
1.  Introduction
El Niño–Southern Oscillation (ENSO) is a large-scale air–sea interaction phenomenon, which is characterized 
by sea surface temperature (SST) anomalies (SSTAs) over the tropical central-eastern Pacific, accompanied by 
surface pressure oscillation between the tropical eastern Pacific and the western Pacific (Bjerknes, 1969). As the 
strongest interannual variability signal in the global climate system, ENSO exerted substantial impacts on the 
weather and climate over the surrounding areas and even across the globe through oceanic processes and atmos-
pheric teleconnections (Alexander et al., 2002; McPhaden et al., 2006; Trenberth, 1997; B. Wang et al., 2000). A 
substantial body of work had been conducted for comprehensive understandings of the formation of ENSO events 
(Bjerknes, 1969; Jin, 1997; Schopf & Suarez, 1988; C. Z. Wang, 2001; Weisberg & Wang, 1997; Wyrtki, 1985). 
Overall, factors originated in the tropical Pacific could serve as triggers for the occurrence of ENSO events, 
which mainly include the sustained tropical western Pacific westerly wind bursts (Eisenman et al., 2005; Fedorov 
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et al., 2015; Lian et al., 2014; McPhaden, 1999), the intensity of tropical Pacific trade winds (Guilyardi, 2006), 
the zonal-averaged thermocline depth (Latif et al., 1993), and the zonal SST gradient (Knutson et al., 1997).

Numerous remote climate systems could also stimulate ENSO events through modulating the surface westerly 
wind bursts in the tropical western Pacific. For example, Wu and Meng (1998) found that the zonal monsoon 
circulation over the equatorial Indian Ocean and the Walker circulation over the equatorial Pacific were closely 
coupled. When one moved clockwise and the other moved anticlockwise, this pattern was referred to as the 
“gearing between the Indian and Pacific oceans (GIP)”. They also pointed that when the GIP was in the negative 
rotation, the Asian summer monsoon circulation and Walker circulation were weakened, and surface westerly 
wind bursts occurred in the tropical western Pacific, which was in favor of the occurrence of El Niño events 
in winter. Moreover, the winter North Pacific Oscillation could also modulate the occurrence of ENSO events 
through influencing the surface westerly wind bursts over the tropical western Pacific. This process was named 
as the seasonal footprinting mechanism (SFM; Vimont et al., 2001, 2003).

The Tibetan Plateau (TP) acts as an elevated, huge, and intense heat source over the subtropical central-east-
ern Eurasian continent, which could regulate the tropical atmospheric and oceanic systems through the uplift 
and thermal forcing (Duan & Wu, 2005; Liu et al., 2007, 2020; Sun et al., 2019; B. Wang et al., 2008; Wen 
et al., 2020; Wu et al., 1997, 2007). Wen et al. (2020) revealed that without the TP, the tropical Pacific trade winds 
would weaken, the mixed layer would become shallow, and the El Niño–like SST would occur more frequently. 
Previous studies had shown that the upper-level warming over the TP in summer could induce the Asian–Pacific 
Oscillation atmospheric teleconnection, which could affect the appearance of La Niña events via modulating the 
intensity of the Pacific subtropical high (Nan et al., 2009; P. Zhao et al., 2007). In addition to these limited studies, 
how TP thermal forcing affects ENSO events still warrant further investigation.

Surface sensible heating (SH) is the most dominant source of diabatic heating during spring over the TP (Duan 
& Wu, 2008; Y. Zhao et al., 2018). It exerted substantial impacts on the onset and intensity of the Asian summer 
monsoon via its air pump effect (Wu et al., 1997, 2007), and on the downstream North Pacific by triggering 
Rossby waves (Sun et al., 2019). However, it is still unclear whether the spring SH over the TP can affect the 
ENSO events in subsequent winter. In previous study, we showed that the first and second leading empirical 
orthogonal function (EOF) modes of spring SH over the TP were separately characterized by a uniform mode 
and a south–north dipole mode on the interannual timescale, which were closely related to the simultaneous TP 
surface wind speed (SWS) (Yu et al., 2021). In this paper, we would provide sufficient evidences to reveal that 
the south–north dipole mode of spring SWS over the TP could serve as a trigger for the subsequent winter ENSO 
events based on observations and numerical simulations. This study might be beneficial for improving the predic-
tion skill of wintertime ENSO events.

2.  Data and Model
2.1.  Data

The monthly mean heat fluxes and circulation data are provided by the Modern-Era Retrospective Analysis for 
Research and Applications version 2 (MERRA-2, 0.625° × 0.5°, Gelaro et al., 2017). The monthly mean precip-
itation data are derived from the Global Precipitation Climatology Project version 2.3 (GPCP2.3, 2.5° × 2.5°, 
Adler et al., 2003). The monthly mean SST data from the Hadley Centre Sea Ice and SST Data Set version 1 
(HadISST1, 1° × 1°, Rayner et al., 2003) and the monthly mean potential temperature from Global Ocean Data 
Assimilation System (GODAS, 1/3° × 1°, Behringer & Xue, 2004) are also employed.

All the above datasets cover the period from 1980 to 2014. This study focuses on the interannual timescale. The 
linear trends of all the monthly mean variables are removed, and then the 2–9-year bandpass Lanczos filter are 
conducted on the detrended variables to extract the interannual components (Duchon, 1979). The four seasons 
are spring (March–May, MAM), summer (June–August, JJA), autumn (September–November, SON), and winter 
(December–February, DJF). The wave activity flux is employed to diagnose the propagation of Rossby waves 
(Takaya & Nakamura, 2001). The Niño3.4 index (area-averaged SSTAs over 5°S–5°N, 170°–120°W) is utilized 
to represent the intensity of ENSO events. The statistical significance of the correlation and regression coeffi-
cients are estimated based on the two-tailed Student's t-test.
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2.2.  Model

The Flexible Global Ocean–Atmosphere–Land System Model, finite volume version 2 (FGOALS-f2) is employed 
in this study, which is developed by the State Key Laboratory of Numerical Modeling for Atmospheric Sciences 
and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, 
China (Bao et al., 2013, 2019). The horizontal resolution of the ocean, land, and atmosphere is about 1° × 1°. 
The FGOALS-f2 participated in the Coupled Model Intercomparison Project Phase 6 (CMIP6, B. He, Bao, 
et al., 2019). It showed good performance in representing the characteristics of ENSO, the propagation of the 
Madden–Julian Oscillation, and precipitation over the TP and East Asia (Bao et al., 2013, 2019; S. C. He, Yang, 
et al., 2019; Li et al., 2019).

2.3.  Numerical Experiments Design

Two experiments are designed in this study. The control run (CTRL) is a freely coupled ocean–atmosphere–land 
general circulation model experiment, which integrates for 100 years, and only the last 20 years are analyzed. 
The sensitivity experiments include 20 members, which integrate from 21 April to 31 December with the same 
temperature anomalies forcing (hereafter referred to as TP–T). The initial fields in 20 members of TP–T experi-
ments are taken from every 21 April of the last 20 years in the CTRL experiment. Each TP–T experiment is forced 
by the linearly decreasing temperature anomalies from 21 April (0°C) to 30 April (minimum value), and retains 
its minimum value during 1–31 May. The horizonal distribution of the temperature anomalies linearly decrease 
from the outermost ellipse (0°C) to its center (28°N, 68°E) (Figure 2f). The vertical distribution of the center is 
the negative temperature anomalies with two cold centers (−3°C) at the surface and 325 hPa (Figure S8a in the 
Supporting Information S1), which is similar to the distribution in Figure 2e. The difference between ensemble 
means of TP–T and CTRL is evaluated.

3.  Results
3.1.  Connections Between Spring SWS Over the TP and ENSO on the Interannual Timescale

According to the bulk aerodynamic formula (Duan & Wu, 2008), the SH is largely determined by the SWS and 
the surface land–air temperature difference (Ts–Ta). On the interannual timescale, the Ts–Ta is less important 
than the SWS to the variation of spring SH over the TP (Duan & Wu, 2008; Yu et al., 2018). Here we investigate 
the first two leading EOF modes of interannual SWS and SH over the main body of TP and their corresponding 
time series (SWSPC1, SWSPC2, SHPC1, SHPC2, Figures 1 and S1 in the Supporting Information S1). This 
main body of TP is defined as regions with altitude higher than 2,000 m, which has been widely adopted in 
many previous researches (Duan & Wu, 2008; Sun et al., 2019). The spatial patterns of the EOF1 of both SWS 
and SH are uniform over the TP (Figures S1e and S1a in the Supporting Information S1), and their time series 
are highly correlated (r = 0.68, p < 0.01). The EOF2 of these two variables show south–north dipole patterns 
(Figures 1a and S1c in the Supporting Information S1) and the correlation coefficient between SWSPC2 and 
SHPC2 is 0.35 (p < 0.05). Previously, we found that the variation of SH was not consistent among station data, 
MERRA-2, JRA-55, and ERA-Interim reanalysis data, while the variation of SWS was consistent among them 
(Yu et al., 2021). For above reasons, the SWS is employed as a good proxy for the SH over the TP in this study.

The spring SWSPC1 shows a weak positive relationship with the preceding winter Niño3.4 index (r = 0.25, 
p > 0.1) and a weak negative relationship with the subsequent winter Niño3.4 index (r = −0.24, p > 0.1) (Figure 
S2 in the Supporting Information S1). Since the EOF2 of SWS shows a south–north dipole pattern, an index (SWS 
dipole (SWSD)) is defined as the difference of averaged SWS between the south box and north box (Figure 1a), 
which is highly connected with SWSPC2 (r = 0.94, p < 0.01, Figure 1b). The spring SWSD shows insignificant 
relationship with the preceding winter Niño3.4 index (r = −0.27, p > 0.1, Figure S3a in the Supporting Informa-
tion S1), but exhibits remarkably positive correlations with subsequent autumn (r = 0.41, p < 0.05, Figure 1c) and 
winter Niño3.4 index (r = 0.46, p < 0.01, Figure 1d). That is, the relationship between EOF1 of spring SWS and 
ENSO is insignificant, while the EOF2 of spring SWS is closely connected to the following ENSO. The spring 
SWSD accounts for about 21% variance of the succeeding winter ENSO variability. In this paper, we are trying 
to point out that the spring SWS dipole mode over the TP is an important but not the only factor for inducing the 
subsequent winter ENSO events.
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Figure 1.
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The composite difference fields of the SST and SWS from March to December between nine strong positive 
SWSD years (1982, 1986, 1989, 1992, 1997, 2005, 2009, 2012, and 2014) and eight strong negative SWSD 
years (1980, 1984, 1988, 1990, 2002, 2006, 2007, and 2010) based on the ±0.7 standard deviations are provided 
(Figures 1e, 1f, and S4 in the Supporting Information S1). It is evident that weak negative SSTAs appear over 
the equatorial central-eastern Pacific in March, and transit to the weak positive SSTAs in April (Figures S4a 
and S4b in the Supporting Information S1). It is in May the positive SSTAs become significant when intensive 
surface westerly wind anomalies appear over the tropical western Pacific (Figures 1e and S4c in the Supporting 
Information S1). Due to the Bjerknes positive feedback (Bjerknes, 1969), the positive SSTAs and surface westerly 
wind anomalies would be further strengthened. Thus, May is the key month in the process of how SWS dipole 
mode influences El Niño events. This conclusion is consistent when the criterions are ±0.8 and ±1.0 standard 
deviations of SWSD.

The surface westerly wind anomalies over the tropical western Pacific in May stimulate the eastward-propagating 
Kelvin waves, which deepen the thermocline depth of the equatorial central-eastern Pacific, suppress the ocean 
upwelling, and then increase the SST in situ (Figures 1g and S5 in the Supporting Information S1). Furthermore, 
the surface westerly wind anomalies over the tropical western Pacific in May transport warm SST and abun-
dant warm and humid flow from the tropical western Pacific to the central-eastern Pacific through the eastward 
of sea surface currents, which contribute to the occurrence of low-level convergences and deep convections 
over the central-eastern Pacific (Figures 1i and S6 in the Supporting Information S1). Thus, a typical opposite 
Walker circulation prevails in the tropical Pacific, which is characterized by ascending motions in the tropical 
central-eastern Pacific and descending motions in the western Pacific (Figures 1i and S6 in the Supporting Infor-
mation S1). This typical atmospheric circulation is conducive to the further strengthening of the surface westerly 
wind anomalies over the tropical western Pacific, resulting in the occurrence of El Niño events in the subsequent 
winter via the Bjerknes positive feedback (Figures 1f, 1h, 1j, and S4–S6 in the Supporting Information S1).

In a word, the composite differences between strong positive and negative SWSD years reveal that intensive 
surface westerly wind anomalies occur over the tropical western Pacific in May, which would stimulate the subse-
quent winter El Niño events. However, how do the surface westerly wind anomalies in May arise? This process 
is further investigated.

3.2.  Features of Spring SWS Dipole Mode Over the TP

First of all, we present the local features of atmospheric circulations associated with SWS diploe mode in May. 
The composite differences show that the southwesterly wind anomalies prevail over the southern TP with easterly 
wind anomalies occupying the western and northern part (Figure 2a). Correspondingly, the positive SH anom-
alies dominate the southern part, and negative SH anomalies occupy the western and northern TP (Figure 2a). 
The SWS dipole mode over the TP is closely connected with anomalous cyclone at 500 hPa (Figure 2c), which 
is a part of the baroclinic structure with anomalous low-level anticyclones and mid–high-level cyclones over the 
western TP (Figure 2b). In previous study, we revealed that the winter–spring North Atlantic tripole SSTAs could 
trigger the downstream-propagating Rossby waves, and further induce the spring baroclinic structure over the 
western TP (Yu et al., 2021).

On the southeastern flank of the cyclones, the southwesterly flows (700–500 hPa) carry abundant water vapors 
from the Arabian Sea, which ascend along the slope of the southwestern TP and result in convergences and ascend-
ing movements in situ (Figures S7a and S7b in the Supporting Information S1). Subsequently, positive precip-
itation anomalies appear over the western TP (Figure 2d), leading to the decrease of Ts and Ts–Ta (Figure S7c  

Figure 1.  (a) The spatial pattern of the second empirical orthogonal function mode of spring SWS over the Tibetan Plateau above 2,000 m. The value in the upper right 
is the explained variance. (b) Time series of the normalized surface wind speed dipole (SWSD) (red solid curve) and SWSPC2 (blue solid curve). The solid horizontal 
lines represent ±0.7 standard deviations. Correlation patterns between the following autumn sea surface temperature (SST) (c), the following winter SST (d), and spring 
SWSD. Composite differences between strong positive and negative SWSD years. SST (shading, °C) and surface wind (vectors, m s −1) in May (e) and December (f). 
Vertical cross-section of ocean potential temperature (°C) averaged between 5°S and 5°N in May (g) and December (h). The green and black solid lines represent the 
anomalous and climatological thermocline depth, respectively. Vertical cross-section of zonal circulation (vectors, m s −1; vertical speed is scaled by 200 to facilitate 
visualization) and vertical velocity (0.005 Pa s −1) are averaged between 5°S and 5°N in May (i) and December (j). The stippled areas in (c) and (d) denote values 
exceeding the 95% confidence level. The stippled areas in (e–h), the shading in (i and j), the red vectors in (e and f), and the black vectors in (i and j) denote values 
exceeding the 90% confidence level.
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in the Supporting Information S1). Based on the bulk aerodynamic formula, the SH would further decrease over 
the western TP. The negative SH anomalies can also induce the baroclinic structure with anomalous low-level 
anticyclones and mid–high-level cyclones according to the thermal adapted theory (Wu & Liu, 2000). That is, 
there exists a positive feedback between the negative SH anomalies and the baroclinic structure over the western 
TP, which is called a “negative SH–baraclinic structure” (Yu et al., 2021).

We further examine the air temperature (T) features corresponding to the “negative SH–baraclinic structure”. 
Based on the static equilibrium (��′∕��∝� ′ ), the vertical variation of the geopotential height (Φ) anomalies 
are positively related to the T anomalies (L. Wang et al., 2017). The baroclinic structure over the western TP is 
characterized by low-level positive Φ anomalies and mid–high-level negative Φ anomalies. Thus, the vertical 

Figure 2.  Composite differences between strong positive and negative surface wind speed dipole years in May. (a) Surface 
sensible heating (shading, W m −2) and surface wind (vectors, m s −1). (b) Vertical cross-section of geopotential height (gpm) 
averaged between 30° and 35°N. (c) 500 hPa geopotential height (shading, gpm) and wind (vectors, m s −1). (d) Precipitation 
(mm d −1). (e) Vertical cross-section of air temperature (°C) averaged between 30° and 35°N. (f) 300 hPa air temperature (°C). 
The stippled areas in (a and b), and (d–f), the shading in (c), and the black vectors in (a and c) denote values exceeding the 
95% confidence level.
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T anomalies are negative with two cold centers at the near surface and around 300  hPa in situ, respectively 
(Figure 2e). In horizonal direction, the high-level cold center is also located over the western TP (Figure 2f). The 
sensitivity experiments are forced by the three-dimensional T anomalies in May. Detailed designs of experiments 
are given in Section 2.3.

3.3.  Underlying Physical Mechanisms of How Spring SWS Dipole Mode Over the TP Affects the 
Subsequent Winter ENSO Events

Firstly, we explore the underlying physical mechanisms of how the positive SWS dipole mode over the TP affects 
the surface westerly wind anomalies over the tropical western Pacific in May. In the observations, accompanying 
with the “negative SH–baroclinic structure”, low pressure anomalies at high level occupy the western TP–India 
regions, which can induce the southwesterly wind anomalies over the tropical western Indian Ocean via the pres-
sure gradient force (Figure 3a). The tropical westerly wind anomalies over the Indian Ocean gradually decrease 
from the west to the east, then the high-level horizontal convergences and descending motions appear over the 
Maritime Continent (Figures 3a and 3c). Thus, the surface westerly wind anomalies prevail over the tropical 
western Pacific owing to the low-level divergences (Figure 3c). These anomalous circulations in the equatorial 
Indian Ocean and western Pacific show the opposite direction to the climatology circulations in May (Figure 
S9 in the Supporting Information S1), but bear strong resemblance to the negative rotation of the GIP (Meng 
& Wu, 2000; Wu & Meng, 1998). Therefore, the high-level westerly wind anomalies over the equatorial Indian 
Ocean can induce the surface westerly wind anomalies over the equatorial western Pacific via the negative rota-
tion of the GIP.

Figure 3.  Composite differences between strong positive and negative surface wind speed dipole years in May. (a) 200 hPa 
wind (vectors, m s −1) and its divergence (shading, 10 −6 s −1). (c) 850 hPa wind (vectors, m s −1) and 500 hPa vertical velocity 
(0.01 Pa s −1). (b and d) Same as (a and c), respectively, but for differences between TP–T and control run ensemble means in 
May. The shading and the red vectors in (a–d) denote values exceeding the 90% confidence level.
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In numerical experiments, the baroclinic structure with low-level anomalous anticyclones and high-level anoma-
lous cyclones over the western TP–Indian Ocean are well reproduced (Figures 3b and 3d). The anomalous west-
erly winds appear over the equatorial Indian Ocean at a high level. Based on the GIP theory, descending motions 
and low-level divergences appear over the Maritime Continent, and then the anomalous surface westerly winds 
develop in the equatorial western Pacific. The intensity of this GIP process is close to that in the observations.

In addition, the “negative SH–baroclinic structure” over the western TP can stimulate downstream-propagating 
Rossby waves from the western TP to the central North Pacific both in the observations and numerical exper-
iments (Figures  4a, 4b, and S8b in the Supporting Information  S1). The Rossby waves result in the equiva-
lent barotropic low pressure anomalies over the central North Pacific (Figures 4a–4d). Then surface anomalous 
cyclonic circulation appears in the central North Pacific, accompanied by southwesterly wind anomalies to its 
southeast, which is marked “A” in the observations (Figure 4c) and “B” in the experiments (Figure 4d). The 
southwesterly wind anomalies weaken the Pacific northeast trade winds. According to the wind–evaporation–
SST feedback (Xie & Philander, 1994), the weakened northeast trade winds weaken the evaporation, which would 
further reduce the heat flux from the ocean to the atmosphere. Thus, the downward latent heat and net heat flux 
increase (Figures 4g–4j), and positive SSTAs appear in region A (B) in the observations (experiments) during 
May (Figures 4c and 4d). As the anomalous cyclone over the central North Pacific exists only in May and June, 
the positive SSTAs in region A (region B) in the observations (experiments) are also significant in May and June 
(Figures 4e and 4f). This positive SSTAs in the observations are stronger and farther north than that in the experi-
ments. Furthermore, this positive SSTAs over the subtropical Pacific force the atmospheric circulation and induce 
the surface westerly wind anomalies over the equatorial western Pacific through the so–called SFM process both 
in the observations and the experiments (Figures 4c–4f) (Vimont et al., 2001, 2003). Finally, the El Niño events 
occur in the subsequent winter via the Bjerknes positive feedback both in the observations and the experiments 
(Figures S4 and S10 in the Supporting Information S1).

In the experiments, the intensity of May GIP process is comparable with that in the observations (Figure 3), but 
the intensity of May SFM process is weaker than that in the observations (Figure 4). And the May surface west-
erly wind anomalies over the equatorial western Pacific induced by these two processes are comparable between 
the observations and the experiments. Thus, we infer that the GIP process may be more important than the SFM 
process for the intensification of surface westerly wind anomalies in May.

4.  Conclusions and Further Discussion
4.1.  Conclusions

The potential impacts of the south–north dipole modes of spring SH and SWS over the TP on the subsequent 
winter ENSO events are explored in this study. During the positive phase of spring SWS dipole mode over the 
TP, easterly (southwesterly) wind anomalies and negative (positive) SH anomalies appear over the western and 
northern (southern) TP. The effect of the SWS is amplified due to the local positive feedback between SH, 
precipitation, and circulation over the western TP during May, which forms a “negative SH–baroclinic structure”.

Accompanying with the “negative SH–baroclinic structure”, anomalous high-level low pressures over the western 
TP–India could cause westerly wind anomalies over the equatorial Indian Ocean, which result in convergences 
over the Maritime Continent. Thus, the surface westerly wind anomalies occur in the tropical western Pacific 
via the GIP process. In addition, the “negative SH–baroclinic structure” stimulates the downstream-propagating 
Rossby waves to the central North Pacific, leading to the anomalous surface cyclone in situ. This anomalous 
surface cyclone induces southwesterly wind anomalies over its southeast, which weakens the northeast trade 
winds and warms the local SST via wind–evaporation–SST feedback. Then this positive SSTAs induce surface 
westerly wind anomalies over the tropical western Pacific via the SFM process, which may be less important than 
the GIP process. The surface westerly wind anomalies over the tropical western Pacific induced by the GIP and 
SFM processes trigger eastward-propagating Kelvin waves, resulting in deepened thermocline depth and positive 
SSTAs over the equatorial central-eastern Pacific. Subsequently, the surface westerly wind anomalies and posi-
tive SSTAs further develop via the Bjerknes positive feedback, and El Niño events occur in the following winter. 
These physical processes are well captured in the numerical sensitivity experiments, although the simulated El 
Niño events are slightly weaker.
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Figure 4.  Composite differences between strong positive and negative surface wind speed dipole years. (a) 200 hPa geopotential height (shading, gpm) and stationary 
wave activity flux (vectors, m 2 s −2) in May. Sea surface temperature (shading, °C) and surface wind (vectors, m s −1) in May (c) and June (e). (g) Downward latent heat 
(W m −2). (i) Downward net heat flux (W m −2). (b, d, f, h, and j) Same as (a, c, e, g, and i), respectively, but for differences between TP–T and control run ensemble 
means. The stippled areas in (a–j) and the red vectors in (c–f) denote values exceeding the 90% confidence level.
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4.2.  Further Discussion

The conclusions are reached in the composite difference between the positive and negative phases of the SWS 
dipole mode. Whether the negative phase of spring SWS dipole mode could also stimulate the La Niña events 
is further discussed. During the negative phase of spring SWS dipole mode over the TP, there is positive SH 
anomalies (Figure S11a in the Supporting Information S1), negative precipitation anomalies (Figure S11d in the 
Supporting Information S1), high pressure anomalies at mid–high level and low pressure anomalies at low level 
over the western TP in May (Figures S11b and S11c in the Supporting Information S1). This “positive SH–baro-
clinic structure” can induce the surface easterly anomalies over the tropical western Pacific in May (Figure S12c 
in the Supporting Information S1). Thus, the significant negative SSTAs appear over the tropical central-eastern 
Pacific since May, and the La Niña events appear in the following winter (Figure S12 in the Supporting Informa-
tion S1). Besides, the strength of La Niña events induced by the negative phase of SWS dipole mode (Figure S12 
in the Supporting Information S1) is weaker than the El Niño events induced by the positive phase of SWS dipole 
mode (Figure S13 in the Supporting Information S1).

According to the Niño3 index and El Niño Modoki index (the two indices are often selected to represent the East-
ern-Pacific ENSO and Central-Pacific ENSO, respectively, Ashok et al., 2007), we find that the Eastern-Pacific 
ENSO would occur more frequently with the spring SWS dipole mode forcing over the TP than the Central-Pa-
cific ENSO in observations and numerical experiments (Figures S4 and S10 in the Supporting Information S1).

Although the impact of preceding winter ENSO events on the spring thermal anomalies over the TP is insignif-
icantly in terms of the statistical relationship, there indeed exists some years that the spring thermal anomalies 
over the TP are closely related to the preceding winter ENSO events. There are asymmetric relationships between 
preceding winter ENSO and spring SWSD, and between spring SWSD and succeeding winter ENSO, which need 
a further study. Moreover, in nine positive SWSD years, there are five succeeding winter El Niño events, among 
which only one El Niño event corresponds to a La Niña event in the preceding winter. In eight negative SWSD 
years, there are four succeeding winter La Niña events, among which three preceding winters are El Niño events. 
How the preceding winter ENSO events modulate the spring thermal forcing over the TP and further affect the 
succeeding winter ENSO events? This issue still warrants a further investigation.

Recently, the three-ocean interactions have gain popularities in the field of meteorology, which is benificial 
for an in-depth underatanding of climate change over the global region (C. Z. Wang, 2019). The spring SWS 
dipole mode over the TP and preceding winter–spring North Atlantic tripole SSTAs are significantly connected 
(Figure S14 in the Supporting Information S1). The correlation coefficient between the winter–spring North 
Atlantic tripole SSTAs index (defined by Yu et al., 2021) and subsequent winter Niño3.4 index is significant 
(0.34, p < 0.05). However, after removing the spring SWS dipole mode effect, the partial correlation coefficient 
is insignificant (0.1, p > 0.1). Thus, the spring SWS dipole mode might provide an intermediate bridge effect in 
linking the North Atlantic tripole SSTAs and ENSO events, which should be further investigated in later studies.

Data Availability Statement
The MERRA-2 reanalysis data is downloaded from https://gmao.gsfc.nasa.gov/GMAO_products/reanaly-
sis_products.php. The GPCP precipitation data is downloaded from https://www.esrl.noaa.gov/psd/data/grid-
ded/data.gpcp.html. The HadISST1 data is obtained from https://www.metoffice.gov.uk/hadobs/hadisst/. The 
GODAS data is obtained from http://www.esrl.noaa.gov/psd/data/gridded/data.godas.html. The model data is 
available at https://doi.org/10.5281/zenodo.6084926.
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