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Abstract Since the 1970s, Atlantic Nifios during boreal summer have been linked to Pacific La Nifias the
following winter. Earlier studies have explained the appearance of the Atlantic-Pacific teleconnection with
changing Atlantic Nifio configurations. Here we find that the non-stationarity of this teleconnection can also
be explained by changes in the ocean background state, without changing the Atlantic Nifio configuration.
Experiments with different atmospheric general circulation models are performed where the same Atlantic
Nifio pattern is prescribed to different global ocean background states. The 1975-1985 global mean sea
surface temperature forces a Walker Circulation response and low-level convergence over the Maritime
Continent, increasing the chance of triggering a La Nifia-like event in the Pacific. These results suggest that
ENSO-predictions could be improved in certain periods by considering tropical Atlantic variability.

Plain Language Summary The Atlantic Nifio is the main climate variability phenomenon in the
equatorial Atlantic and has a strong influence on local and remote climate. Since the 1970s, warm Atlantic
Nifio events in June—August have been linked to cool La Nifia events developing in the equatorial Pacific the
following December—February. The appearance of this Atlantic-Pacific link has been explained by changes

in the temperature pattern of Atlantic Nifios but, so far, no study has analyzed the role of mean state changes.

In this study we demonstrate the contribution of changes in the mean background surface temperatures of the
global oceans to the appearance of this Atlantic-Pacific link. These results imply that under certain global ocean
background conditions, we should use information about the Atlantic Nifio to improve seasonal forecasts of El
Nifio and La Nifia events.

1. Introduction

Research over the last decade has revealed that there are two-way interactions between interannual variability
in the tropical basins. The El Nifio-Southern Oscillation (ENSO) influences the Indian and Atlantic Oceans,
but there is also growing evidence of impact of the Indian and Atlantic Oceans on ENSO (Cai et al., 2019). For
example, Hasan et al. (2022) argues that the strong 2021 Atlantic Nifio contributed to the 2020-2023 triple-dip
La Nifia. With this perspective, ENSO evolution depends on Pacific Ocean dynamics and trade wind anom-
alies modulated both by local stochastic processes and remotely from the Atlantic and Indian Oceans (Ding
et al., 2012; Ham et al., 2013; Polo et al., 2015; Rodriguez-Fonseca et al., 2009). However, the understanding
of such tropical basin interactions (TBI) is still incomplete (Cai et al., 2019). Furthermore, there is still no
consensus concerning the controlling factors of longer timescale variations of TBI, such as the appearance of the
Atlantic Nifio/Nifia (ANN)-ENSO connection after the 1970s (Rodriguez-Fonseca et al., 2009). Multidecadal
modulations of TBI have been suggested in which large-scale changes related to Atlantic multidecadal variability
(AMV) or the Atlantic meridional overturning circulation seem to play a role (Martin-Rey et al., 2015; Svendsen
et al., 2014; L. Wang et al., 2017); although the underlying mechanisms are still under debate. In this study, we
further analyze the role of decadal variations of the ocean mean state on TBI, specifically, the Atlantic Nifio
influence on the Pacific.

The Atlantic Nifio is the main mode of interannual sea surface temperature (SST) variability in the equatorial
Atlantic (Liibbecke et al., 2018; Zebiak, 1993). During an Atlantic Nifio (Nifia) event, the central and eastern
equatorial Atlantic warms (cools) and convection is displaced to the east (west).

Several studies have shown that an Atlantic Nifio (Nifia) in boreal summer can cause or contribute to an
opposite-signed ENSO event the following winter (Chikamoto et al., 2020; Ding et al., 2012; Dommenget
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et al., 2006; Rodriguez-Fonseca et al., 2009; C. Wang, 2006). The mechanism for the ANN-ENSO teleconnec-
tion is as follows: An Atlantic Nifio (Nifia) in boreal summer leads to anomalous upper-level divergence (conver-
gence) in the western equatorial Atlantic that reorganizes the global Walker Circulation (Chikamoto et al., 2020;
Polo et al., 2015; Rodriguez-Fonseca et al., 2009). This leads to easterly (westerly) surface wind anomalies over
the central and western equatorial Pacific, increasing the chance of easterly (westerly) wind burst which can
trigger upwelling (downwelling) equatorial Kelvin waves and the development of a La Nifia (El Nifio) in the
Pacific the following winter. The ANN-ENSO teleconnection can therefore be used to improve ENSO predictions
(e.g., Exarchou et al., 2021; Frauen & Dommenget, 2012; Keenlyside et al., 2013). Understanding when TBI are
strong will further improve the reliability of predictions within the tropics (Cai et al., 2019; Exarchou et al., 2021;
Martin-Rey et al., 2015).

The non-stationarity of the ANN-ENSO teleconnection has been explained by Atlantic Nifio configura-
tion changes (Losada & Rodriguez-Fonseca, 2016). A canonical Atlantic Nifio, dominating after the 1970s
(Figure 1c), is characterized by ENSO-like Bjerknes feedback mechanisms, while the “non-canonical” Atlantic
Nifio, dominating before the 1970s, has a dipole structure with opposite anomalies in the northeast and southwest
tropical South Atlantic (Figure 1b) similar to the South Atlantic Ocean Dipole (Nnamchi et al., 2011; Richter
et al., 2013). The change in Atlantic Nifio configuration in the 1970s led to a westward shift of the equatorial
Atlantic convection area and the equatorial Pacific response to Atlantic Nifios became significant (Losada &
Rodriguez-Fonseca, 2016).

The Atlantic Nifio configuration change has been linked to large-scale modulations such as AMYV and the Inter-
tropical Convergence Zone (ITCZ) (Losada et al., 2022; Martin-Rey et al., 2014; Rodriguez-Fonseca et al., 2019).
AMV is the leading mode of multidecadal SST variability in the Atlantic, where a positive (negative) AMV is
associated with a basin-wide warming (cooling) of the North Atlantic (Enfield et al., 2001). This is typically
also accompanied by a South Atlantic cooling (warming) and a northward (southward) shift of the ITCZ. The
strengthening of the ANN-ENSO teleconnection in the 1970s is concomitant with a positive-to-negative phase
change of the AMV (Martin-Rey et al., 2014) and a meridional shift of the ITCZ that could have modulated
the Atlantic Nifio configuration (Martin-Rey et al., 2018). However, the AMYV has changed sign since the turn
of the century while the ANN-ENSO teleconnection has persisted (Jia et al., 2019), suggesting other processes
might be responsible for the non-stationarity of the teleconnection. For example, Losada et al. (2022) showed
that an equatorward shift of the ITCZ can strengthen interannual variability over the tropical oceans and change
the Atlantic Nifio pattern with a westward extension of the SST anomalies and associated convection resem-
bling the canonical Atlantic Nifio configuration that dominated after the 1970s. This was accompanied by a
shallower Pacific thermocline making the Pacific more susceptible to wind forcing and, hence, ENSO-events
are more easily triggered, leading to a strengthening of the ANN-ENSO teleconnection (Losada et al., 2022).
Furthermore, Mohino and Losada (2015) showed that Atlantic Nifio impacts over the Indian Ocean changes due
to different locations of climatological surface convergence under different ocean backgrounds associated with
climate change projections.

While earlier studies have isolated the effect of different Atlantic Nifio configurations on the ANN-ENSO tele-
connection, no study has isolated the effect of global multidecadal background changes. Here, we hypothesize
that the non-stationarity of the ANN-ENSO teleconnection can also be related to multidecadal variability of the
global ocean background state, without changing the configuration of the Atlantic Nifio.

2. Data and Methods

To investigate how the ANN-ENSO teleconnection depends on the global background state we analyze a set of
four ensemble experiments using two atmospheric general circulation models (AGCMs): SPEEDY (Kucharski
et al., 2007) and UCLA-AGCM (Mechoso et al., 2000; Richter et al., 2008). All experiments are run for 1 year,
where SPEEDY has 50 ensemble members and UCLA-AGCM has 10 ensemble members for each experiment.
UCLA-AGCM has a 2 x 2.5° horizontal latitude-longitude resolution and 29 vertical layers. SPEEDY has a lower
horizontal resolution of approximately 3.75° and 8 vertical layers but has been shown to simulate atmospheric
circulation in the tropics reasonably well and used successfully in many climate dynamics studies, including stud-
ies on Atlantic Nifio configurations and teleconnections (e.g., Herceg-Buli¢ et al., 2017; Kucharski et al., 2009;
Kucharski et al., 2013; Losada and Rodrigues-Fonseca, 2016).
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Figure 1. (a) Twenty-year running correlation between JJA Atl3-index and DJF Nifio3-index in observations (ERSST, black line). 20-year running means of total
rainfall in mm (blue dashed line) in Nordeste Brazil (~10°S) from the CRU TS3.10 data set (Harris et al., 2014). Years on the x-axis indicate the central year of the
20-year running correlation/mean. Black circles indicate when the correlation is significant at the 5% level for the effective degrees of freedom. The black filled dots
mark the years used for the experiments. Red/blue dots mark the Atlantic Nifio/Nifia years. (b) Composite of JJA sea surface temperature (SST) for Atlantic Nifio years
minus Atlantic Nifia years in ERSST between 1930 and 1962 and (c) between 1973 and 2005. (d) Difference in JJA SST used as boundary condition of CLIM7585 and
CLIMS5060. Black dots in panels (b—d) indicate significance at the 10% level from a two-tailed r-test for the effective degrees of freedom. (e¢) Atlantic Nifio pattern in
JJA (SST) prescribed in ATL-experiments.

As boundary conditions for the experiments, we use a set of four different configurations of observed SST from
the Extended Reconstructed Sea Surface Temperature Data Set ERSST v3 (Smith et al., 2008). In the first two
experiments, CLIM5060 and CLIM7585, we prescribe monthly mean SST from two 11-year periods, 1950-1960
and 1975-1985, respectively. The periods are selected based on the 20-year running Pearson correlation between
the June—August (JJA) Atl3-index and the December—February (DJF) Nifio3-index. Seasons are chosen based
on the usual peak seasons of the Atlantic Nifio and ENSO, and the maximum correlation between the Alt3 and
Nifio3-indices occurs when the Atlantic leads by 6-8 months (Figure S1 in Supporting Information S1 and Li
et al. (2023)). The Atl3 and Nifio3-indices are defined by averaging SST anomalies in the equatorial Atlantic
(3°N=-3°S, 20°W-0) and the equatorial Pacific (5°S-5°N, 150°-90°W), respectively. The observed strength of
the ANN-ENSO teleconnection is positive during 1950-1960 and stronger and significantly negative at the 5%
level during 1975-1985 (Figure la) taking into account effective degrees of freedom to avoid autocorrelation
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(Bretherton et al., 1999; Metz, 1991; Trenberth, 1984), consistent with earlier observational studies (e.g., Ding
et al., 2012; Martin-Rey et al., 2014; Rodriguez-Fonseca et al., 2009). These correlations between equatorial
Atlantic and Pacific SSTs can also be seen in the difference between Atlantic Nifio and Nifia composites in
observed SST before (Figure 1b) and after the 1960s (Figure 1c). These two periods also coincide with a merid-
ional displacement of the Atlantic ITCZ, illustrated by decadal variational in precipitation in Nordeste Brazil
(Figure 1a). Figure 1d shows the difference in prescribed JJA SST for CLIM7585 and CLIM5060. With respect
to the first period, the second period has a colder North Atlantic and a warmer South Atlantic, Indian Ocean and
eastern tropical Pacific (Figure 1d).

The other experiments, ATL5060 and ATL7585, have the same monthly mean global SSTs prescribed as
CLIMS5060 and CLIM7585, respectively, but monthly SST anomalies of an Atlantic Nifio pattern are added to the
tropical Atlantic throughout the simulations (Figure 1e). The prescribed Atlantic Nifio is constructed using the
Atl3-index from ERSST following Losada and Rodriguez-Fonseca (2016). The Atl3-index for the period 1901—
2007 is first standardized, and an interannual filter is applied to remove piecewise linear trends (L6pez-Parages
& Rodriguez-Fonseca, 2012; Stephenson et al., 2000). Positive and negative composites are constructed using the
years where the Atl3-index is greater than or equal to one standard deviations in the JJA mean, and the sign of the
index is positive or negative, respectively, in all 3 months JJA (Figure 1a). The Atlantic Nifio pattern is defined as
the difference between the positive and negative composites (Figure 1e), but the magnitude of the Atlantic Nifio
composite anomalies is moderate. For instance, the composite anomalies are about half the size of the large 2021
Atlantic Nifio (see Figure 2j in Hasan et al., 2022). The pattern is added to the monthly background SST from
the CLIM-experiments in the Atlantic between 35°S and 5°N in both ATL-experiments. A Gaussian relaxation is
applied in the regions 10° north and south of these boundaries to avoid discontinuities in the SST boundary field.

For our analysis, we focus on boreal summer JJA because the Atlantic Nifio usually peaks and the ANN-ENSO
teleconnection is initiated in summer (e.g., Rodriguez-Fonseca et al., 2009). Two-way interactions between the
tropical Pacific and the tropical Atlantic, intrinsic interannual variability in both basins, and the fact that both
ENSO and the Atlantic Nifio usually develop in boreal late spring/summer, make it challenging to understand
the importance of the Atlantic Nifio for ENSO development and prediction. This means that an ENSO event can
be caused by an Atlantic Nifio or initiated internally in the Pacific at the same time as the Atlantic Nifio peaks.
This can cause spurious correlations between Atlantic Nifios and ENSO events (W. Zhang et al., 2020). AGCM
experiments are therefore used to isolate the Atlantic Nifio influence, eliminating internally generated ENSO
variability and feedbacks to the Atlantic (Losada et al., 2010).

Model biases are generally large in the tropical Atlantic, especially in low resolution models (Zuidema
et al., 2016). For instance, there are stronger trade winds over the Atlantic and anomalous convergence of winds
over the northeastern Brazil in both models (Figure S2 in Supporting Information S1), which could promote too
strong convection. Using AGCMs limits biases related to the zonal SST gradient and thermocline depth in the
tropical Atlantic Ocean which enhance surface wind and Walker Circulation biases through positive feedbacks
and degrade Atlantic Nifio variability and teleconnections (Richter & Tokinaga, 2020). Furthermore, the AGCM
approach using these models has been previously applied successfully to compare the atmospheric response to
the Atlantic Nifio (Losada et al., 2010), changes in its configuration (Losada & Rodriguez-Fonseca, 2016) and
different climatological background conditions (Mohino & Losada, 2015).

The atmospheric response to the imposed Atlantic Nifio can be estimated by the sum of the response to the
climatology, the response to the Atlantic Nifio, and a non-linear term due to the interaction between the Atlantic
Nifio and the climatology. This non-linear response (NLR) is the different response to the same Atlantic Nifio
given different background states and may or may not be negligible. Thus, comparing the two CLIM-experiments
isolates the atmospheric response to the climatological differences. Comparing the ATL-experiments with the
CLIM-experiments isolates the response to the Atlantic Nifio.

Since we prescribe the same Atlantic Nifio pattern in both ATL-experiments, the difference in the boundary
forcing between ATL7585 and ATL5060 is equal to the difference between CLIM7585 and CLIMS5060. For the
SST boundary forcing (F), we have

Feuivrsss — Ferimsoso = Fartizsss — FartLsoso (D

which is equivalent to
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(j-1) ATL5060-CLIM5060 and (m—o0) ATL7585-CLIM7585, and (p-r) the nonlinear response (Equation 4). Shading indicates where both single-model ensemble means

agree on sign.

Farrrsss — Ferimrsss = Fatvsoso — FeLmsoso 2)

where the subscripts indicate the experiments. If the atmospheric response (R) to the SST forcing (F) is linear,
the difference in the atmospheric response between ATL7585 and ATL5060 should be the same as the difference
between the climatological simulations CLIM7585 and CLIMS5060. If the difference in response to the same
Atlantic Nifio is only due to the difference in the climatology, then the following should also be true:

RATL7585 - RCLIM7585 = RATLS()G() - RCLIMS()6(] (3)

and any NLR is negligible. However, if the atmospheric response to the Atlantic Nifio changes with a changing
background state, we cannot ignore the NLR. The NLR is given by

NLR = (RatL7585 — RaTL5060) — (ReLmvrsss — Reumvsoso) = (Ratr7sss — Rermrsss) — (RatLsoso — Remvsoso) (4)

3. Results

In the following, we compare the four experiments by first showing the atmospheric response to the global
background changes, and then, the response to the prescribed Atlantic Nifio. Last, we consider the non-linear
interaction between the response to background changes and the Atlantic Nifio (NLR).

Figure 2 shows the multimodel ensemble mean response of low-level (925 hPa) and upper-level (200 hPa) veloc-
ity potential and vertical velocity averaged over the equatorial band (15°S—15°N). Results are shown for each
model separately in the Supplementary Information. Climatologically in JJA for CLIM5060 (and for CLIM7585,
not shown), there is strong low-level convergence (positive velocity potential) and upper-level divergence (nega-
tive velocity potential) over Asia and the tropical Northern Hemisphere and upward motion over the tropical
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Indian Ocean and South Asia associated with the Asian summer monsoon and the northward migration of the
ITCZ into the summer hemisphere. Consistently there is low-level divergence over the tropical Southern Hemi-
sphere (Figures 2a—2c). The two models used here show similar patterns, but the velocity potential maximum
and minimums are stronger in UCLA-AGCM (Figures Sla, S1b, S2a, and S2b in Supporting Information S1).

The atmospheric response to the different SST background states (Figures 2d-2f), that is, CLIM7585-CLIM5060,
shows surface divergence (Figure 2d) and subsidence (Figure 2f) over the tropical North Atlantic and eastern
tropical North Pacific and upper-level convergence (Figure 2e) over the tropical North Atlantic. The response in
the Atlantic indicates a southward shift in the ITCZ, consistent with observations (Figure 1a), and is expected
from the difference in the SST boundary conditions. There is also an eastward shift of convergence in the central
Pacific, but the response is stronger in UCLA-AGCM. The low-level divergence over the eastern Pacific extends
farther to the west in SPEEDY (Figures S3c and S3d in Supporting Information S1). The response to the different
global SST background states resembles the response given by ATL7585-ATL5060 (Figures 2g-2i), although
some differences exist suggesting a NLR.

The atmospheric response to an Atlantic Nifio with the global background SST of 1950-1960, ATL5060-CLIM5060
(Figures 2j-21), shows surface convergence over the tropical Atlantic and Pacific and surface divergence and
subsidence over the Indian Ocean and Maritime Continent. The region of surface divergence extends farther east
into the Pacific in SPEEDY, while the region of convergence extends farther west in the Pacific in UCLA-AGCM
(Figures S3g and S3h in Supporting Information S1). Overall, this pattern suggests a weakening Pacific Walker
Circulation typically associated with El Nifio-like conditions. This is consistent with the positive ANN-ENSO
connection during the period 1950-1960 (Figure 1a), and the velocity potential pattern resembles the compos-
ite of Atlantic Nifio minus Atlantic Nifia events during the period 1949-1974 from NCEP reanalysis (Kalnay
et al., 1996) (Figure S5a in Supporting Information S1). Furthermore, the response resembles the atmospheric
response to the non-canonical Atlantic Nifio configuration from Losada and Rodriguez-Fonseca (2016) that
dominated before the 1970s.

For the response to an Atlantic Nifio with the global background SST of 1975-1985, ATL7585-CLIM7585
(Figures 2m-20), the maximum near-surface convergence over the Atlantic is shifted to the west, and the nega-
tive velocity potential response over the Maritime Continent seen in 1950-1960 is weaker, and even significantly
positive in UCLA-AGCM (Figures S3i and S3j in Supporting Information S1). The response over the Maritime
Continent resembles the composite of Atlantic Nifio minus Atlantic Nifia events during the period 1975-2000
from reanalysis (Figure S5b in Supporting Information S1). The anomalous surface winds (Figures 3a—3d) and
velocity potential over the Maritime Continent are less El Nifio-like (more La Nifia-like) during 1975-1985
compared to 1950-1960 consistent with the observed La Nifia-like pattern in the Indo-Pacific during this period
(Rodriguez-Fonseca et al., 2009). However, the response in the central Pacific is weak compared to observations.
The climatological SSTs prescribed in the Pacific in ATL7585 are El Nifio-like (Figure 1d) and may dampen a
La Nifia-like atmospheric response over the Pacific. In addition, it should be noted that the prescribed Atlantic
Nifio resembles the non-canonical Atlantic Nifio dipole configuration of the 1950s (compare Figures 1b and le)
eventhough it is composed of both types of Atlantic Nifios. The prescribed Atlantic dipole pattern may lead
to a weaker westward shift of the convection and a stronger influence through the Indian ocean reducing the
response over the Pacific compared to prescribing the canonical Atlantic Niflo pattern of 1975-1985 (Losada
& Rodriguez-Fonseca, 2016). Model biases in the atmospheric circulation (Figure S2 in Supporting Informa-
tion S1) are also likely to influence the magnitude and location of the response over the Pacific.

The differences between the response to the same Atlantic Nifio pattern with different global background SSTs
(comparing Figures 2j—21 with 2m—-20) suggest non-linear processes and that the global ocean background state
influences the Atlantic Nifio teleconnection pattern. The NLR (Figures 2p—2r and 3e-3g) indicates enhanced
surface divergence and anomalous subsidence over the eastern equatorial Atlantic. In ATL7585 the equatorial
and South Atlantic is anomalously warm compared to in ATL5060, which is consistent with enhanced convection
and a shift of the location of maximum equatorial heating in the Atlantic. The NLR also shows enhanced surface
divergence and anomalous subsidence over the central-eastern Pacific, and enhanced surface convergence with
anomalous easterlies in the far western tropical South Pacific over the Maritime continent and westerlies from the
Indian Ocean (Figures 2p and 3e-3g). The NLR resembles the observed atmospheric circulation pattern associ-
ated with an Atlantic Nifio after the 1970s (see Figure 1 in Rodriguez-Fonseca et al., 2009) and is consistent with
a strengthening of the Walker Circulation as seen during a La Nifia and when the ANN-ENSO teleconnection
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Figure 3. JJA 925 hPa wind response to the Atlantic Nifio in (left) SPEEDY and (right) UCLA-AGCM, for (a—b) period 1950-1960 and (c—d) period 1975-1985, and
(e—f) the non-linear response (NLR). Wind speed is shown in shading. (g) Multimodel ensemble mean NLR of zonal wind averaged over 15°S—15°N. Shading in (g)
indicates where both single-model ensemble means agree on sign.

is strong (Losada et al., 2022). In agreement with the mechanism proposed in Polo et al. (2015), a La Nifia can
be triggered by the anomalous surface divergence over the central equatorial Pacific, with easterly wind bursts
over the central and western tropical Pacific during 1975-1985. An initial wind burst can be directly forced by
the Atlantic (Losada & Rodriguez-Fonseca, 2016; Losada et al., 2010), a feature that agrees with the stronger
easterlies shown in our results. Furthermore, the NLR resembles the difference in the atmospheric response to
Atlantic Niflo configurations in both sign and magnitude (Losada & Rodriguez-Fonseca, 2016). The magnitude
of the response over the Maritime Continent is about half of the total response of Atlantic Nifio minus Atlantic
Nifia events in reanalysis (comparing Figure S3k—S31 with Figure S5 in Supporting Information S1) suggesting
the background state is an important component for modulating the Atlantic Nifio teleconnection.

Model differences in the anomalous Walker Circulation response (Figure S3a and S3b in Supporting Informa-
tion S1) are to be expected to some extent because of differences in resolution and model biases (Figure S2 in
Supporting Information S1) for example, the maximum easterly wind anomalies over the western Pacific are farther
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south and east in SPEEDY compared to UCLA-AGCM (Figures 3e and 3f) in accordance with the location of the
NLR in the velocity potential in these models. However, both models agree on the general pattern and strength
of the NLR. There is a positive-negative dipole in the 925 hPa velocity potential between the Maritime Continent
and the central-eastern Pacific and anomalous convergence, rising motion, and enhanced trade winds over the
Maritime Continent, a key region for the ANN-ENSO teleconnection (Losada & Rodriguez-Fonseca, 2016).

4. Discussion and Conclusion

In summary, our experiments show that changes in the background SST pattern could partly explain why the
observed ANN-ENSO teleconnection appeared after 1970. We find that during 1975-1985 the tropical South
Atlantic and eastern Pacific is warmer, and the ITCZ is shifted south toward the equator. An equatorward shifted
ITCZ can facilitate a stronger atmospheric response of the equatorial Pacific (Park et al., 2023). The atmospheric
response to an Atlantic Nifio given this background state reflects a more westward location of surface conver-
gence and upper-level divergence in the Atlantic with respect to the response during 1950-1960. This modifica-
tion drives anomalous surface divergence over the central Pacific, anomalous convergence and upward motion
over the Maritime Continent, and easterly surface winds anomalies near the date line. This atmospheric pattern
could facilitate the growth of La Nifia-like anomalies if coupled to the ocean through the Bjerknes feedback. This
mechanism resembles how the AMO associated Indo-Pacific mean state changes influence the Indian Ocean
Dipole-ENSO teleconnection described in Xue et al. (2022).

The westward displacement of equatorial Atlantic convection in the NLR is consistent with observed changes
related to the Atlantic Nifio configuration during the same period. Therefore, our results do not dispute earlier
studies arguing the role of the Atlantic Nifio configuration for the ANN-ENSO teleconnection strength (Losada
& Rodriguez-Fonseca, 2016). There could also be interactions between both changes in the configuration and
the background, with certain background states preferring certain Atlantic Nifio configurations (Martin-Rey
et al., 2018). We show here that background state changes also contributed to the strengthened ANN-ENSO
teleconnection without changes in the Atlantic Nifio configuration.

The magnitude of the NLR found here is around half of the observed anomalies and of the same order as the
response to different Atlantic Nifio configurations (see Figure 4 in Losada and Rodriguez-Fonseca (2016)), indi-
cating that the background state is of comparable importance for the ANN-ENSO teleconnection. Our results
therefore suggest that given a certain background state, knowledge about the state of the equatorial Atlantic can
improve ENSO predictions regardless of the Atlantic Nifio configuration. Furthermore, we speculate that given
the 1975-1985 background SST pattern with a canonical Atlantic Nifio configuration which dominated in the
same period, the La Nifia-like response in the Pacific to the Atlantic Nifio would be even stronger.

Richter et al. (2021) found that the wind anomalies over the Pacific induced by Atlantic Nifios could only explain
up to 10% of the wind anomalies in the western equatorial Pacific associated with fully developed ENSO events.
Our experimental setup isolates the Atlantic influence on the Pacific avoiding confounding ENSO events devel-
oping internally in the Pacific basin. A caveat with this approach is that we cannot estimate the relative strength
of the atmospheric response to the models' internal ENSO, and therefore not quantify the importance of the
ANN-ENSO teleconnection for fully developed ENSO events.

As mentioned above, the ANN-ENSO teleconnection has remained strong since the turn of the century even
though the AMV has changed sign. Our two CLIM-experiments coincide with different AMV phases but also
include the observed mean state changes in the Indian and Pacific Oceans. The Pacific mean state has been
shown to influence the Atlantic impact on ENSO on multidecadal timescales (Kim et al., 2020) and could have
a role in the non-stationary ANN-ENSO link (Losada et al., 2022). Furthermore, the observed decadal changes
in the Pacific could have been forced by decadal changes in the Atlantic (Li et al., 2016; McGregor et al., 2014;
Ruprich-Robert et al., 2017; Sun et al., 2017; R. Zhang & Delworth, 2007). Additional testing of separate
regions of the background state changes to identify the most important regions for controlling the strength of the
ANN-ENSO teleconnection is needed.

Our results suggest an additional reason for the appearance of the ANN-ENSO teleconnection since the 1970s
other than a change in the Atlantic Nifio configuration and proposes a mechanism based on interactions between
the mean state and the Atlantic Nifio. Thus, during some decades it can be beneficial to include information
about the Atlantic Nifio in ENSO predictions, while in other decades this information would be superfluous.
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However, the Atlantic Nifio influence on ENSO could weaken in the future due to enhanced tropospheric stabil-
ity (Jia et al., 2019). Furthermore, Atlantic Nifio variability may also be weakening (Crespo et al., 2022; Prigent
et al., 2020; Yang et al., 2022), which could reduce the atmospheric response to Atlantic Nifios. On the other
hand, the boreal winter peak of the Atlantic Nifio could become more important for ENSO predictions as the
summer peak weakens (Hounsou-Gbo et al., 2020; Park et al., 2023). Lastly, the results here also suggest that
the ANN-ENSO teleconnections can be hampered in models by systematic biases in the global SST pattern and
the ITCZ position.
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