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  Abstract         Lag correlations between sea surface temperature anomalies (SSTA) in the southeastern tropical 
Indian Ocean (STIO) in fall and Niño 3.4 SSTA in the eastern equatorial Pacifi c in the following fall are 
subjected to decadal variation, with positive correlations during some decades and negative correlations 
during others. Negative correlations are smaller and of shorter duration than positive correlations. Variations 
in lag correlations suggest that the use of the Indian Ocean Dipole (IOD) as a predictor of the El Niño-
Southern Oscillation (ENSO) at a lead time of one year is not effective during some decades. In this study, 
lag correlations between IOD and ENSO anomalies were analyzed to investigate why the IOD-ENSO 
teleconnection disappears during decades with negative correlations. Anomalies induced by the IOD in the 
equatorial Pacifi c Ocean during decades with negative correlations are still present, but at a greater depth 
than in decades with positive correlations, resulting in a lack of response to oceanic channel dynamics in 
the cold tongue SSTA. Lag correlations between oceanic anomalies in the west Pacifi c warm pool in fall 
and the equatorial Pacifi c cold tongue with a one-year time lag are signifi cantly positive during decades 
with negative correlations. These results suggest that oceanic channel dynamics are overwhelmed by ocean-
atmosphere coupling over the equatorial Pacifi c Ocean during decades with negative correlations. Therefore, 
the Indonesian throughfl ow is not effective as a link between IOD signals and the equatorial Pacifi c ENSO. 

  Keyword :   Indian Ocean Dipole (IOD); El Niño-Southern Oscillation (ENSO); oceanic channel; 
teleconnection 

 1 INTRODUCTION 

 The El Niño-Southern Oscillation (ENSO) is the 
strongest ocean-atmosphere coupled mode on 
interannual time scales in the tropical Pacifi c Ocean. 
The Indian Ocean Dipole (IOD) is a zonal dipole 
mode that refers to anomalous cooling in the 
southeastern tropical Indian Ocean (STIO) and 
associated anomalous warming in the central and 
western equatorial Indian Ocean (Saji et al., 1999; 
Webster et al., 1999). A numbers of studies have 
suggested that ENSO events have signifi cant impacts 
on Indian Ocean variability (Klein et al., 1999; 
Alexander et al., 2002; Lau and Nath, 2003; Cai et al., 
2005; Behera et al., 2006; Du et al., 2009). Studies 
have also suggested that IOD events can affect 
tropical Pacifi c sea surface temperature anomalies 

(SSTA) (Wu and Kirtman, 2004; Annamalai et al., 
2005; Xie et al., 2009; Luo et al., 2010; Okomura and 
Deser, 2010). The mechanisms of IOD forcing on the 
equatorial Pacifi c have been attributed to the 
atmospheric bridge process through the Walker 
circulation (Ohba et al., 2010; Kug and Ham, 2012; 
Santoso et al., 2012), and/or to the oceanic channel 
dynamics through the Indonesian throughfl ow (ITF) 
(Yuan et al., 2011, 2013).  

 Recent studies have suggested that the IOD index 
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could provide improved prediction of the ENSO 
beyond the spring predictability barrier (Dominiak 
and Terray, 2005; Izumo et al., 2010, 2013; Yuan et 
al., 2013). The dynamics responsible for the enhanced 
predictability have been attributed to the atmospheric 
bridge (Izumo et al., 2010). Increased convection in 
the eastern Indian Ocean induces a speed-up of the 
Walker circulation to generate easterly wind anomalies 
over the Pacifi c during the boreal fall of negative IOD 
periods. The ensuing advective-refl ective processes 
are responsible for a change in the ENSO cycle in the 
following year. Consequently, a positive IOD often 
precedes La Niña, whereas a negative IOD precedes 
El Niño (Izumo et al., 2010). 

 Based on controlled numerical experiments, Yuan 
et al. (2011) argued that IOD-forced ITF anomalies 
enhance the transport of warm water from the upper 
equatorial Pacifi c Ocean to the Indian Ocean. The 
enhanced transport leads to thermocline elevations 
that generate an upwelling Kelvin wave, which 
propagates to the eastern equatorial Pacifi c Ocean 
favoring anomalous cooling in the Pacifi c cold tongue 
with a one-year time lag. This oceanic channel 
dynamic has been supported by lag correlation analysis 
of observational data (Yuan et al., 2013). The results 
have shown signifi cant correlations between STIO 
SSTA or sea surface height anomalies (SSHA) in fall 
and SSTA, SSHA, and subsurface temperature 
anomalies in the central and eastern equatorial Pacifi c 
Ocean with a one-year time lag. Conversely, lag 
correlations between surface zonal wind anomalies 
(SZWA) in the far western equatorial Pacifi c in fall 
and SZWA, SSTA, and SSHA with a one-year time lag 
are insignifi cant. Therefore, oceanic channel dynamics, 
rather than atmospheric bridge processes, are the 
dominant mechanism for the enhanced predictability 
of the IOD-forced ENSO (Yuan et al., 2013). 

 The lag correlation analysis by Yuan et al. (2013) 
was limited by the short time series of the in situ and 
satellite observations since the 1990s. However, many 
studies have suggested a decadal variability of ENSO 
(Gershunov and Barnett, 1998; Wang and Picaut, 
2004; An et al., 2005; Leloup et al., 2007) and/or IOD 
(Ashok et al., 2004; Abram et al., 2008; Ummenhofer 
et al., 2011) characteristics, as well as their interactions 
(Yuan and Li, 2008; Xie et al., 2010; Huang et al., 
2010; Chowdary et al., 2012; Tao et al., 2014). The 
lag correlation between STIO SSTA in fall and Niño 
3.4 SSTA in the following fall has been shown to be 
subjected to decadal variations in both observations 
and in historical simulations of the coupled climate 

models of the phase fi ve Coupled Model 
Intercomparison Project (CMIP5) (Xu et al., 2013, 
manuscript). The results have also suggested that the 
oceanic channel dynamics of the IOD-forced ENSO 
are robust during positive phases (positive lag 
correlations between STIO SSTA in fall and Niño 3.4 
SSTA in the following fall) in observations and in the 
CMIP5 climate coupled models. In this paper, we 
focus on the IOD-ENSO lag teleconnection during 
negative phases (negative lag correlations between 
STIO SSTA in fall and Niño 3.4 SSTA in the following 
fall) using observational SST data and Simple Ocean 
Data Assimilation (SODA) data to identify differences 
in the teleconnection between negative and positive 
phases. 

 The remainder of the paper is organized as follows. 
The next section introduces the data and methodology. 
In Section 3, the lag correlation between the IOD and 
ENSO during negative phases in SODA and related 
oceanic channel dynamics are described. A summary 
and conclusions are presented in Section 4. 

 2 DATA AND METHOD 
 2.1 Data description 

 The observational SST data used in this study are 
the Hadley Center sea ice and SST dataset (HadISST 
1.1), the extended reconstruction of global SST dataset 
(ERSST V3b), and the Kaplan SST (Version 2.0) 
dataset. The HadISST covers the period from 1871 to 
the present with a resolution of 1°×1° based on in situ 
and satellite observations (Rayner et al., 2003). The 
ERSST is gridded from in situ SST data through 
empirical orthogonal function (EOF) projection, 
which allows stable reconstruction from sparse data. 
The dataset covers the period from January 1854 to the 
present on a 2°×2° horizontal grid (Smith et al., 2008). 
The Kaplan SST anomalies are derived from the 
United Kingdom Meteorology Offi ce SST data using 
sophisticated statistical techniques to fi ll in the missing 
data (Kaplan et al., 1998). The dataset is stored on a 
5°×5° grid and consists of monthly mean anomalies 
from 1856 to the present.  

 Version 2.2.4 of the SODA dataset is used to 
provide long time series of oceanic variables absent in 
the observational data. The SODA system is based on 
the Parallel Ocean Program model with an average 
resolution of 0.25°×0.4° at 40 vertical levels and 
covers the period of 1871–2010. The observational 
data in the SODA include virtually all available 
hydrographic profi les, ocean station data, moored 
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temperature and salinity time series, surface 
temperature and salinity, and nighttime infrared 
satellite SST data. The monthly mean output is 
remapped on a 0.5°×0.5° horizontal grid at 40 vertical 
levels (Carton and Giese, 2008). 

 2.2 Index defi nitions and statistical analysis 

 The Niño 3.4 index is defi ned as the average SSTA 
in the area of the equatorial central and eastern Pacifi c 
(5°S–5°N, 170°–120°W). The Dipole Mode Index 
(DMI) is calculated as the difference in SSTA between 
the western (10  S–10  N, 50°–70°E) and southeastern 
tropical Indian Ocean (10°S–0  , 90°–110°E) (Saji et 
al., 1999). The far western equatorial Pacifi c SZWA is 
averaged over 5°S–5°N, 130°–150°E.  

 The boreal seasons are defi ned as spring (March–
May), summer (June–August), fall (September–
November), and winter (December to the following 
February). Lag correlations are calculated using 
seasonal averaged anomalies. Student’s  t -test is used 
to evaluate the 95% signifi cance level. Throughout 
this paper, the IOD year is referred to as Year 1, and 
the following year is referred to as Year 2. 

 3 IOD-ENSO TELECONNECTION DURING 
NEGATIVE PHASES IN THE SODA 

 3.1 Decadal variability of the IOD-ENSO 
teleconnection 

 The running mean lag correlation between the 
DMI in fall and the Niño 3.4 SSTA in the following 
fall, with a running window of 11 years, shows 
decadal variability in the SODA (solid thick line in 
Fig.1a), which is similar in the HadISST, ERSST, and 
Kaplan SST datasets (thin lines in Fig.1a). The 
hypothesis is that IOD-forced ENSO through oceanic 
channel dynamics (i.e., ITF variability) is started 
from the STIO (Yuan et al., 2011, 2013). Therefore, 
we use the running mean lag correlation between the 
STIO SSTA in fall and the Niño 3.4 SSTA in the 
following fall to identify the decadal variability of the 
IOD-ENSO teleconnection with a one-year time lag 
(Fig.1b). The results show that the running mean lag 
correlation of STIO SSTA suggests similar decadal 
variability in comparison with the DMI (Fig.1a, b). 
This decadal variability is supported by the 11-year 
running lag correlation of the SODA SSHA between 
the STIO and the central-eastern Pacifi c (Fig.1c). The 
results suggest that the lag correlation between the 
STIO SSHA in fall and the Niño 3.4 SSHA in the 
following fall has been predominately positive in 

most periods over the past century. The typical periods 
of variability of SSTA and SSHA lag correlations are 
about 16–18 years (Fig.1d–f). Throughout this paper, 
we refer to decades with a positive 11-year running 
lag correlation as positive phases, and decades with a 
negative correlation as negative phases. The positive 
phases are 1881–1889, 1898–1908, 1918–1929, 
1948–1969, 1977–1985, and 1988–2010. The 
negative phases are 1871–1880, 1890–1897, 1909–
1917, 1930–1947, and 1970–1976. It should be noted 
that the running lag correlation values in Fig.1a are 
barely signifi cant because of the short time window. 
Nevertheless, the lag correlation for each positive 
phase, identifi ed by the running lag correlation, is 
above the 95% signifi cance level. To clarify why the 
IOD-ENSO teleconnection with a one-year time lag 
disappears during negative phases, we reconstructed 
a positive and a negative case that consists of each 
positive and negative period, respectively. The lag 
correlations between the STIO or the western 
equatorial Pacifi c anomalies and the tropical Indo-
Pacifi c anomalies in the following sections are 
calculated based on the reconstructed positive and 
negative time series. It should also be noted that lag 
correlations with different running windows (11 
years, 13 years, and 17 years) suggest similar positive 
or negative phase decades (fi gures omitted), 
confi rming that lag correlation analysis in the negative 
phase decades is robust. 

 Lag correlation analysis during positive phases 
(right panels in Figs.3–5) shows that positive 
correlations above the 95% signifi cance level move 
eastward from the STIO to the equatorial central and 
eastern Pacifi c cold tongue, which is consistent with 
the observations of Yuan et al. (2013). These results 
show that the oceanic channel dynamic, i.e., the ITF 
variability, plays an important role in connecting IOD 
forcing with the equatorial Pacifi c Ocean during 
positive phases. In the next section, we focus only on 
lag correlations during negative phases.  

 3.2 Oceanic channel dynamics 

 There are six typical El Niño (1877–78, 1896–97, 
1911–12, 1913–14, 1930–31, 1972–73) and fi ve La 
Niña events (1897–98, 1909–10, 1916–17, 1933–34, 
1973–74), and nine typical positive IOD (1875–76, 
1877–78, 1891–92, 1913–14, 1935–36, 1940–41, 
1945–46, 1972–73) and nine negative IOD (1892–93, 
1893–94, 1909–10, 1910–11, 1916–17, 1933–34, 
1938–39, 1947–48, 1975–76) events in the negative 
phases identifi ed by the SODA dataset. The Niño 3.4 
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index and DMI in the SODA during negative phases 
are shown in Fig.2a and b, respectively. The ENSO 
events peak in the boreal winter (December to the 
following February), with maximum absolute values 
of about 3°C (Fig.2a). The IOD events are much 
weaker than the ENSO events, and peak in the boreal 
fall (September–November) with a maximum 
anomaly of only about 1°C (Fig.2b). Power spectrum 

analysis of the Niño 3.4 index and the DMI suggests 
a typical period for the ENSO cycle of 3–5 years 
(Fig.2c) and a quasi-biennial cycle for the IOD 
(Fig.2d). Regression analysis shows positive 
coeffi cients above the 95% signifi cance level in the 
western tropical Indian Ocean and eastern equatorial 
Pacifi c Ocean, but negative coeffi cients above the 
95% signifi cance level in the STIO and western 
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 Fig.1 Decadal variability of the IOD-ENSO lag teleconnection 
 a. lag correlation between the DMI (the DMI has been multiplied by -1) in fall and the Niño 3.4 SSTA in the following fall with a running window of 11 
years in observations; b. lag correlation between the STIO SSTA in fall and the Niño 3.4 SSTA in the following fall with a running window of 11 years 
in observations; c. l lag correlation between the SSTA (shading) or SSHA (solid line) in the STIO in fall and the Niño 3.4 area in the following fall with a 
running window of 11 years in the SODA. Power spectrum analysis of running mean lag correlation between (d) the DMI in fall and the Niño 3.4 SSTA in 
the following fall in the SODA; e. the STIO SSTA in fall and the Niño 3.4 SSTA in the following fall in the SODA; f. the STIO SSHA in fall and the Niño 
3.4 SSHA in the following fall in the SODA. The shading in (a) and (b) indicates averages of the four datasets. The horizontal axes in (a) and (b) show the 
central date of the running window.  
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equatorial Pacifi c Ocean. This suggests the same 
typical IOD- and ENSO-type teleconnection exists 
over the tropical Indo-Pacifi c Oceans during the 
negative phase as in the positive phase (Fig.2e).  

 Lag correlations between the STIO SSTA in fall 
and the tropical Indo-Pacifi c SSTA in the winter of 
Year 1 show signifi cant IOD- and ENSO-type 
teleconnection, with negative correlations above the 
95% signifi cance level in the western tropical Indian 
Ocean and the eastern equatorial Pacifi c Ocean, and 
positive correlations in the western tropical Pacifi c 
Ocean (left panel of Fig.3a). The signifi cant 
correlations in the equatorial Pacifi c cold tongue 
diminish in the spring of Year 2 and do not recur 
throughout Year 2 (left panels of Fig.3b–d), suggesting 
that the IOD-induced SSTA anomalies in the STIO are 
not precursors of ENSO predictability with a one-year 

time lag during negative phases of decadal variability. 
Lag correlations during positive phases, presented in 
the right panels in Fig.3 for comparison, show 
signifi cant lag correlation in the cold tongue with a 
one-year time lag, suggesting enhanced predictability 
of ENSO provided by the IOD anomalies. 

 Lag correlations between the SSHA in the STIO in 
fall and in the tropical Indo-Pacifi c in the winter of 
Year 1 also show the same signifi cant IOD- and 
ENSO-type teleconnection during the peak of the 
events, which is in agreement with the fi ndings for the 
SSTA (left panel of Fig.4a). Positive correlations 
above the 95% signifi cance level show eastward 
movement from the STIO to the equatorial Pacifi c 
Ocean through the Indonesian seas during Year 2 
(Fig.4b–d). In the fall of Year 2, there are signifi cant 
positive correlations in the equatorial Pacifi c cold 
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 Fig.2 Characters of the IOD- and ENSO-type teleconnection 
 a. Niño 3.4 indices for each ENSO event during negative phases of the IOD-ENSO lag teleconnection; b. DMI for each IOD event during negative phases of 
the IOD-ENSO lag teleconnection. The solid (dashed) thin lines in (a) and (b) indicate El Niño (La Niña) and positive (negative) IOD events, respectively. 
The solid (dashed) thick lines in (a) and (b) are averaged from the thin lines; c. power spectrum analysis of the DMI during negative phases; d. power 
spectrum analysis of the Niño 3.4 index during negative phases. The thin lines in (c) and (d) indicate the 95% signifi cance level; e. regression coeffi cients of 
SSTA on the DMI (in the Indian Ocean) and on the Niño 3.4 index (in the Pacifi c Ocean), light and dark shades indicate the 95% signifi cance level of positive 
and negative coeffi cients, respectively. 
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tongue (Fig.4d). This process indicates that the SSHA 
in the STIO forces the ITF to transport more/less 
upper water from the Pacifi c Ocean to the Indian 
Ocean inducing thermocline anomalies in the 
equatorial western Pacifi c. The western Pacifi c 
thermocline anomalies propagate eastward as 
equatorial Kelvin waves, favoring cold tongue 
cooling/warming with a one-year time lag. This 
oceanic channel dynamic in the negative phase is as 
important as in the positive phase in connecting the 
IOD forcing on ENSO with a one-year time lag. 
However, insignifi cant lag correlations between the 
STIO SSTA in fall and the cold tongue SSTA in the 
fall of Year 2 (left panel of Fig.3d) suggest that the 
oceanic channel dynamics are not responsible for the 
equatorial Pacifi c cold tongue warming or cooling 
with a one-year time lag. 

 The signifi cant ENSO-type teleconnection in the 
winter of Year 1 is also suggested by the lag 
correlations of subsurface temperature anomalies. 
Lag correlations between the STIO SSTA in the fall of 
Year 1 and the temperature anomalies in the vertical 
section of the equatorial Pacifi c in the winter of Year 
2 show negative and positive correlations above the 
95% signifi cance level in the western and eastern 
Pacifi c, respectively. The signifi cant negative 
correlations diminish in the spring of Year 2 in the 
upper layer of the equatorial Pacifi c Ocean. The 
eastward propagation of positive correlations of 
subsurface temperature anomalies in the vertical 
section of the equatorial Pacifi c Ocean is evidenced 
by the eastward extension of the zero contours in the 
right panels of Fig.5. However, the signifi cant positive 
correlations in the subsurface of the equatorial Pacifi c 
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 Fig.3 Lag correlations between the SSTA in the STIO in fall and in the tropical Indo-Pacifi c in the following winter through 
fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlations, respectively .
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stay at much greater depths than during positive 
phases (Fig.5). In addition, the signifi cant positive 
correlations do not outcrop in the equatorial Pacifi c 
cold tongue in the summer and fall seasons of Year 2. 
These results explain the insignifi cant correlation 
between the STIO SSTA in fall and the SSTA in the 
cold tongue with a one-year time lag.  

 3.3 Role of the atmospheric bridge 

 Izumo et al. (2010) suggested that the atmospheric 
bridge plays an important role in carrying the IOD 
signal to the western equatorial Pacifi c Ocean to 
infl uence the cold tongue SSTA one year later. Based 
on lag correlation analysis, Yuan et al. (2013) argued 
that the lag correlations between the SZWA over the 
far western equatorial Pacifi c in the fall of Year 1 and 
the Indo-Pacifi c SZWA, SSTA, and SSHA in the 

equatorial Pacifi c cold tongue in fall of Year 2 are all 
insignifi cant. Therefore, the enhanced predictability 
of ENSO with a one-year time lag should not be 
attributed to the atmospheric bridge. 

 In the present study, a similar correlation analysis 
is conducted to identify any relationship between 
IOD and ENSO through the atmospheric bridge 
process during negative phases. The correlations 
between SZWA over the far western equatorial Pacifi c 
in fall and the Pacifi c SSTA/SSHA in the following 
fall show correlations above the 95% signifi cance 
level only in the west equatorial Pacifi c or off-
equatorial Pacifi c Ocean (Fig.6). These results suggest 
that atmospheric bridge processes are not responsible 
for the equatorial Pacifi c cold tongue warming/
cooling with a one-year time lag during negative 
phases because of the short lived atmospheric signals. 
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 Fig.4 Lag correlations between the SSHA in the STIO in fall and the tropical Indo-Pacifi c SSHA in the following winter 
through fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlations, respectively. 
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 3.4 Role of the west Pacifi c warm pool 

 The SSTA in the equatorial Pacifi c cold tongue in 
the fall of Year 2 do not arise from the SSTA in the 
west Pacifi c warm pool (WPWP) in fall of Year 1 
during positive phases (Yuan et al., 2013). However, 

during negative phases, the cold tongue SSTA in fall 
are closely related to WPWP SSTA in the previous 
fall. Lag correlations between the WPWP SSTA in 
fall and the Indo-Pacifi c SSTA in the winter of Year 1 
show negative correlations above the 95% signifi cance 
level in the eastern tropical Pacifi c Ocean, juxtaposing 
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 Fig.5 Lag correlations between the SSTA in the STIO in fall and the temperature anomalies along the vertical section of the 
equatorial Pacifi c in the following winter through fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlations, respectively. 
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with signifi cant positive correlations in the west and 
off-equatorial Pacifi c Ocean (Fig.7a). The signifi cant 
negative correlations diminish in spring of Year 2. 
Signifi cant positive lag correlations develop in the 

eastern and central equatorial Pacifi c Ocean in the 
summer and fall of Year 2 (Fig.7c, d), suggesting that 
the SSTA in fall of Year 2 are statistically associated 
with the WPWP SSTA in the previous fall (Fig.7d).  

30°E 60°E 90°E 120°E 150°E 180° 150°W 120°W 90°W
30°S
20°S
10°S

EQ
10°N
20°N
30°N

-0.6

-0.6-0.3
-0. 3

-0. 3

0

0

0

0
0

0

0

0

0

0

0
0

0

0.3

0.3

0.60

0

0

0

0

0

00

00

0

a

30°E 60°E 90°E 120°E 150°E 180° 150°W 120°W 90°W
30°S
20°S
10°S

EQ
10°N
20°N
30°N

-0. 6
-0. 3 -0. 3

-0. 3

-0. 3

0

0

0

0

0

0

0

0

0
0

0
0

0

0 0 0
0

0.3

0.3

0.3
0.3

0.6

0.6

0 0

0

0

0

0

0

0

0

0

0
0

0
0

0

0b

30°E 60°E 90°E 120°E 150°E 180° 150°W 120°W 90°W
30°S
20°S
10°S

EQ
10°N
20°N
30°N

-0. 3
-0. 3

-0. 3

-0.3
-0. 3

-0.30

0 0
0 0

0

0

0

0

00 0

0

0.3

0.3
0.3 0.6

0

0

0

0

0

0

00

0
c

30°E 60°E 90°E 120°E 150°E 180° 150°W 120°W 90°W
30°S
20°S
10°S

EQ
10°N
20°N
30°N

0

0

0 0 0

0

0

0

0

0
0

0

0

00

0
0.3

03

0.3

0.3

0.3

0.3 0.3

0.3

0.60
0

0
0

0

0

0
0

0

0

00

0

0

0

d

 Fig.8 Lag correlations between the SSHA in the western equatorial Pacifi c Ocean in fall and the tropical Indo-Pacifi c SSHA 
in the following winter through fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlation, respectively. 
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 Fig.7 Lag correlations between the SSTA in the western equatorial Pacifi c Ocean in fall and the tropical Indo-Pacifi c SSTA 
in the following winter through fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlations, respectively. 
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 Fig.9 Lag correlations between the SSTA in the western equatorial Pacifi c Ocean in fall and the temperature anomalies 
along the equatorial Pacifi c vertical section in the following winter through fall seasons 
 a. winter of Year 1 (December to the following February); b. spring of Year 2 (March–May); c. summer of Year 2 (June–August); d. fall of Year 2 (September–
November). The contour interval is 0.3. Light and dark shades indicate the 95% signifi cance level of positive and negative correlation, respectively. 
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 The impact of the WPWP anomalies on the 
anomalies in the central and eastern equatorial Pacifi c 
cold tongue is supported by the lag correlations 
between the WPWP SSHA in fall and the SSHA in the 
Indo-Pacifi c Oceans in the following winter through 
fall seasons. There are signifi cant IOD- and ENSO-
type teleconnections, with a negative-positive-
negative distribution of lag correlations above the 
95% signifi cance level over the Indo-Pacifi c basin in 
the winter of Year 1 (Fig.8a). Throughout spring to fall 
of Year 2, there is an eastward movement of positive 
correlations above the 95% signifi cance level from the 
western equatorial Pacifi c to the east, suggesting 
eastward propagation of equatorial Kelvin waves 
derived from the western equatorial Pacifi c (Fig.8b–d). 

 The signifi cant correlation between the WPWP 
SSTA in fall and the SSTA in the central and eastern 
equatorial Pacifi c Ocean with a one-year time lag is 
further explained by the lag correlations of subsurface 
temperature anomalies. The correlations between the 
WPWP SSTA in fall and temperature anomalies in the 
vertical section of the equatorial Pacifi c in the 
following winter are positive above the 95% 
signifi cance level in the west and negative in the east 
(Fig.9a), in agreement with the correlations of SSTA 
and SSHA. The signifi cant positive correlations 
propagate eastward in the subsurface in Year 2 
(Fig.9b–d). The signifi cant positive correlations 
surface in the equatorial Pacifi c cold tongue (Fig.9d), 
which explains the signifi cant correlations between 
the WPWP SSTA in fall and the SSTA in the cold 
tongue with a one-year time lag.  

 The above analysis suggests signifi cant 
teleconnection between the WPWP and the equatorial 
Pacifi c cold tongue with a one-year time lag during 
negative phases. However, this teleconnection during 
positive phases was not signifi cant, because the 
correlations between the WPWP SSTA/SSHA in fall 
and the cold tongue SSTA/SSHA in the following fall 
were not signifi cant (Yuan et al., 2013). The 
teleconnection between IOD and ENSO with a one-
year time lag is probably depressed by the ENSO 
modulation in the Pacifi c Ocean during negative phases. 

 4 SUMMARY 

 Lag correlation analysis of observational data since 
1990 has shown signifi cant IOD-ENSO teleconnection 
with a one-year time lag through oceanic channel 
dynamics (Yuan et al., 2013). The IOD-ENSO 
teleconnection with a one-year time lag is subject to 
decadal variations, showing negative, albeit 

insignifi cant, lag correlations between the STIO SSTA 
in fall and SSTA in the cold tongue with a one-year 
time lag during some decades. However, lag 
correlations between the STIO SSHA in fall and the 
SSHA in the cold tongue with a one-year time lag were 
positive above the 95% signifi cance level. The lag 
correlations between the STIO SSTA in fall and the 
equatorial Pacifi c subsurface temperature anomalies 
have shown evidence of eastward propagation in the 
vertical section of the equatorial Pacifi c. However, the 
eastward propagating correlations in the subsurface 
were below the 95% signifi cance level and at much 
greater depths. These results indicate that oceanic 
channel dynamics are not able to predict cold tongue 
SSTA with a one-year time lag. 

 Signifi cant lag correlations between the SZWA 
over the far western Pacifi c in fall and the Indo-Pacifi c 
SSTA/SSHA were insignifi cant in the following fall, 
suggesting that the atmospheric signals were short 
lived and were not able to explain the negative 
teleconnection between IOD and ENSO. Conversely, 
lag correlations between the WPWP SSTA/SSHA in 
fall and the Indo-Pacifi c SSTA/SSHA in the cold 
tongue were positive above the 95% signifi cance 
level with a one-year time lag. Further investigation 
of correlations of subsurface temperature anomalies 
indicated that the anomalies in the western equatorial 
Pacifi c in the fall of Year 1 were propagating eastward 
in the subsurface in Year 2. The anomalies surfaced in 
the central and eastern equatorial Pacifi c in the fall of 
Year 2 to induce cold tongue warming/cooling. This 
process was much stronger and at a shallower depth 
than the anomalies induced by oceanic channel 
dynamics, suggesting that oceanic channel dynamics 
carrying SSTA from the STIO to the equatorial Pacifi c 
were overwhelmed by the stronger coupling processes 
related to the ENSO over the WPWP. 
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