related to cloud/precipitation/wind changes (Klein
et al. 1999). And we note that the TT mechanism can only
explain the general temperature structure change, but it does
not directly relate to cloud/precipitation/wind changes. More
relevant is the cloud/precipitation/wind changes that contrib-
ute to surface heat fluxes. Therefore, identification of the
different impacts on the Indian Ocean SST changes between
two types of El Niños calls for more detailed research on
cloud/precipitation/wind changes over the Indian Ocean, and
further studies should focus on these aspects as well as the
absent oceanic processes by sophisticated models.
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