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Key points (3 — 140 characters each):

e The leading Tropical Atlantic climate modes shape the spatio-temporal variability of
the Cold Tongue interannual surface Chlorophyll-a.

e The Atlantic Zonal Mode explains the interannual Chlorophyll-a variability in the
eastern part of the Cold Tongue with a peak in summer.

e The North Tropical Atlantic mode influences the interannual Chlorophyll-a variability

in the western Cold Tongue, from spring to winter.

Keywords

Tropical Atlantic; Equatorial Atlantic; Cold Tongue; chlorophyll-a concentration; interannual

variability; Climate modes; Remote sensing.
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Abstract

Chlorophyll-a concentration (Chl-a) observed by satellite shows a marked seasonal and
interannual variability in the Tropical Atlantic. This study analyzes how the remotely-sensed
surface Chl-a responds to the leading boreal summer climate modes affecting the interannual
Tropical Atlantic variability over 1998-2018, corresponding to a positive Atlantic Multidecadal
Oscillation phase. We show that the Atlantic Zonal Mode (AZM) and the North Tropical
Atlantic Mode (NTAM) significantly drive the interannual surface Chl-a variability in the
equatorial Atlantic, with different timings and contrasted zonal modulation of the Cold
Tongue. The AZM involves remotely-forced wave propagations favoring upwelling in the east
and Chl-a modulation in the core of the Cold Tongue. Instead, the impact of the NTAM is
mainly in the west, in response to locally-forced pumping that modulates the western
extension of the Cold Tongue. Such conditions can affect the marine food web, inducing

significant variations for ecosystem functioning and fisheries.

Plain language summary

The Tropical Atlantic Ocean is characterized by strong year-to-year surface temperature
fluctuations which can be classified into basin-scale climate modes. In this study, we examine
to which extent these modes of variability have a signature on the surface Chlorophyll-a
concentration, a proxy of the biological activity at sea. Using two decades (1998-2018) of
ocean-color satellite observations, we show that the interannual surface Chlorophyll-a
modulation in boreal summer is impacted by these climate modes mainly along the equator.
They drive contrasted Chlorophyll-a fluctuations in time and space. The first climate mode,
the Atlantic Zonal Mode, involves distant mechanisms that propagate along the equator
favoring biological activity in the eastern equatorial basin. Conversely, the second mode, the
North Tropical Atlantic Mode, involves local mechanisms in the west of the equatorial band
where it favors biological activity. Such conditions can affect the marine food web, inducing

significant variations for the fisheries.
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1. Introduction

The tropical Atlantic is characterized by a low-frequency variability of coupled ocean-
atmosphere processes leading to extreme events with critical societal impacts (high rainfall,
drought, hurricane; Foltz et al.,, 2019). These fluctuations which mainly concern the Sea
Surface Temperature (SST), occur at different time-scales, from interannual to multidecadal -
for the Atlantic Multidecadal Oscillation, AMO (Kerr 2000; Knight et al. 2006). The interannual
variability is governed by two leading climate modes, namely the Atlantic Zonal Mode (AZM)
and the North Tropical Atlantic Mode (NTAM) (Xie & Carton, 2004; Foltz & McPhaden, 2010).
The AZM, also known as the Atlantic Nifio or the Atlantic equatorial mode, is associated in its
positive phase with anomalous warming (cooling in its negative phase) of boreal summer SST
confined to the eastern equatorial basin (Fig.S1a; Kushnir et al., 2006; Libbecke et al., 2018).
In contrast, the NTA, also known as the Atlantic Meridional Mode or Dipole mode, is
characterized by an interhemispheric gradient of SST Anomalies (SSTA), with anomalous
warm conditions in the north tropical Atlantic region and weak negative SSTA south of the
equator during its positive phase, and conversely during its negative phase (Fig.S1b; Chiang
and Vimont, 2014). This interannual mode modulates the latitudinal position of the Atlantic
Intertropical Convergence Zone (ITCZ) (e.g., Xie & Carton, 2004). The NTAM usually peaks in
boreal spring (Kushnir et al.,, 2006) and, notably, still has a signature in boreal summer
(Richter et al., 2013). The imprint of these two interannual modes is directly modulated by
the multidecadal variability, namely the AMO as shown in Martin-Rey et al. (2018). In
particular, Vallés-Casanova et al. (2020) investigated the diversity of the Atlantic Nifios and
showed significant variations of the onset and duration of the SSTA they attributed to
preconditioning driven by external forcing such as NTAM or Pacific El Nifio.

This interannual variability of the tropical Atlantic is likely to impact the marine
ecosystem. SST variability can indeed reflect the modulation of nutrient inputs through the
thermocline depth displacements and result in the variability of chlorophyll-a concentration
(Chl-a) and marine ecosystems. Actually, in such a region where there is no light-limitation at
the surface, the primary production is predominantly driven by the nutrient availability in
response to physical drivers (Longhurst, 1993; Longhurst, 2007). To our knowledge, the most
extensive investigation of seasonal and interannual variability of Chl-a in the tropical Atlantic
was carried out by Grodsky et al. (2008), using a 10-year-long time-series of sea surface Chl-a.

Using an updated 21-year-long time-series of remote-sensed surface Chl-a (see Material &
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Methods), we confirm their results (Figs.1ab): the richest surface waters are located along the
coasts due to coastal upwelling and river discharges and also in the equatorial Atlantic Cold
Tongue region where the equatorial upwelling prevails Seasonal and interannual equatorial
Chl-a variability peaks at [10°W, 0°N], spreading zonally from 0°E to 30°W (Fig.1a). It is
maximum in boreal summer (0.35 +0.1 mg.m™, Fig.1b). Surface Chl-a anomalies in the Cold
Tongue show marked interannual variability (Fig.1c). This is even more striking when looking
at the zonal extension of Chl-a anomalies along the whole equatorial waveguide (Fig.1d).
Interestingly, while on average surface Chl-a interannual variability peaks around 10°W, it can
extend over the whole equatorial Atlantic and peak at 25°W (e.g., in 2002).

Grodsky et al. (2008) hypothesized that interannual variability of the sea surface Chl-a
and SST in the eastern equatorial Atlantic is driven by the thermocline displacements,
associated with the interannual fluctuations of the equatorial zonal wind. However, the
broader effect on primary productivity is still unknown (Foltz et al., 2019). This leads us to
question the sources of such temporal and spatial variability of the sea surface Chl-a on an
interannual timescale in the entire equatorial Atlantic. We will focus our study on the boreal
summer period when seasonal and interannual variability of Chl-a is maximum (Fig.1b). In this
paper, using remote-sensed observations over the equatorial Atlantic region, we describe

how interannual climate modes shape the Chl-a variability in time and space.
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Figure 1: Temporal and spatial variability of surface chlorophyll-a concentration (Chl-a, mg.m’
%) from satellite observations over 1998-2018. (a) Mean (color shading) and interannual
standard deviation (black contours). (b) Climatological monthly mean (black line) and
interannual monthly standard deviation (STD, orange dashed line) averaged over the Cold
Tongue area ([3°S-3°N; 30°W-3°E], delineated by the black box in panel a). (c) Monthly (black
line) and boreal summer (June-July-August average, red/blue bars) interannual anomalies in
the Cold Tongue. (d) Longitude-time Hovmoller diagram of the equatorial interannual
anomalies averaged within [3°S-3°N].

2. Material and methods

This study has been conducted using ocean-color satellite data over the 1998-2018
period in the Tropical Atlantic region from 20°S to 20°N. Ocean-color, provided by E.U.
Copernicus Marine Service Information, is a proxy for open-sea Chl-a (Fournier et al., 2015).
We analyzed cloud-free Chl-a monthly maps (L4 product, CMEMS 2020a), based on the
Copernicus-GlobColour processing chain. Concomitant monthly SST and near-surface
atmospheric circulation described through zonal and meridional wind components come
from the European Center for Medium-Range Weather Forecasts ERA-Interim reanalysis (Dee

et al., 2011). Monthly remote-sensed Sea Surface Height (SSH), a good approximation for the
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thermocline displacements, is available since 1993 from Aviso Ssalto/Duacs (Pujol et al., 2016)
and provided by CMEMS (2020b).

After removing the linear trend, monthly interannual anomalies are estimated relative to
the 1998-2018 climatology. We focus on the boreal summer Chl-a variability and following
Martin Rey et al. (2018), we average the data over the June-July-August (JJA) season.
Diagnostics consist primarily of Empirical Orthogonal Function (EOF) analyses and linear
regressions. The EOF analysis allows decomposing the Tropical Atlantic SSTA variability into a
set of independent spatial modes (the EOFs, Fig.2) associated with distinct temporal
fluctuations — the Principal Components (PCs, Figs.3ef). Classically, PCs are normalized such as
their standard deviation (STD) is 1 and the EOF spatial pattern conveys the unit of the
variable. To isolate the part of the Chl-a, wind, and SSH variability associated with each
leading EOF mode, we linearly regress (using a least mean square method) the interannual
time-series onto the standardized PCs (Figs.3a-d). The goodness of the linear fit is
systematically measured by the square of the correlation coefficient (r°) between PCs and the
independent time-series. Throughout the study, the statistical significance of correlations is
estimated based on Student’s t-test at the 95% confidence level.

Because we aim at understanding Chl-a interannual variability, we preferentially focus on
anomalous productive years corresponding to the occurrence of cold interannual events. We
thus present the cold phase of the leading EOF modes of the Tropical Atlantic SST, inversely to

the usual convention.
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Figure 2: Maps of the two leading Empirical Orthogonal Function (EOF) of boreal summer
‘June-July-August’ (JJA) interannual Sea Surface Temperature (SST) variability (color shading,
°C) in the tropical Atlantic ([20°S-20°N, 60°W-15°E]) over the 1998-2018 period. The
percentages indicate the explained variance of each mode. JJA surface wind interannual
anomalies (arrows, m.s') are regressed onto the respective standardized Principal
Component (PC, shown in Fig.3ef). Significant values (> 95% confidence level) are shown with
black vectors. NTAM: North Tropical Atlantic mode. AZM: Atlantic Zonal mode.
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3. Climate modes and Chl-a variability

3.1 Tropical Atlantic interannual climate modes over a positive AMO phase

As expected, two leading modes of interannual climate variability emerge from the
analysis of boreal summer tropical Atlantic SSTA (Fig.2). While these patterns stray from the
classical climate modes (described in the introduction; Fig.S1), they are consistent with
Martin-Rey et al. (2018), who recently diagnosed a modulation of the leading climate mode
structures regarding the AMO phase. These results are coherent since EOFs analyses are
performed over the last two decades (1998-2018) and that the AMO is in a positive phase
since the 1990s (Wu et al., 2019).

The dominant mode explains 39.7% of the summer tropical Atlantic interannual
variability. It is characterized by strong northern cold (warm) SSTA, accompanied by
anomalous northeasterly (southwesterly) trades, contrasting with a near-zero positive
(negative) SSTA south of the equator, confined to the eastern tropical Atlantic (Fig.2a). Such
pattern resembles closely the NTAM pattern during positive AMO phases (Martin-Rey et al.,
2018).

The second leading mode explains 21.6% of the summer tropical Atlantic interannual
variability. It is characterized by strong cold (warm) SSTA in the eastern equatorial Atlantic
extending southeastwards along the African coast in the Benguela upwelling system (Fig.2b)
typical of an Atlantic Nifia (Nifio) event. Divergent (convergent) anomalous surface winds
overlie the eastern equatorial Atlantic SSTA event (lllig et al., 2020), associated with a
strengthening (relaxation) of the Trade winds in the western-central equatorial Atlantic and
coastal poleward (equatorward) winds along the Benguela current system. A weak
interhemispheric SSTA gradient is also depicted. This pattern is typical of the AZM during
positive AMO phases (Martin-Rey et al., 2018).

Note that, in comparison with Martin-Rey et al. (2018), we find that the NTAM explains
more variance than the AZM mode during a positive AMO phase. This can be attributed to the
temporal and spatial restriction of our analysis (Libbecke et al., 2018), i.e., two decades over
20°S-20°N against 34 years over 30°S-30°N in Martin-Rey et al. (2018). A possible linear mix
between the two climate modes (Servain et al.,, 1999; Hormann and Brandt, 2009) or the

effect of climate change (Libbecke et al., 2018) might also explain this difference.
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3.2 NTAM and the western equatorial Chl-a modulation

The interannual SSH Anomaly (SSHA) signature associated with the cold phase of the
NTAM shows negative anomalies mostly in the northern Tropical Atlantic and in the western
part of the equatorial band, from 40°W to 5°W with a peak at 40-30°W (Fig.3a). Considering
the SSH as a proxy for the thermocline depth (Arnault et al., 1992), a cold-phase NTAM is
mainly associated with a shoaling of the thermocline where negative SSHA are located
(Martin-Rey et al., 2018). Such a thermocline rise is likely to be driven locally by a positive
Ekman Pumping anomaly associated with the increased surface wind-stress curl (Fig.S2). In
the western equatorial sector, the shoaling of the thermocline is expected to enhance the
equatorial upwelling and therefore increase the vertical nutrients flux into the euphotic layer
and enhance the Chl-a in the surface layer. This mechanism is consistent with the Chl-a
signature associated with the cold phase of the NTAM (Fig.3c). Positive Chl-a anomalies are
indeed observed in the western part of the equatorial fringe collocated with the SSHA. They
extend zonally from 40°W to 15°W with a peak near ~25°W. Such a close link between SSHA
and Chl-a patterns suggests control of Chl-a by vertical processes, though vertical nutrient
fluxes. There is, however, no significant modulation of the Chl-a anomalies in the northern
Tropical Atlantic (5-15°N), despite the significant productivity occurring yearlong (Fig.1a). The
apparent weak sensitivity of surface Chl-a in this region to climate modes would deserve
further attention.

NTAM) and the Chl-a averaged in the

Consistently, the interannual modulation of NTAM (PC
Cold Tongue region have a correlation of 0.41. Notably, this correlation substantially increases
and becomes statistically significant when only the western part of the Cold Tongue (CTW) is
considered (r=0.64, >99%) (Fig.3e), with a regression coefficient of -0.12 mg.m’3/°C.

NTAM
. Hence, the

Conversely, the eastern Cold Tongue Chl-a variability is not correlated with PC
NTAM mode significantly explains the interannual boreal summer Chl-a variability in the
western equatorial band with strong positive anomalies in 2002 and 2015 and negative
anomalies in 2010 (also visible in Figs.1lcd). Interestingly, 2002 has been investigated by
Hormann and Brandt (2009). They diagnosed 2002 as an abnormally warm year in the eastern

part of the Cold Tongue contrasting with cold anomalies in the western part (west of 25°W),

similarly to our cold-phase NTAM pattern (Fig.1a).
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Figure 3: Spatio-temporal characteristics of the boreal summer (JJA) Sea Surface Height (SSH)
and Chl-a associated with the NTAM and AZM interannual EOF modes of the Tropical Atlantic
SST (presented in Fig.2). Regression maps of JJA SSH interannual anomalies (cm) onto the
NTAM (a) and AZM (b) standardized Principal Components (PCs, shown in panels e-f (black
lines)). Only significant values (> 95% confidence level) are shaded. (c-d) Same as panels a-b
for JJA Chl-a anomaly (mg.m’?’). NTAM (e) and AZM (f) EOF PCs (black lines) are compared with
boreal summer surface Chl-a interannual anomalies averaged in different portions of the Cold
Tongue: entire Cold Tongue (CT, [3°S-3°N; 27°W-3°E], blue lines), eastern Cold Tongue (CTE,
[3°S-3°N; 15°W-3°E], pink lines), and western Cold Tongue (CTW, [3°S-3°N; 27°W-15"W],
orange lines). Squared correlation (r?) and associated significance level (%) quantify the
goodness of the linear fit between PCs and Chl-a time-series. n.s.: not significant

3.3 AZM and the eastern equatorial Chl-a modulation

The cold phase of the AZM is associated with strong positive interannual SSHA in the
western Tropical Atlantic, from 10°S to ~15-20°N, which contrasts with the negative SSHA in
the Gulf of Guinea (east of 20°W) (Fig.3b). The latter are divided into two SSH depressions
nearly symmetric about the Equator and centered ~4°-5° of latitude away from the Equator,
typical of the signature of equatorial Rossby waves on the SSH. These upwelling waves are

most likely associated with the reflection of eastward-propagating equatorial Kelvin waves
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forced earlier in the western equatorial basin by the zonal wind fluctuations associated with
the AZM (lllig et al. 2004) (Fig.2b). Incidentally, part of the equatorial Kelvin wave energy
could also have been transmitted along the African coast as coastally-trapped waves, which
would explain the remaining negative SSHA depicted off Angola (Bachelery et al., 2020).
These interannual SSHA fluctuations reflect a substantial shoaling (deepening) of the
thermocline in the eastern (western) tropical Atlantic. The rise of the thermocline would yield
a positive nutrient advection into the sunlit layer and should explain the positive surface Chl-a
anomalies in the eastern Cold Tongue and along the southern Angola Current (Fig.3d).

The interannual modulation of the AZM (PC*M) (Fig.3f) and the Chl-a averaged in the
whole Cold Tongue region are significantly correlated (r=0.47, >95%). This correlation slightly
increases when only the eastern part of the Cold Tongue is considered (r=0.56, >99%), with a
regression coefficient of -0.10 mg.m>/°C, while the western Cold Tongue Chl-a variability is

AM Therefore, we conclude that the AZM interannual climate mode

not correlated with PC
significantly explains the interannual boreal summer Chl-a variability in the eastern equatorial
band with a strong positive event in 2005 and a negative event in 2008 (also visible in
Figs.1cd). Hormann and Brandt (2009) have also analyzed the abnormally cold year of 2005. In
contrast to 2002, during the boreal summer of 2005, the easterlies were stronger in the
western basin, and the Equatorial Under Current was embedded in a shallower thermocline
at 23°W. The thermocline was abnormally shallow in the whole eastern equatorial Atlantic
(Marin et al., 2009) and was associated with a weak equatorial Kelvin wave activity. Valles-

Casanova et al. (2020) classified the year 2005 as a La Nifia event, characterized by an early

onset and persistent cold anomalies along the equator, peaking at 10°W in June.

3.4 Spatio-temporal modulation under NTAM and AZM influence.

To diagnose the spatio-temporal modulation of the surface properties by the two leading
climate modes, we linearly regress the 3-month running-mean of SST, surface wind, SSH, and
Chl-a interannual anomalies onto the standardized PC"™™ and PC"**M (Fig.3ef). Fig.4 presents a
longitude-time Hovmoller diagram of the regression coefficients averaged in the equatorial
band for the NTAM and AZM. A coherent longitude-time evolution of the key equatorial
properties anomalies emerges for both modes and can be interpreted in the light of the

climatological conditions (Fig.S3).

10
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Figure 4: Phenology of equatorial surface properties associated with NTAM (left panels) and
AZM (right panels) EOF modes of JJA interannual Tropical Atlantic SSTA. 3-month running-
mean of SST, surface wind, SSH, and Chl-a interannual anomalies from preceding winter (DJF)
to following winter (NDJ) are regresses onto the standardized PCs (shown in Fig.3ef) and
averaged within [3°S-3°N]. SSTA (color shading, °C) and surface winds anomalies (arrows, m.s
') associated with JJA NTAM and AZM are displayed on top panels. On bottom panels, same
for Chl-a (color shading, mg.m'g) and SSH (contours, cm) interannual anomalies.

For the NTAM, the cold phase is associated with a cold equatorial SSTA in the western
basin, that progresses from the end of the boreal winter. It extends from the Brazilian coast
to ~15°W and peaks in early boreal summer (MJJ) at ~30°W, concomitant with anomalous
wind divergence (Fig.4a). Collocated with this cold event in the western equatorial Atlantic,

Fig.4c discloses a strong and persistent negative SSHA and a positive Chl-a anomaly in boreal

11
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summer (MJJ and JJA). These physical and biogeochemical anomalies are concomitant and
steady, which suggests that they are associated with local vertical processes consistent with
the increased Ekman pumping diagnosed from the NTAM anomalous surface wind-stress curl
(Fig.S2). Concurrently, from boreal winter (JFM) to early summer (MJJ), relaxed easterlies are
observed along the whole equatorial band. They drive downwelling equatorial Kelvin waves
which reduce the equatorial upwelling in the eastern basin, leading to a strong zonal seesaw
pattern in SSH, SST, and Chl-a anomalies. Note that Hormann and Brandt (2009), who studied
a typical NTAM vyear (2002), also associated such a cold event with abnormally relaxed
easterlies in the western basin. They emphasized a strong Equatorial Under Current core
embedded in a shallow thermocline at 23°W which is consistent with the anomalous positive
Ekman Pumping triggered by the surface wind pattern discussed earlier. Interestingly, during
the following boreal fall, the cold anomaly slowly progresses eastwards east of 20°W,
accompanied by a negative SSHA and a positive Chl-a anomaly. Also, the NTAM boreal
summer western cold event is preceded by cold SSTA in the eastern basin in boreal winter
(DJF), associated with negative SSHA and positive Chl-a anomalies. This pattern is typical of
the boreal winter Atlantic Nifio || mode from Okumura and Xie (2006), shown to act as
preconditioning to the subsequent boreal spring NTAM.

For the AZM, the cold phase is associated with a cold equatorial anomaly extending east
of ~20°W to the African coast. The cold event spreads slowly westwards from late winter and
is maximum in early boreal summer (MJJ) at ~10°W (Fig.4b, coherently with La Nifia pattern
from Valles-Casanova et al., 2020). This eastern cold anomaly is driven by an intensification of
easterly trades along the equator initiated in boreal winter (JFM) and persisting until the
following summer (JJA) (Fig.4b). Concomitant to this cold SSTA, a strong negative SSHA and a
positive Chl-a anomaly are depicted (Fig.4d). The latter can be attributed to the enhanced
upwelling of cold nutrient-rich deep water into the surface layer (Radenac et al., 2020), driven
by remotely-forced equatorial wave triggered by the reinforcement of easterly trades in the
western-central basin. This analysis also reveals a localized moderate positive Chl-a MJJ peak
at 25°W which seems to detach itself from the core eastern Chl-a anomaly and differs from
the SSTA pattern. After the summer, an abrupt termination of the interannual event (Fig.4bd)
is associated with an eastward propagation of moderate positive SSHA and negative Chl-a
anomalies that crosses the basin in ~2 months (from JAS to SON). The timing and

characteristics of this propagation are consistent with a Kelvin wave triggered by the
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reflection of a downwelling Rossby wave forced upstream the relaxation of the easterlies.
Notably, similar to the NTAM signature, an eastern negative Chl-a anomaly associated with a
positive SSHA are observed at the beginning of the year. They may contribute to the
modulation of eastern boreal winter Cold Tongue bloom (also visible in Fig.1bd; Perez et al.,
2005; Grodsky et al. 2008; Radenac et al. 2020). The study of the winter bloom is beyond the
scope of this paper, but additional attention could be given to its interannual variability in

future research projects.

4. Concluding Remarks

This study aims to describe how interannual climate modes shape the Tropical Atlantic
Chl-a variability in time and space using a 21-year-long time-series remote-sensed
observations over the equatorial Atlantic region. As expected, two leading modes of
interannual climate variability emerge from our analysis of boreal summer (JJA) tropical
Atlantic SSTA: namely the AZM and NTAM. Both NTAM and AZM spatial patterns do not
strictly fit their canonical signature but are under the influence of a positive AMO phase
(1998-2018) (Martin-Rey et al., 2018).

We show that AZM and NTAM significantly drive the interannual surface Chl-a
variability in the equatorial Atlantic, with different timings and contrasted modulation in the
Cold Tongue. The NTAM influences preferentially the interannual Chl-a variability in the
western Cold Tongue, from boreal spring to fall (peaking in summer), while the AZM affects to
a large extend, the interannual Chl-a variability in the eastern Cold Tongue, during boreal
summer. Our results suggest that the significant surface wind anomalies in the western
equatorial Atlantic associated with each climate mode have distinct effects on the ocean
dynamics. The relaxation of easterlies in boreal winter associated with the cold phase of
NTAM vyields a shoaling of the western equatorial thermocline through Ekman pumping, while
the AZM cold-phase intensification of easterlies in boreal spring triggers equatorial Kelvin
wave propagation responsible for an anomalous shoaling of the thermocline in the eastern
Cold Tongue region 1-2 months later. The locally- and remotely-forced vertical fluxes advect
nutrients into the euphotic layer and increase the primary production in the western and
eastern Cold Tongue region, respectively. This east/west contrast in the interannual Chl-a
fluctuations is confirmed by an EOF analysis on the Chl-a restricted over the 3°S-3°N

equatorial band (Fig.S4). The first leading mode is associated with a strong positive anomaly
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along the equator (with concomitant peaks at 25, 18, and 10°W) with a temporal modulation
significantly correlated with PC"™M (r=0.53). The second leading mode highlights an east/west
dipole of Chl-a anomalies (peaking at 10°W and 30°W, respectively) with a temporal

AM(r=0.61). Additionally, similar east/west

modulation significantly correlated with PC
partition of the equatorial Atlantic has already been documented (Longhurst, 2007; Perez et
al. 2005; Longhurst et al. 1995), but simply based on the seasonality of biogeochemical
properties, discriminating the variability in the Eastern Tropical Atlantic Province and the
Western Tropical Atlantic Province, associated with a large boreal summer variability and a
reduced boreal autumn peak, respectively.

This work provides new insights into the interannual variability of Chl-a, and its zonal
signature, in this under-explored region. The role of such climate variability on Chl-a is likely
to arise a myriad of biogeochemical implications. The challenge now is to understand how
these climate modes impact the interannual spatio-temporal variability of the planktonic
ecosystem, their consequences on the biological carbon pump and the higher trophic levels.
In-depth analyses using a coupled physical-biogeochemical model are under investigation to

diagnose biological-physical processes such as advective and diffusive nutrient fluxes and

their potential impact on subsurface Chl-a and plankton ecosystem dynamics.
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Acronyms:
AZM: Atlantic Zonal Mode

Chl-a: Surface Chlorophyll-a concentration

CT: Cold Tongue region ([3°S-3°N; 30°W-3°E])

CTE: Eastern Cold Tongue area ([3°S-3°N; 15°W-3"E])
CTW: Western Cold Tongue area ([3°S-3°N; 27°W-15°W])
EOF: Empirical Orthogonal Function

NTAM: North Tropical Atlantic Mode

PDF: Probability Distribution Functions

SSH: Sea Surface Height

SSHA: Sea Surface Height interannual Anomalies

SST: sea Surface Temperature

SSTA: sea Surface Temperature interannual Anomalies

STD: standard deviation
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Figure 1: Temporal and spatial variability of surface chlorophyll-a concentration (Chl-a, mg.m-3) from satellite
observations over 1998-2018. (a) Mean (color shading) and interannual standard deviation (black contours). (b)
Climatological monthly mean (black line) and interannual monthly standard deviation (STD, orange dashed line)
averaged over the Cold Tongue area ([3°S-3°N; 30°W-3°E], delineated by the black box in panel a). (c) Monthly
(black line) and boreal summer (June-July-August average, red/blue bars) interannual anomalies in the Cold
Tongue. (d) Longitude-time Hovmoller diagram of the equatorial interannual anomalies averaged within [3°S-3°N].
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Figure 2: Maps of the two leading Empirical Orthogonal Function (EOF) of boreal summer ‘June-July-
August’ (JJA) interannual Sea Surface Temperature (SST) variability (color shading, °C) in the tropical Atlantic
([20°S-20°N, 60°W-15°E]) over the 1998-2018 period. The percentages indicate the explained variance of each
mode. JJA surface wind interannual anomalies (arrows, m.s-1) are regressed onto the respective standardized
Principal Components (PC, shown in Fig.3ef). Significant values (> 95% confidence level) are shown with black
vectors. NTAM: North Tropical Atlantic mode. AZM: Atlantic Zonal mode.
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Figure 3: Spatio-temporal characteristics of the boreal summer (JJA) Sea Surface Height (SSH) and Chl-a associated with the NTAM
and AZM interannual EOF modes of the Tropical Atlantic SST (presented in Fig.2). Regression maps of JJA SSH interannual anomalies
(cm) onto the NTAM (a) and AZM (b) standardized Principal Components (PCs, shown in panels e-f (black lines)). Only significant
values (> 95% confidence level) are shaded. (c-d) Same as panels a-b for JIA Chl-a anomaly (mg.m-3). NTAM (e) and AZM (f) EOF PCs
(black lines) are compared with boreal summer surface Chl-a interannual anomalies averaged in different portions of the Cold
Tongue: entire Cold Tongue (CT, [3°S-3°N; 27°W-3°E], blue lines), eastern Cold Tongue (CTE, [3°S-3°N; 15°W-3°E], pink lines), and
western Cold Tongue (CTW, [3°S-3°N; 27°W-15"W], orange lines). Squared correlation (r2) and associated significance level (%)
guantify the goodness of the linear fit between PCs and Chl-a time-series. n.s.: not significant
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Figure 4: Phenology of equatorial surface properties associated with NTAM (left panels) and AZM (right
panels) EOF modes of JJA interannual Tropical Atlantic SSTA. 3-month running-mean of SST, surface wind,
SSH, and Chl-a interannual anomalies from preceding winter (DJF) to following winter (NDJ) are regresses
onto the standardized PCs (shown in Fig.3ef) and averaged within [3°S-3°N]. SSTA (color shading, °C) and
surface winds anomalies (arrows, m.s-1) associated with JJA NTAM and AZM are displayed on top panels.
On bottom panels, same for Chl-a (color shading, mg.m-3) and SSH (contours, cm) interannual anomalies.
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