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Abstract: Recent studies have shown that there are two types of Nifio events in the Tropical Atlantic,
namely the Eastern Atlantic (EA) Nifio and Central Atlantic (CA) Nifio modes. However, it remains
unknown whether these two types of Nifio modes still impact El Nifio-Southern Oscillation (ENSO)
prediction. This paper investigates the impacts of the EA and CA Nifio modes on ENSO predictability
with an empirical dynamical model: the Linear Inverse Model (LIM). After selectively including in or
excluding from the LIM the EA and CA modes of the Tropical Atlantic, respectively, we discover that
the EA mode has a greater significance in ENSO prediction compared to the CA mode. The evolution
of the EA and CA mode optimum initial structures also confirms the impact of the EA mode on the
Tropical Pacific. Further study shows that the EA mode can improve the Eastern Pacific (EP)-ENSO
and Central Pacific (CP)-ENSO predictions, while the CA mode plays a less important role. Despite
the significant influence of the EA mode, the CA mode has become increasingly important since the
2000s and the EA mode has been weakened in recent years. Therefore, the role of the CA mode in
ENSO prediction after 2000 should be considered in the future.

Keywords: Eastern Atlantic Nifio; Central Atlantic Nifio; ENSO prediction; linear inverse model

1. Introduction

The EI Nifio-Southern Oscillation (ENSO) is the dominant air—sea coupled system
in the Tropical Pacific, with its period ranging from 2 to 7 years. ENSO has significant
impacts on climate, weather, and ecosystems through atmospheric teleconnections all over
the world [1-5]. Moreover, ENSO plays a seminal role in Indian summer monsoon predic-
tion [6-8]. ENSO events can be categorized into Eastern Pacific (EP) and Central Pacific
(CP) types [9,10] and their impacts are quite different [10-12]. Based on the classic ENSO
theory, the key triggers for ENSO include the warm water volume across the Equatorial
Pacific [13-15] and westerly wind burst in the Western-Central Pacific [16-18]. Moreover,
there are factors outside the Tropical Pacific (i.e., the North Pacific Oscillation (NPO), the
Extratropical Pacific, the Tropical Atlantic and the Indian Ocean Dipole (IOD) mode) con-
tributing to the development of ENSO [11,19-21]. Although these physical mechanisms
play an important role in ENSO prediction, it is still challenging to make ENSO predictions
accurately in several seasons because of the Spring Predictability Barrier (SPB), which is a
huge obstacle in ENSO prediction [22-24]. It is defined as a striking drop in forecast skill
when the predictions of ENSO are made through the boreal spring [24-30].

In recent years, the influence of the Atlantic on ENSO has received increasing at-
tention. The Tropical North Atlantic (TNA) and the Equatorial Atlantic (EA) sea surface
temperatures (SSTs) play an important role in ENSO [31-41]. Sea surface temperature
anomalies (SSTAs) in the TNA during the boreal spring can act as a trigger for ENSO events
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through a subtropical teleconnection, where the SSTAs in the TNA warm up and then
induce a low-level cyclonic atmospheric flow over the Eastern Pacific. This flow further
produces a low-level anticyclonic flow over the Western Pacific. Thus, easterly winds are
generated over the Western Equatorial Pacific and may trigger a La Nifia event through
cooling the Equatorial Pacific [42]. This shows that the TNA triggers ENSO mainly through
atmospheric dynamics. Moreover, the fact that the EA mode plays a more important role
than the TNA mode on the EP-ENSO prediction has been proved by the Linear Inverse
Model (LIM) [20]. It is necessary to consider the EA mode in the Tropical Atlantic dy-
namics to improve EP-ENSO predictions. Furthermore, ENSO also influences the Tropical
Atlantic and this influence is inconsistent [43—45]. It shows that the entire tropical belt is
interconnected.

Recently, it has been shown that there are two modes in the Tropical Atlantic: the
Central Atlantic (CA) mode and the Eastern Atlantic (EA—different from the Equatorial
Atlantic) mode [46]. The discovery of these modes started with the substantially weakened
Atlantic Nifio [47,48], but its remote impact on ENSO has remained strong [49,50] over the
past decades. To explain this phenomenon, Zhang et al. defined the EA Nifio (i.e., EA mode
in the Tropical Atlantic) and the CA Nifio (i.e., CA mode in the Tropical Atlantic) through
Empirical Orthogonal Function (EOF) analysis, and pointed out that the emergence of the
CA Nifo dominates the remote impact on ENSO [46]. Meanwhile, the impacts of the EA
Nifio and the CA Nifio on climate are completely different, which has been confirmed
through atmospheric model experiments. However, the roles of EA Nifio and CA Nifio
modes in ENSO prediction are still unknown, especially for crossing ENSO SPB.

In this paper, we aim to analyze the impacts of the EA Nifio and CA Nifio on ENSO
prediction, especially in crossing ENSO SPB. Here, we employ an empirical dynamical
model, the Linear Inverse Model (LIM), to quantify the individual contributions of the
EA Nifio and CA Nifio in ENSO prediction. The LIM can effectively reproduce seasonal
tropical SST variability and predictability [51-54]. We find that the role of the EA Nifio is
more important than that of the CA Nifio in ENSO prediction. However, the impact of the
CA Nifio on ENSO prediction has significantly increased since the 2000s.

2. Materials and Methods
2.1. Materials

To identify the EA/CA Nifio and examine their associated oceanic changes, the
monthly mean SST observations (unit: °C) on a 1° x 1° grid from January 1970 to De-
cember 2022, taken from the Hadley Centre Sea Ice and Sea Surface Temperature data set
(HadISST) [55], were used in this study. We also used monthly mean 850 hpa wind observa-
tions (unit: m/s) from the National Centers for Environmental Prediction—National Center
for Atmospheric Research Reanalysis 1, on a 2.5° x 2.5° grid, for the period of January
1970 to December 2022. The observational data before 1970 were not examined because the
early observations are sparse, which may lead to relatively large uncertainties [56]. The
climatological seasonal cycles of SST and wind field were firstly removed to obtain the
respective anomalies. Then, the anomalies were linearly detrended to remove the effects of
anthropogenic greenhouse-gas warming [46]. To ensure the stability of the results, we also
used monthly SSTs from the ORAS5 global ocean reanalysis data, which did not change the
results significantly.

We calculated the Nifio3.4, Nifio3 and Nifio4 indices, defined as SST anomalies, av-
eraged over the Nifo3.4 (5° S-5° N, 170° W-120° W), Nifio3 (5° S-5° N, 150° W-90° W)
and Nifio4 (5° S-5° N, 160° E-150° W) regions, respectively. Meanwhile, the Nifio3 and
Nifio4 indices can stand for the EP-ENSO and CP-ENSO, respectively [30,57]. Note that
other definitions of ENSO diversity do not change the results significantly (Figure S1).
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2.2. Methods

The progression of the climate state can be modeled approximately as a multivariate
linear dynamical system affected by white noise in some systems where the nonlinear
dynamics decorrelate more rapidly than the linear dynamics [52,58]:

dx

—=Lx+ 1

= IxtE M)
where x stands for the state vector of climate anomalies, L is a linear matrix operator
that represents deterministic dynamics, which includes linearly parameterizable nonlinear
dynamics among the components of x, and & is the white noise forcing. L is determined by
the covariance of the state vector x:

L =7, 1n {C(1o )C(O)’l} (2)

where C(19) = (x(t + 79)xT (t)) is the lag-covariance matrix of x, and C(0) = (x(t)x*(t)) is
the zero-covariance matrix at the training lag ty. Here, 19 = 1 month.
In this paper, we selected the following state vector x in the LIM:

SSTtp

N {SSTT A} ®)
where SSTp represents the SST anomalies in the Tropical Pacific (10° S-10° N, 100° E-60° W),
and SSTtx represents the SST anomalies in the Tropical Atlantic (10° S-10° N, 60° W-20° E).
The approximate 93/86 percent variability is explained by the 12/6 leading modes and the
corresponding time series of the SST1p/SST, in their respective fields. Moreover, we also
calculated the Nifio3.4/Nifio3 /Nifio4 indices through the 12 leading principal components
of SSTtp, and discovered that they were nearly identical to the Nifio indices, with a high
correlation coefficient of 0.99. Note that adding information from the subsurface Tropical
Pacific does not change the results significantly (Figure S52).

The dynamics of the coupled system involving the Tropical Pacific, Eastern Atlantic
(EA) and Central Atlantic (CA) can be expressed by reformulating Equation (1) as follows:

Xp Lep Lep Lep] [Xxp &p
xg|= |Lpe Lge Lce| |xg|+|&E 4)

XC Lpc Lgc Lcc] |xc &

e d
dt dt

where xp, xg and xc stand for the variables within the Tropical Pacific (P), Eastern Atlantic
(E) and Central Atlantic (C), respectively. We consider the coupled LIM as the Full LIM. In
Equation (4), the sub-matrices in L represent the internal Tropical Pacific processes (Lpp),
internal EA processes (Lgg), internal CA processes (Lcc) and other coupled dynamics (Lgp,
Lcp, Lpe, Lcg, Lpc and Lgc). The oceanic dynamics of the Tropical Pacific in the Full LIM

are as follows: 4
X
CTEPZ Lppxp + LepXg + Lepxe + &p ®)

where Lppxp, LEpxg and Lepxc represent the local dynamics, the EA teleconnection and the
CA teleconnection, respectively. Meanwhile, we also constructed the No-Eastern Atlantic
LIM (No-EA LIM) with the coupling dynamics, including EA (i.e., Lgp, Lpg, Lcg and Lgc)
in L, set to zero. Thus, with the coupling effects between the Tropical Pacific, as well as the
CA and EA, removed, the No-EA system is described as follows:

&p
dx_d + H 6)
&c

—_—— = L
dt dt XE EEXE

X Lpcxp + Leexc

Xp] [LPPXp + Lepxc
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where the EA teleconnections with the Tropical Pacific and CA are all removed from the
dynamics of the coupled system. Similarly, we built the No-CA LIM, where the effect of
the CA on the Tropical Pacific was removed, through setting the sub-matrix to zero, which
represented the coupling dynamics between the Tropical Pacific, as well as the EA and CA.

To identify the EA/CA Nifio, we performed an EOF analysis on the monthly SST
anomalies over the Tropical Atlantic region (10° 5-10° N, 60° W-20° E), and the PCs
obtained from the EOF analysis were normalized by their respective standard deviations to
scale the corresponding EOFs. The EOF1 mode shows the warm SST anomalies in both
the Central and Eastern Equatorial Atlantic, and the EOF3 is characterized by a zonal
contrasting mode connected with an east-west shift in the positive SST anomalies’ center
(Figure S3). Hence, the EA Nifio index (EANI) is defined as (EOF1 + EOF3)/ V2, and the
CA Nino index (CANI) is defined as (EOF1 — EOF3)/+/2, which are the same as previous
studies [46,59-61].

To maximize the amplification of the tropical SST anomalies, the “optimal” initial
condition is considered in the LIM. More details about the optimal initial condition can be
identified in Zhao et al. [19].

We made the seasonal forecast in the LIM through a five-year cross-validation, which
separates the forecasting part (i.e., five years of the period) from the training part (i.e., the
rest of the period) and is conducive to maintaining the robustness of the LIMs [19]. Note
that seasonal correlation forecast skills below zero are not considered in this paper.

3. Results
3.1. The Impact of the Two Atlantic Nifio Modes on ENSO Prediction

We will firstly explore how the EA/CA Nifio modes impact the development of ENSO
(Figure S4a-h). In the origin stage (i.e., June, the Atlantic Nifio’s most active period) [46],
we find that there are strong warm SSTAs in the Eastern Equatorial Atlantic and along the
Western African coast (Figure S4a), which is the mode of the EA Nifo. In a 3-month lag, the
easterlies occur in the Tropical Pacific (Figure 54b), which leads to cold anomalies through
zonal advection feedback and thermocline feedback. These cold anomalies in the Central
and Eastern Tropical Pacific further develop after 6-9 month evolutions, which are caused
by the strong easterlies (Figure S4c,d). On the other hand, the CA Nifio shows the most
prominent warming signals in the Central Equatorial Atlantic, with weak coastal warming
(Figure S4e). It also leads to cold anomalies in the Tropical Pacific, except for that these cold
anomalies occur in the Central Tropical Pacific (Figure S4f-h). In short, the EA Nifio and
CA Nifio in summer both trigger the La Nifia in the following boreal winter.

The EA mode plays a more important role in ENSO seasonal forecasts. Figure 1 shows
the role of EA/CA modes in ENSO prediction (Figure 1). We evaluated the seasonal forecast
skills for ENSO through the Autocorrelated Correlation Coefficient (ACC). In the Full LIM,
the ACC is low when the initial month is in August to November at 9-12 months lead
(Figure 1a), showing a distinct SPB feature. In the No-EA LIM, we decoupled the EA mode
from the connections with the Tropical Pacific and CA mode (Figure 1b). To further explain
the role of the EA mode in ENSO prediction, we compared the ACCs and calculated their
difference between the Full LIM and the No-EA LIM. We found the ACC in the No-EA
LIM is lower than that in Full LIM when the initial month is in June to December at a
longer lead time (>8 months) (Figure 1d). This shows that the forecast skills will be reduced
in the following spring and summer when the EA mode occurs. A decrease in the ACC
skill in the No-EA LIM from November in the following summer is also confirmed (red
line in Figure S5a). Compared to the EA mode, the decoupling of the CA mode does not
significantly reduce the forecast skill for ENSO (Figure 1c, Figure 1le vs. Figure 1d). The
forecast skill of the Nifi03.4 index in the No-EA LIM (blue line in Figure S6) drops more
rapidly than that in the No-CA LIM (red line in Figure S6). Meanwhile, the difference in
forecast skills between the EA LIM and the Full LIM (blue line in Figure S7) is also larger
than that between the CA LIM and the Full LIM (red line in Figure S7). In short, the EA
mode plays a more important role than the CA mode in ENSO prediction.
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1970-2022 Seasonal forecast skill of Nino3.4 index
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Figure 1. Seasonal correlation forecast skill for Nifio3.4 during 1970-2022 as illustrated by initial
calendar month (y-axis) and lag month (x-axis) in (a) Full Linear Inverse Model (LIM), (b) No-EA
LIM, and (c¢) No-CA LIM. Difference in seasonal Nifi03.4 index forecast skill between (d) No-EA
LIM and Full LIM, and (e) No-CA LIM and Full LIM. Black dots indicate differences past the 95%
significance level, based on Steiger’s Z-test [62].

To explore the reasons why the Tropical Atlantic plays an important role in ENSO
prediction, we employed an analysis of the evolution of the optimum initial conditions.
Before analyzing the evolution, we calculated the ‘Maximum Amplification” (MA) curve
to analyze SSTA growth in the Nifi03.4 area (Figure S8). The MA curve indicates that
the growth in the Full LIM is peaked at a lag of 6 months. Thus, T = 6 months was
chosen to examine the optimal initial conditions in the Tropical Atlantic. This method
has recently been used for simulating the evolution of SSTAs in the Extratropical Pacific
and other regions [19,20]. Then, we calculated the basic equation (Equation (1)) for the
EA/CA Nifo initial conditions (with no signal in the Tropical Pacific) to observe how
these initial conditions evolve. After 3 months of evolution, a weak cold signal appears
in the Tropical Pacific (Figure 2b). The cold signal is then strengthened through the local
oceanic dynamics in the Tropical Pacific (Figure 2c) and eventually evolves into a mature
ENSO event after 9 months (Figure 2d), while the warm signal in the Equatorial Atlantic is
gradually weakened. This indicates that only Tropical Atlantic perturbations of SSTAs can
trigger Tropical Pacific SSTAs without an original signal in the Tropical Pacific.
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Figure 2. The 6-month Tropical Atlantic optimal structure of SST in the Nifio3.4 area (red box) and
(b—d) its development from 3 to 9 months in the Full Linear Inverse Model (LIM). Subfigures (e-h) and
(i-1) are comparable to (a—d), with the exception of optimal initial structure and development in
No-CA LIM and No-EA LIM, respectively.

To further confirm the independent influence of the EA mode and CA mode on SSTA
growth in the Nifo3.4 area, we compared the Tropical Atlantic initial conditions and their
evolutions with the No-CA LIM (Figure 2e-h) and the No-EA LIM (Figure 2i-1). The
Tropical Atlantic optimal initial conditions in the No-CA LIM and No-EA LIM (Figure 2e,i)
show strong warm SSTAs located in the Eastern and Central Equatorial Atlantic, which
resemble the SSTAs spatial patterns of EA Nifio and CA Nifio, respectively [46]. Note that
the local oceanic dynamics of the Equatorial Pacific were removed in the optimal structures
(Figure 2a,e,i). Then, the cool signal appears in the Equatorial Pacific and finally evolves
into a mature ENSO. This indicates that only oceanic perturbations in the Tropical Atlantic
SST can trigger SSTAs in the Tropical Pacific. This phenomenon is also supported by the
fact that the Atlantic Nifio triggers La Nifia [33,34,38].

The EA Nifo and CA Nifio have different impacts on ENSO development. In the
No-CA LIM, there is an EA-like pattern in the Tropical Atlantic, showing a warm signal
along the Western African coast (Figure 2e). After 3 months’ development, a weak cold
signal appears in the Eastern Tropical Pacific due to the remote influence from the EA
mode in the Tropical Atlantic (Figure 2f). Up until 6 months’ evolution, the cold signals
develop into an ENSO-like pattern (Figure 2g). Finally, the cold SSTA peaks after 9 months
of evolution and the warm SSTA in the Tropical Atlantic disappears (Figure 2h). This
suggests that the EA mode plays an important role in ENSO development. In the No-EA
LIM, the emergence of a CA-like pattern in the Tropical Atlantic shows, with a warm signal
in the Central Tropical Atlantic (Figure 2i). Its evolution is similar to that in the No-CA
LIM, but the cold signals caused by the CA mode are weaker than those caused by the
EA mode (Figure 2j-1vs. Figure 2f-h), indicating that the CA mode is less important for
triggering ENSO.

With the evolutions of the Tropical Pacific SSTAs, we find that the EA mode triggers a
strong ENSO event and the CA mode leads to a moderate ENSO event (Figure 2g,h k,1).
Although the two modes both contribute to ENSO, the influence of the EA mode on ENSO
development is stronger than that of the CA mode. This is consistent with our results that
the influence of the CA Nifio on ENSO prediction is relatively less than that of the EA Nifio
(Figure 1e vs. Figure 1d).
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3.2. The Role of the EA/CA Mode in ENSO Diversity Predictability

In the seasonal forecast skill of EP-ENSO (Nifio3 index), the EA mode plays a more
important role, especially in crossing EP-ENSO SPB. The No-EA LIM shows a weak forecast
skill at 8-12 months lead, when the initial month is in June to December, compared to the
Full LIM (Figure 3b vs. Figure 3a). For example, the ACCs are significantly weakened
when the initial month is in August at a long lead time (>8 months), and the ACCs reduce
from around 0.3 to 0. The ACC difference between the Full LIM and the No-EA LIM
further indicates that the EA mode holds a significant position in the EP-ENSO prediction
(Figure 3d). In contrast, the No-CA LIM’s ACCs do not show significant differences com-
pared with the Full LIM (Figure 3c vs. Figure 3a), indicating that the CA mode has a less
significance in EP-ENSO prediction. This conclusion is also supported by the differences
(Figure 3d vs. Figure 3e, Figure S7b) and by the forecast skills from November (red and
yellow lines in Figure S5b). These results indicate that the EA mode may play a more
important role than the CA mode in seasonal forecast EP-ENSO predictability.

1970-2022 Seasonal forecast skill of Nino3 index 1970-2022 Seasonal forecast skill of Nino4 index

Full LIM
initial month

o
=
EN
<]
- = e
= =

e

>

No-EA LITM
initial month
ey

No-CA LTM
initial month
No-CA LTM
initial month

2 4 6 8 10 12

e
e
e

£

initial month
EN

initial month
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Difference
initial month
Difference
initial month

Difference
Difference

'S
s
3

-0.2
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Lag(month) Lag(month) Lag(month) Lag(month)

Figure 3. Seasonal correlation forecast skill of Nifio3 during 1970-2022 as illustrated by initial calendar
month (y-axis) and lag month (x-axis) in (a) Full Linear Inverse Model (LIM), (b) No-EA LIM, and
(c) No-CA LIM. Difference in seasonal Nifio3 index forecast skill between (d) No-EA LIM and Full
LIM, and (e) No-CA LIM and Full LIM. Black dots indicate differences past the 95% significant level,
based on Steiger’s Z-test. (f—j) Same as (a—e) but for Nifio4 index seasonal forecast skill.

Similarly, a significant effect of the EA mode on CP-ENSO predictability can also be
found. The smaller ACCs in the No-EA LIM are shown at 8-12 months lead, when the
initial month is in June to October, compared to the Full LIM (Figure 3g vs. Figure 3f), and
their differences also show a similar conclusion (Figure 3i). For example, the ACCs decrease
from 0.6 to 0.4 when the initial month is in July, at long lead time (around 11 months).
The changes in the ACCs in the No-CA LIM are not significant compared to the Full LIM
(Figure 3h vs. Figure 3f, Figure 3j), suggesting that the CA mode has less of an effect
on CP-ENSO predictability. This conclusion is also supported by the forecast skills from
November (red and yellow lines in Figure S5¢) and the differences in the forecast skills of
Nifio4 between the No-CA LIM as well as the No-EA LIM and the Full LIM (Figure S7c).
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1970-1999 Seasonal forecast skill of Nino3.4 index
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Difference
initial month

.
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Opverall, the EA mode plays a leading role in EP/CP-ENSO prediction when the initial
month is in boreal summer to winter (June to December), and the effect of the CA mode on
EP/CP-ENSO predictability is weak.

3.3. The Interdecadal Role of EA and CA Nifio in ENSO Prediction

Recent studies have shown a much-weakened amplitude of the Atlantic Nifio itself, but
its remote impact on ENSO has remained strong and steady since the 1970s [49,50]. More
specifically, the EA Nifio has weakened significantly while the CA Nifio has strengthened
gradually since the 2000s [46]. Thus, it is necessary to discuss the interdecadal role of the
EA and CA Nifo on ENSO predictability before and after the 2000s.

We evaluated the seasonal correlation forecast skill of the EA/CA mode in ENSO
prediction before and after the 2000s (Figure 4). For the period of 1970-1999, the EA mode
can significantly weaken the ENSO predictability. Through decoupling the EA mode in
the No-EA LIM, the ACCs in the No-EA LIM are reduced significantly compared to the
Full LIM at 8-12 months lead when the initial month is in boreal summer to winter (June to
December) (Figure 4b vs. Figure 4a), resulting in a strong predictability barrier in the No-EA
LIM (Figure 4d). The influence of the CA mode on ENSO predictability is not as strong as
that of the EA mode before the 2000s. In the No-CA LIM, the ACC shows similar features
compared with the Full LIM (Figure 4c vs. Figure 4a, Figure 4e). These results suggest that
the SPB weakens significantly when the initial month is in the boreal summer and autumn
by including the information of the EA mode, and SPB does not change significantly by
including the information of the CA mode before 2000s. The changes in the forecast skills
predicted from November before the 2000s also confirm this conclusion (Figure S9a).

2000-2022 Seasonal forecast skill of Nino3.4 index

Full LTM
initial month
-

=

oo

No-CA LIM
initial month
No-EA LIM
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No-CA LIM
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3
= =
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Lag(month)
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Figure 4. Seasonal correlation forecast skill of Nifio3.4 during 1970-1999 as illustrated by initial
calendar month (y-axis) and lag month (x-axis) in (a) Full Linear Inverse Model (LIM), (b) No-EA
LIM, and (c) No-CA LIM. Difference in seasonal Nifio3.4 index forecast skill between (d) No-EA
LIM and Full LIM, and (e) No-CA LIM and Full LIM. (f-j) Same as (a—e) but for 2000—2022 seasonal
forecast skill.
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For the period of 20002022, the effect of the EA mode on ENSO predictability was
weakened. In the No-EA LIM, the ACCs declined from 0.2 to 0 during the boreal summer
and winter (June to August and November to January), and the ACCs did not change
compared to the Full LIM when the initial month was in boreal autumn (September to
November) over long time scales (>6 months) (Figure 4g vs. Figure 4f). In the No-CA LIM,
the ACCs decreased from 0.2 to 0 when the initial month was in boreal winter (November to
January) at long lead times (>6 months) (Figure 4h vs. Figure 4f). By comparing the seasonal
differences in ACCs before and after the 2000s (Figure 4i vs. Figure 4d and Figure 4j vs.
Figure 4e), we found that the ENSO forecast skill in the No-CA LIM declined rapidly during
winter after the 2000s. These results indicate that the influence of the EA mode on ENSO
prediction has been weakened and the impact of the CA mode has been strengthened since
the 2000s.

4. Discussion

In this paper, we found that the EA mode dynamics play a more important role than
the CA mode in predicting ENSO over longer timescales (>6 months). The optimal initial
structures also support this finding. The significant role of the EA mode in EP-ENSO
and CP-ENSQO is confirmed, while the CA mode has less of an effect on EP/CP-ENSO
prediction. However, the influence of the EA mode on ENSO predictability has decreased,
while the effect of CA mode has increased, since the 2000s. We prefer to consider that the
most impact of the EA on ENSO prediction is from the period before the 2000s, and we
would not deny the role of the CA, despite the fact that the influences of the EA mode are
shown to be strong and those of the CA mode are shown to be weak in the results.

Recently, through Atmospheric model experiments, it has been demonstrated that
the CA Nifio has become an important factor influencing the climate conditions in regions
surrounding the Tropical Atlantic [46]. Meanwhile, we confirm that the CA Nifio has played
an important role in crossing ENSO SPB during the winter after the 2000s. This conclusion
also supports the point that the CA Nifio’s remote impact on ENSO remains strong, despite
the fact that the Atlantic Nifio has weakened in recent decades. It is necessary to explore
the CA mode in dynamical models to further improve ENSO predictions.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/atmos15121433/s1, Figure S1: Forecast skills for the four indices;
Figure S2: Seasonal forecast skill of Nifio3.4 index during 1970-2022 predicted in each LIMs including
ORASS5 SSH; Figure S3: The first three EOF modes in tropical Atlantic; Figure S4: Linear partial
regression maps between the EANI/CANI and the corresponding sea surface temperature anomalies
and wind anomalies over time; Figure S5: Correlation forecast skills for the three Nifio indices from
November in each LIMs; Figure S6: Forecast skill of Nifio3.4 index predicted by different LIMs at
different lag times; Figure S7: Differences in forecast skill for the three Nifio indices in each LIMs at
different lag times for 1970-2022; Figure S8: The “MA curve” of SST variance in the Nifio3.4 region in
Full LIM; Figure S9: Correlation forecast skills of Nifio3.4 index from November in each LIMs during
1970-1999 and 2000-2022.
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