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Abstract This study investigates that the concurrent influence of El Niño‐Southern Oscillation (ENSO) on
the Arctic Oscillation (AO) mediated through the poleward translation of extra‐tropical cyclones (ECs) over the
North Atlantic is more significant than the one‐year‐lagged impact of ENSO through poleward propagating
atmospheric angular momentum. Specific results show that during El Niño (La Niña) winter, the anomalous
atmospheric horizontal heat advection from the Pacific to the Atlantic, which is caused by the southward
(northward) displacement of the westerly jet stream, enhances (weakens) the atmospheric baroclinicity over the
subtropical North Atlantic. Subsequently, the changed baroclinicity drives intensified (reduced) baroclinic
energy conversion from the eddy available potential energy to the eddy kinetic energy, which shifts the genesis
locations of ECs southward (northward) and suppresses (enhances) their poleward translation into the Arctic.
Ultimately, through the combined thermodynamic and dynamical forcing associated with EC activity, the
negative (positive) AO pattern is generated in the concurrent winter.

Plain Language Summary El Niño‐Southern Oscillation (ENSO) exerts both concurrent and one‐
year‐lagged impacts on the Arctic Oscillation (AO). This study demonstrates that the concurrent influence of
ENSO by modulating the poleward translation of extra‐tropical cyclones (ECs) over the North Atlantic is
stronger than the one‐year‐lagged influence of ENSO by inducing poleward propagating atmospheric angular
momentum. Specific results show that the anomalous tropical Pacific sea surface temperature in El Niño (La
Niña) winter leads to the southward (northward) displacement of the westerly jet stream and its accompanying
atmospheric horizontal heat advection from the Pacific to the Atlantic. The southward (northward) shifted
horizontal heat advection enhances (weakens) the atmospheric baroclinicity over the subtropical North Atlantic.
Subsequently, the changed baroclinicity drives intensified (reduced) baroclinic energy conversion from the
eddy available potential energy to the eddy kinetic energy, whereas the conversion of barotropic energy is
negligible. The enhanced (weakened) baroclinicity shifts the genesis locations of ECs southward (northward)
and suppresses (enhances) their poleward translation into the Arctic. Ultimately, through the combined
thermodynamic and dynamical forcing associated with EC activity, the Arctic shows negative (positive) AO
pattern at the same El Niño (La Niña) winter. This study is conducive to the understanding of tropics‐Arctic
interaction.

1. Introduction
The El Niño‐Southern Oscillation (ENSO), a coupled ocean‐atmosphere phenomenon in the tropics, manifests as
anomalous sea surface temperature (SST) variability in the equatorial central‐eastern Pacific (Bjerknes, 1969).
Extensive studies have shown that ENSO modulates the global weather and climate (McPhaden et al., 2006).
ENSO can regulate extratropical temperature and precipitation anomalies in the Northern Hemisphere (NH)
through teleconnection mechanisms (Trenberth et al., 1998), with documented links to extreme weather events
(Arblaster & Alexander, 2012; Dai et al., 1997; Lu et al., 2025). Recent studies have highlighted that ENSO
variability is influenced by anthropogenic global warming (Cai et al., 2018, 2021, 2023; Chen et al., 2024; Yeh
et al., 2018). The canonical ENSO lifecycle exhibits a phase‐locking feature. ENSO typically initiates during the
boreal spring or summer, reaches its peak in winter, and gradually decays in the following spring (Neelin
et al., 2000; Rasmusson & Carpenter, 1982). ENSO events show significant internal complexity (Timmermann
et al., 2018) and diversity (Capotondi et al., 2015). Based on the diverse spatial distribution of SST anomalies,
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ENSO events can be categorized into Eastern Pacific and Central Pacific types (Ashok et al., 2007; Fu et al., 1986;
Kao & Yu, 2009). However, a pronounced asymmetry exists between El Niño and La Niña events, with La Niña
events showing weaker spatial heterogeneity compared to their warm counterparts (Kug & Ham, 2011). Further
analysis reveals the diversity of the temporal evolution patterns of ENSO events (Choi et al., 2013; Scaife
et al., 2024; Tokinaga et al., 2019), including those that only exist for a single year (individual events), those that
persist for 2 years (double events), and those that reverse their phase in the following year (opposite events). Choi
et al. (2013) found that El Niño events are more likely followed by La Niña events, whereas La Niña events show
reduced probability of transitioning to El Niño events due to their high sensitivity to external forcing. Moreover,
Tokinaga et al. (2019) identified divergent forcing effects on the North Atlantic SST between individual and
double La Niña events.

ENSO is also able to modulate the Arctic Oscillation/North Atlantic Oscillation (AO/NAO) during the concurrent
boreal winter through poleward‐propagating Rossby waves (Hoskins & Karoly, 1981; Li & Lau, 2012; Quadrelli
& Wallace, 2002; Toniazzo & Scaife, 2006). The AO, also termed the Northern Annular Mode, represents the
leading empirical orthogonal function (EOF) mode of extratropical sea level pressure (SLP) anomalies over the
NH in boreal cold season, characterized by a seesaw pattern between polar and mid‐latitude regions, constituting
the dominant variability mode of the climate in the NH (Thompson &Wallace, 1998). Spatially, the AO presents
significant zonal symmetry and equivalent barotropic vertical structures (Wallace & Thompson, 2002). While the
AO and the NAO are dynamically coupled across spatiotemporal scales (Feldstein & Franzke, 2006; Hur-
rell, 1995; Wallace, 2000), their relationship has remained debatable (Ambaum et al., 2001; Deser, 2000; Wallace
& Thompson, 2002). Wallace (2000) hypothesized that the formation of the AO is due to eddy‐mean flow in-
teractions and that the AO fundamentally reflects the mid‐latitude jet stream intensity. In addition, the AO can
respond to the occurrence of an anomalous stratospheric circulation (Baldwin & Dunkerton, 1999, 2001; Baldwin
et al., 1994), and this stratospheric precursor signal (anomalous stratospheric circulation) can be used as a pre-
dictor of the AO (Baldwin et al., 2003). A very recent study further demonstrated that ENSO can also impact the
AO/NAO variability 1 year later in boreal winter (Scaife et al., 2024) through the poleward propagation of at-
mospheric angular momentum that still persists after ENSO decay (Scaife et al., 2022).

The poleward movement of extratropical cyclones (ECs), especially those in the North Atlantic region, has been
shown to be closely related to the changes in the AO (Qian et al., 2025). However, some studies have also revealed
that ENSO can affect the atmospheric baroclinic instability in remote areas (Machado et al., 2021) and thus
regulate the generation and activity of ECs in the simultaneous winter (Eichler & Higgins, 2006; Grise
et al., 2013; Plante et al., 2015; Reboita et al., 2015; H. S. Wang &Mullens, 2024), which may be associated with
the response of the westerly jet stream to ENSO (Manney et al., 2021; Quadrelli & Wallace, 2002; Shapiro
et al., 2001; Wang et al., 2024). Schemm et al. (2018) found that the number of ECs in the Gulf Stream region
increased in warm ENSO years, and decreased in cold ENSO years, due to the synergistic effect of transient
eddies and stationary waves induced by tropical signals.

Motivated by these previous studies, it is obvious that ECs can be influenced by cold and warm ENSO events. On
the other hand, ECs over the North Atlantic are linked to the interannual variability of the AO through the
poleward translation of ECs. So, this study aims to answer the following questions: does the interannual vari-
ability of the tropical Pacific SST affect the Arctic SLP and atmospheric circulation by modulating the activity of
ECs over the North Atlantic? What is the difference in the influences on the AO between three different ENSO
types (individual, double and opposite events)? What is the relative importance of the lagged effect of ENSO on
the AO through poleward propagating atmospheric angular momentum in the previous winter versus the con-
current effect of ENSO in the same winter? Section 2 introduces the data and methods used in this study. Section 3
demonstrates the role of ECs and corresponding physical mechanism in the process of ENSO affecting the AO.
The last Section provides the summary and discussion.

2. Data and Methods
In order to obtain a sufficient number of event samples and conduct an analysis of physical mechanisms, the
reanalysis data utilized in this study is the NOAA‐CIRES‐DOE Twentieth Century Reanalysis project version 3
(20CRv3). The 20CR uses an ensemble filter data assimilation method which directly estimates the most likely
state of the global atmosphere for each 3‐hr period. These reanalyzes assimilate only surface observations of
synoptic pressure into NOAA's Global Forecast System and prescribe SST and sea ice distribution to estimate the
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atmospheric physical quantities of temperature, pressure, wind, moisture and so on (Slivinski et al., 2019). Pre-
vious studies have demonstrated that the 20CR data sets perform well in the detection of ECs over the NH (Wang
et al., 2013, 2016), as well as in the reconstruction of historical windstorms (Hawkins et al., 2023). Compared to
the older version 2c of 20CR (6‐hourly and T62 from 1,000 to 10 hPa) used in Wang et al. (2013, 2016), the
20CRv3 has more members and higher spatiotemporal resolution (3‐hourly and T254 from 1,000 to 1 hPa).
Spectral resolutions T62 and T254 represent the triangular truncation at the wave numbers 62 and 254 respec-
tively. Notably, 20CR typically only assimilate surface observations which can change significantly in time and
space over time which can induce spurious trends (Bengtsson et al., 2004). The ensemble averaged 20CRv3 data
set from 1806 to 2015 is obtained from the NOAA Physical Sciences Laboratory, with temporal resolution of 3‐
hourly, daily, and monthly and spatial resolution of 1° × 1°, whereas the 80 members of 20CRv3 data set are
downloaded from the National Energy Research Scientific Computing Center. To verify the reliability of the
20CRv3 data set, we compared ENSO and AO events (Scaife et al., 2024) identified using 20CRv3 with those
identified by the HadISST and the HadSLP2 data sets from the Met Office Hadley Center (Allan & Ansell, 2006;
Rayner et al., 2003). The leading EOF patterns of the SST over the tropical oceans (20°N− 20° S) (Figure S1 in
Supporting Information S1) and the SLP over the NH extra‐tropics (20°− 90°N) (Figure S2 in Supporting In-
formation S1) in boreal winter (DJF) are in high agreement between those produced from 20CRv3 and the data sets
from the Hadley Center. However, the spread between the 80 members of 20CRv3 is relatively large before 1870.
Hence we select the winter (DJF) periods from 1870 to 2014 for the analysis. ENSO events are identified based on
the Nino3.4 index defined as the regional averaged (5°N− 5° S; 170°− 120°W) tropical Pacific SST (Tren-
berth, 1997), the AO index is defined as the time series of the leading EOF mode of the SLP anomalies over the
domain poleward of 20°N (Thompson & Wallace, 1998), and the NAO index is defined as the time series of the
leading rotated EOFmode of the 500‐hPa geopotential height anomalies over the NH (Barnston&Livezey, 1987).
Following Scaife et al. (2024), ENSO events are defined as those in which the Nino3.4 index anomalies exceed
0.5 K and include 43 El Niño and 49 La Niña events. The data is not detrended and the anomalies are relative to the
full record. This does not affect the results as the use of composites is in terms of differences between El Niño and
La Niña events.

The detection of ECs is obtained using the automatic tracking algorithm TRACK (Hodges, 1994, 1995, 1996,
1999). The 850‐hPa relative vorticity derived from 3‐hourly wind fields is utilized to identify and track ECs as
described by Hoskins and Hodges (2002, 2005). The vorticity is first spectrally filtered to remove total wave-
numbers 0–5 and truncated to triangular truncation at 63 waves (T63) to remove the large‐scale background
circulation and small‐scale noise before identification of the ECs. Vorticity maxima are then identified in the NH
on a polar sterographic projection that exceed 1.0 × 10− 5 s− 1 and linked in time based on the minimization of a
cost function for track smoothness subject to adaptive constraints on displacement distance and track smoothness.
Following the tracking, tracks with a lifetime shorter than 1 day and a displacement less than 500 km are removed
from the track data sets. Since the ensemble mean of 20CR is not applicable for the ECs identification (Wang
et al., 2013), the analysis of ECs involved in this paper is based on the ensemble mean after tracking all 80
members separately. The density of the ECs is computed by counting the number of ECs passing through a certain
grid point. The ECs whose center positions are within 555 km (about 5° geodesic) of the grid point are considered
to pass through that grid point. The density is weighted by cos(latitude) considering the sphericity of the Earth.

The atmospheric energy conversion of the eddy kinetic energy (EKE) can be diagnosed by the following formulas
(Cai et al., 2007), namely the barotropic energy conversion (BTEC) from the mean kinetic energy (MKE) to the
EKE and the baroclinic energy conversion (BCEC) from the eddy available potential energy (EAPE) to the EKE:

BTEC =
P0

g
[
1
2
(vʹ2 − uʹ2)(

∂u
∂x
−
∂v
∂y
) + (− uʹvʹ)(∂v

∂x
+
∂u
∂y
)] (1)

BCEC = − C1(ωṕTʹ) (2)

whereC1 = (
P0
p )

Cv
Cp R

g , P0 = 1000 hPa, R is the gas constant of dry air, g is the gravitational constant,Cv andCp are

the specific heat capacity of dry air at the constant pressure and volume, respectively, ωp is the vertical velocity
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(units: Pa/s). The overbar represents the winter mean and the prime denotes the deviation from the winter mean.
The units of the energy conversion are W/m2.

The meridional temperature gradient is able to be used as an indicator of the atmospheric baroclinicity which has
been demonstrated to significantly affect the occurrence and development of the ECs (Anthes et al., 1983;
Hoskins & Valdes, 1990; Inatsu & Terakura, 2012; Roebber, 1984; Sanders & Gyakum, 1980; Yoshiike &
Kawamura, 2009; Yu et al., 2025). The tendency diagnostic equation of the meridional temperature gradient can
be obtained by taking the partial derivative of the temperature tendency diagnostic equation in the meridional
direction, and its equation is as follows:

∂
∂t
(
∂T
∂y
) = −

∂
∂y
(V · ∇T) +

∂
∂y
(ωpσ) +

∂
∂y

(
Q̇
cp
) (3)

where σ = RT
pcp
− ∂T

∂t is the static stability, Q̇ is the diabatic heating rate. The first two terms on the right‐hand side

of Equation 3 represent the effects of horizontal and vertical temperature advection respectively, whereas the last
term represents the effect of diabatic heating containing sensible, latent, and radiative heating. According to Yanai
et al. (1973), the atmospheric apparent heat source can be expressed as:

Q̇
cp
=
∂T
∂t
+ V · ∇T − ωpσ (4)

In addition, the wave activity flux (Takaya & Nakamura, 2001) and Eady growth rate (Lindzen & Farrell, 1980)
are also used for diagnostic analysis.

3. Results
Our composite results of ENSO events (El Niño minus La Niña) are consistent with those in Scaife et al. (2024).
In the concurrent winter of El Niño (La Niña) events, a negative (positive) AO pattern is induced in the Arctic
region, while in the following winter, a positive (negative) AO pattern is stimulated (Figures 1a and 1e).
Figures 1b–1d show that the corresponding negative AO phase is still exhibited in the concurrent winter in
different ENSO types (individual, double, and opposite events). The individual, double, and opposite ENSO
events comprise 16 (18), 11 (17), and 16 (14) El Niño (La Niña) events, respectively. Although the opposite
ENSO events show negative SLP anomalies in the polar regions, the difference in SLP between the mid‐latitudes
and the polar regions remains negative.

The situations in the following winter of distinct ENSO types are completely different. In the individual ENSO
events, the AO in the following winter is only affected by the poleward propagating atmospheric angular mo-
mentum induced by the ENSO event of the previous year (Figure 1f). While in the double and opposite ENSO
events, the AO in the following winter is also modulated by the ENSO in the following winter. For double ENSO
events, this counteracting effect weakens the amplitude of the AO in the following winter (Figure 1g). For
opposite ENSO events, a stronger AO pattern is induced in the following winter due to the superimposed effect
(Figure 1h). Among the three types of ENSO events, the behavior of the poleward propagating atmospheric
angular momentum is highly consistent (Figure S3 in Supporting Information S1). Therefore, in the following
winter of El Niño (La Niña) events, an AO positive (negative) phase pattern should occur in the Arctic region in
theory. However, for double ENSO events, in the following winter there is not a weakened corresponding AO
pattern but a pattern that completely transforms into a opposite AO phase forced by the ENSO events in the
following winter, indicating that the concurrent influence of ENSO on the AO is more significant than the one‐
year‐lagged influence of ENSO caused by the poleward propagating atmospheric angular momentum.

Based on the preceding analysis, we have identified that the concurrent impact of ENSO on the AO is more
significant than that with a one‐year‐lagged influence. However, previous studies have only revealed the influ-
ence of poleward propagating Rossby waves induced by ENSO on the AO in the concurrent winter. Then, what
role do the ECs play in the concurrent influence of ENSO on the AO? As shown in Figure 2, composite results of
several indices are given during ENSO events. Among the total ENSO events, the significances between the
difference in means between the number of ECs translating from the North Atlantic region to the Arctic for the
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separate El Niño and La Niña winters, as well as the AO and the NAO index, pass the Student's t‐test at 95% level
in the concurrent winter, while those in the following winter do not. This is because the AO in the following
winter is simultaneously affected by the ENSO in the previous winter and in the same winter, and these influences
may be superimposed or counteracted for the AO. Under the classification of ENSO events, due to the small
sample size, only the indices of the individual ENSO events in the concurrent winter can pass the significance test
(Scaife et al., 2024). The reason the NAO index in the following winter of the opposite ENSO events can pass the

Figure 1. The sea level pressure (units: hPa) composites of El Niño‐Southern Oscillation (ENSO) events (El Niño minus La
Niña) in the concurrent winter and in the following winter. The composites for (a) total, (b) individual, (c) double, and
(d) opposite ENSO events in the concurrent winter. (e)–(h) The same as (a)–(d), but for the results in the following winter.
The black dots denote the area with significance of 95% confidence level by student‐t test.
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significance test is that the superimposed effect of the 2 years of ENSO makes the NAO have a larger amplitude.
This result further supports that the concurrent influence of ENSO on the AO is more important.

The ENSO events can affect the AO in the concurrent winter by regulating the activity of the ECs over the North
Atlantic because the number of the ECs translating from the mid‐latitudes to the Arctic which is closely related to
the AO (Qian et al., 2025). During El Niño years, the genesis positions of the ECs in the North Atlantic are shifted
southward, and there are more ECs generated in the key response area (green box in Figure 3a), which is
consistent with the study of Schemm et al. (2018). Further analysis finds that this may be associated with the
abnormal atmospheric temperature distribution over the North Atlantic region (Figure 3b). Such a temperature
anomaly distribution leads to an abnormal meridional gradient of temperature (Figure 3c), intensifying the at-
mospheric baroclinicity in the key response area during El Niño years. The track density, temperature, and
meridional temperature gradient distributions are consistent in the composites of different ENSO types (Figure S4
in Supporting Information S1).

The MKE and EAPE are able to convert into EKE to provide the energy required for the development of the ECs.
The EKE in the key response area is mainly converted from the EAPE of the BCEC during El Niño years, while
the BTEC term from theMKE is very small (Figures 3d–3f). Under such circumstances, the translation of the ECs
toward the Arctic from the North Atlantic decreases, thus generating the SLP anomaly pattern of the AO negative
phase over the extratropics. In La Niña years, the atmospheric baroclinicity in the key response area weakens, and
the BCEC from the EAPE to the EKE decreases, resulting in the genesis position of ECs over the North Atlantic
being shifted to the north (Figure S5 in Supporting Information S1). Therefore, more ECs translate toward the
Arctic, leading to the occurrence of the AO positive phase pattern.

The temperature anomaly over the North Atlantic during ENSO events leads to the enhancement of atmospheric
baroclinicity, which in turn affects the genesis positions of the ECs over the North Atlantic and induces different
SLP anomaly patterns of the AO phase. Here, we need to answer the question is this anomalous temperature
distribution forced by the SST in the North Atlantic or caused by the changes in the atmosphere itself? The
distribution of SST anomalies is very similar to that of the atmospheric temperature (Figure 3g), and in El Niño
(La Niña) years, there are positive (negative) meridional gradient anomalies of SST in the key response area
(Figure 3h). Besides, the atmospheric baroclinicity in the north of the key response area is weakened (enhanced).
The changes in the atmospheric baroclinicity lead to the southward shift in the genesis location of cyclones during
El Niño years. However, the net heat fluxes indicate (Figure 3i) that this anomalous SST distribution is caused by
the forcing from the atmosphere above it. The meridional gradient anomalies of SST correspond to the anomalous
meridional gradient of net heat flux from the atmosphere to the ocean at the sea surface. Therefore, the atmo-
spheric temperature anomaly over the North Atlantic is not dominated by the SST in the North Atlantic.

During El Niño (La Niña) years, there is an intensification of the westerly wind anomaly south to the climato-
logical jet axis over the North Pacific. (Figure S6 in Supporting Information S1). Such an abnormal wind field will
drive abnormal atmospheric horizontal temperature advection toward the North Atlantic, so we examine each

Figure 2. The composites of standardized indices in different El Niño‐Southern Oscillation (ENSO) events (El Niño minus La Niña) for (a) the ensemble averaged
number of the extratropical cyclones translating from the North Atlantic region into the Arctic per winter, (b) the Arctic Oscillation, and (c) the NAO. The gray and black
bars represent the results in the concurrent winter and in the following winter, respectively. The top and bottom of the blue lines indicate the first quartile and third
quartile in ascending order of the results of 80 members in the 20CRv3, separately. The red stars indicate the indices with significance of 95% confidence level by
student‐t test. The x‐axis is the different types of ENSO events.
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term in the tendency diagnostic equation of meridional temperature gradient to determine the impact of the
horizontal temperature advection. The diagnostic results show that the horizontal temperature advection is the
main factor for the occurrence of the abnormal atmospheric baroclinicity over the North Atlantic in the concurrent
winter of ENSO events (Figure 3j). The impact of vertical temperature advection almost counteracts that of
diabatic heating (Figures 3k and 3l). The horizontal temperature advection driven by the anomalous westerly jet
stream over the North Pacific results in enhanced (reduced) atmospheric baroclinicity over the key response area
in the concurrent winter of El Niño (La Niña) events. The change in the atmospheric baroclinicity determines the
generation location of the ECs over the North Atlantic, thereby causing disparity in the translation of the ECs from
the North Atlantic into the polar regions, and ultimately inducing corresponding SLP anomalies pattern of the AO
phases in the concurrent winter.

Figure 3. The composites of total El Niño‐Southern Oscillation events (El Niño minus La Niña) in the concurrent winter for (a) track density (units: times/winter),
(b) temperature (units: K) and (c) meridional temperature gradient (units: K/1,000 km) at 850 hPa respectively, where the contours in (a)–(c) are corresponding
climatology. The same as (a)–(c), but for the composites of (d) the barotropic energy conversion (BTEC) from the MEK to the eddy kinetic energy (EKE), (e) the
baroclinic energy conversion (BCEC) from the eddy available potential energy to the EKE, (f) the total EKE conversion (i.e., the sum of the BTEC and the BCEC),
(g) the sea surface temperature (SST) (units: K) where the contours indicate corresponding climatology, (h) the meridional gradient of SST (units: K/100 km), and (i) the
meridional gradient of the net heat flux at the sea surface (units: W ·m− 2 · 1000 km− 1) where the negative values indicate the downward fluxes. The terms in tendency
diagnostic equation of meridional temperature gradient at 850 hPa (units: K · day− 1 · 1000 km− 1) are given in (j) horizontal advection, (k) vertical advection, and (l) diabatic
heating. The black dots denote the area with significance of 95% confidence level by student‐t test. The green boxes indicate the key response area.
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4. Summary and Discussion
This study reveals that during the three types of El Niño (La Niña) events, the Arctic region shows a significant
SLP anomaly pattern associated with the AO negative (positive) phase in the concurrent winter (DJF0). However,
the manifestations of the AO in the following winter (DJF1) are completely different. For individual El Niño (La
Niña) events, the SLP field over the extratropics in the following winter (DJF1) is only affected by the poleward
propagating atmospheric angular momentum induced by the ENSO event of the previous year (DJF0), presenting
a positive (negative) AO phase. For double and opposite ENSO events, the AO in the following winter (DJF1) is
also simultaneously affected by the ENSO events in the previous winter (DJF0) and following winter (DJF1).
Among them, for the opposite El Niño (La Niña) events, the amplitude of the AO in the following winter (DJF1) is
amplified by the ENSO event in the same winter (DJF1), showing a stronger positive (negative) AO phase.
However, for the double El Niño (La Niña) events, the Arctic region shows SLP anomalies of the AO negative
(positive) phase in the following winter (DJF0), which is dominated by the ENSO events in the same winter
(DJF1). This indicates that the concurrent influence (DJF0) of ENSO on the AO is more significant than the one‐
year‐lagged influence (DJF1) through the poleward propagating atmospheric angular momentum.

The discrepancy in the genesis locations of ECs over the North Atlantic is an important element for the occurrence
of the different AO phases in the concurrent winter of ENSO events. During El Niño (La Niña) years, the
abnormal atmospheric temperature distribution over the North Atlantic leads to the enhancement (reduction) of
atmospheric baroclinicity in the key response area, resulting in the increase (decrease) of baroclinic energy
conversion from the EAPE to the EKE, whereas the barotropic energy conversion from the MKE to the EKE is
negligible. Meanwhile, the genesis locations of ECs over the North Atlantic are shifted southward (northward),
and thus the number of ECs entering the Arctic from the North Atlantic decreases (increases). According to Qian
et al. (2025), the exchange of the ECs between the polar region and the mid‐latitudes can modulate the SLP fields
over the Arctic through thermodynamic and dynamic processes, further inducing the occurrence of negative
(positive) AO phases in the concurrent winter of ENSO events.

Further investigation demonstrates that during ENSO events, the anomalous atmospheric temperature over the
North Atlantic is not dominated by the forcing of SST in the North Atlantic, although the distribution of SST
anomaly is consistent with that of temperature anomaly in the North Atlantic region. The horizontal heat
advection driven by the anomalous westerly jet stream over the North Pacific, determines the anomalous tem-
perature distribution over the North Atlantic. The westerly wind south to the climatological jet axis over the North
Pacific intensifies in El Niño (La Niña) winter (Quadrelli & Wallace, 2002; Shapiro et al., 2001), bringing
horizontal temperature advection toward the North Atlantic. The horizontal heat advection causes the anomalous
meridional temperature gradient in the key response area, whereas the effects of vertical temperature advection
and diabatic heating on the meridional temperature gradient nearly offset each other. The changes in the
meridional temperature gradient dominates the enhancement (weakening) of the atmospheric baroclinicity in this
region.

In brief, as shown in the schematic diagram (Figure 4), the tropical warm East Pacific SST in the El Niño winter
leads to the intensification of westerly wind south to the climatological jet axis over the North Pacific which
further influences the downstream North Atlantic jet stream by the eastward propagating Rossby wave. The
southward shifted horizontal heat advection from the North Pacific to the North Atlantic caused by the southward
shifted jet stream results in the enhancement of Eady growth rate in the key response area. The enhancement of the
Eady growth rate indicates the intensification of the baroclinicity. Due to the enhanced baroclinicity in the key
response area, the genesis location of the ECs over the North Atlantic displaces southward resulting in the
decrease of the poleward translation of the ECs. Ultimately, the anomalous SLP pattern of the AO negative phase
is induced by the thermodynamic and dynamic processes associated with the ECs activities in the concurrent
winter. This physical mechanism is the opposite in La Niña events.

There are still particular differences in the SLP anomalies over the Artic region (Figure 1b–1d) in the concurrent
winter of distinct ENSO types. This is because, besides the influence of ENSO, the AO is also affected by the
stratospheric polar vortex in the Arctic (Baldwin & Dunkerton, 2001; Baldwin et al., 2003) and the atmospheric
internal variability (Thompson & Wallace, 1998) in the concurrent winter. The different downward intrusion of
the stratospheric potential vorticity may be the reason for the differences in the AO during the concurrent winter
among the different ENSO types (Figure S7 in Supporting Information S1). In subsequent studies, it is necessary
to further explore the synergy effect of ENSO and the stratospheric polar vortex on the AO. In addition, the spatial
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diversity of ENSO (e.g., Eastern Pacific and Central Pacific types) should be also considered in the research of
impact of ENSO on the AO.
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