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Abstract The objective of this study is to compare the characteristics of the oceanic teleconnection with
the linear equatorial dynamics of two upwelling systems along the southwestern South American and Afri-
can continents at subseasonal time scales (<120 days). Altimetric data analysis shows that the coastal vari-
ability remains coherent with the equatorial signal until 278S in the southeastern Pacific (SEP), while in the
southeastern Atlantic (SEA) it fades out south of 128S. To explain this striking difference, our methodology is
based on the experimentation with twin regional model configurations of the SEP and SEA Oceans. The esti-
mation of free Coastal-Trapped Waves (CTWs) modal structures and associated contribution to coastal vari-
ability allows inferring and comparing the characteristics of each CTW mode in the two systems;
namely, their forcings, amplitude, dissipation rate, and scattering. Results show that the Pacific subsea-
sonal equatorial forcing is only 20% larger than in the Atlantic, but important differences in the relative
contribution of each baroclinic mode are reported. The first baroclinic mode dominates the eastern
equatorial Pacific variability, while in the eastern equatorial Atlantic, the second mode is the most ener-
getic. This leads to a drastic increase in the dissipation and scattering of the remotely forced CTW in
the SEA sector, compared to the coastal SEP. Concomitantly, south of 158S, the subseasonal coastal
wind stress forcing is substantially more energetic in the SEA and participates in breaking the link
between the equatorial forcing and the coastal variability. Our results are consistent with the solutions
of a simple multimode CTW model.

Plain Language Summary The Humboldt and the Benguela upwelling systems are connected to
the equatorial variability. Part of the incoming eastward equatorial wave energy is transmitted southward
along the South American and African coasts as Coastal-Trapped Waves, where they imprint on the ecosys-
tem variability. At subseasonal time scales (<120 days), altimetry reveals that the coastal variability remains
coherent with the equatorial signal until 278S in the southeastern Pacific, while in the Atlantic counterpart it
fades out south of 128S. To explain this striking difference, we compare the characteristics of coastal waves
between the two systems: their forcing at the equator, their dissipation and scattering along their propaga-
tion, and the energization by the coastal wind stress. We use a variety of ocean models of different com-
plexity ranging from regional general circulation models to simple linear coastal models. Results show that
the difference between the two systems regarding the connection with the equatorial variability can be
attributed to the distinct characteristics of their equatorial forcing. The latter favors fast and weakly dissipa-
tive coastal wave in the Humboldt. Off southwestern Africa, the equatorially-forced coastal-trapped waves
dissipate at �138S and the subseasonal coastal wind stress forcing which is energetic south of 158S, partici-
pates in breaking the link between the equatorial and coastal variabilities.

1. Introduction

Along the coasts of Peru/Chile and Angola/Namibia, the westward-moving surface waters, driven by the
prevailing equatorward alongshore winds (Bakun & Nelson, 1991; Tomczak & Godfrey, 1994), allow cold and
nutrient-rich water to rise up from the subsurface forming the two major Eastern Boundary Upwelling Sys-
tems (EBUS) of the Southern Hemisphere: the Humboldt and the Benguela upwelling systems. Hence, the
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coastal southeastern Pacific (SEP) and southeastern Atlantic (SEA) Oceans’ marine ecosystems are among
the most productive and most exploited in the world (Carr, 2002; Carr & Kearns, 2003; Chavez & Messi�e,
2009). These ecosystems undergo significant variability at a wide range of frequencies from submonthly to
interannual and decadal time scales (Belmadani et al., 2012; Dewitte et al., 2011; Goubanova et al., 2013;
Hagen et al., 2001; Junker et al., 2017; Narayan et al., 2010; Pietri et al., 2013; Pizarro et al., 2002; Tim et al.,
2015) which substantially impacts the marine resource availability (Echevin et al., 2014; Gomez et al., 2017;
Gonzalez et al., 2015; Shannon & O’Toole, 2003; van der Lingen et al., 2006). We focus here on the energetic
coastal fluctuations at subseasonal time scales (�2–120 days), whose signature in Sea Level Anomalies
(SLAs) and Sea Surface Temperature (SST) recurrently exceeds 610 cm and 628C respectively within the
�100 km coastal fringe, adequate for detection using remote satellite observations.

In these EBUS, the coastal subseasonal variability can be associated with the strong oceanic intrinsic vari-
ability, characterized by a large variety of mesoscale and submesoscale features (eddies, filaments, and
fronts), observed on the distribution of the physical (Chaigneau et al., 2009; Chelton et al., 2011; Morrow
et al., 2004) and biogeochemical tracers (Correa-Ramirez et al., 2007; Gruber et al., 2011; Mahadevan, 2014;
Marchesiello & Estrade, 2007; Stramma et al., 2013). It is primarily originating from baroclinic instabilities,
associated with strong horizontal and vertical shear of the alongshore-current system (Penven et al., 2005).
In both systems, these fine scales structures are commonly associated with surface eddy kinetic energy
>100 cm2 s22, strong SLA and surface thermal gradients. At a regional scale, subseasonal wind events also
trigger significant variations in the upwelling intensity and force poleward-propagating Coastal-Trapped
Waves (CTWs). In particular, recent studies showed that in both systems, the subseasonal SST variability,
peaking in austral summer, is mainly controlled by alongshore surface winds and heat-flux fluctuations
(Bachèlery et al., 2016a; Dewitte et al., 2011; Goubanova et al., 2013; Illig et al., 2014). The latter are associ-
ated with migratory atmospheric disturbances across the SEP and St Helena anticyclones.

A specific feature of the coastal SEP and SEA oceans is their relative proximity to the equatorial ocean with
a favorable coastal orientation. This makes them particularly sensitive to the oceanic equatorial dynamics
associated with eastward propagation of energetic equatorial waves, triggered by trade wind modulation in
the western part of the basin (Cravatte et al., 2003; Dewitte et al., 1999, 2003; Illig & Dewitte, 2006, Illig et al.,
2004, 2006; Kessler et al., 1995; Rouault et al., 2007). At periods shorter than 2 weeks, mixed Rossby gravity
waves dominate the equatorial forcing, while at longer time scales the equatorial connection is mostly due
to incoming Equatorial Kelvin Waves (EKWs; Clarke, 1983; Enfield et al., 1987). Upon reaching the eastern
basin boundary, part of the equatorial wave energy bounces back along the equatorial waveguide into
westward propagating equatorial Rossby waves, while part of incoming energy is transmitted southward
along the southwestern coasts of Africa and South America as CTW (Clarke, 1983; Enfield et al., 1987; Moore,
1968). According to the theoretical critical latitude (Clarke & Shi, 1991), at subseasonal frequencies, these
coastal waves are trapped along the coast from 58S (Goubanova et al., 2013; Illig et al., 2014). In this regard,
the coastal fringe of the SEP and SEA Oceans can be considered as an extension of the equatorial
waveguide.

Using observational data and model outputs, convincing elements have been presented for Kelvin wave
propagations from the equator to the coast in the SEP, mostly at interannual time scales and especially dur-
ing El Ni~no events (Jacobs et al., 1994; Meyers et al., 1998; Vega et al., 2003). Similarly, in the tropical Atlantic,
Grodsky and Carton (2006), Rouault et al. (2007, 2018), and Imbol Koungue et al. (2017) have found coher-
ent interannual variations of SLA in the equatorial Atlantic and the SEA, which are supported by modeling
studies (Bachèlery et al., 2016a, 2016b). Further evidence, using SST observations (Picaut, 1983) and tide
gauges records (Aman et al., 2007), were also presented in support of interannual coastal wave propaga-
tions in the SEA. At subseasonal time scales, SLA data (from altimetry or tide gauges) and current meter
measurements, also suggest a clear connection between the equatorial forcing and the coastal variability
along the edges of southwestern South American (Clarke & Ahmed, 1999; Enfield et al., 1987; Hormazabal
et al., 2002; Leth, 2000; Pizarro et al., 2001, 2002; Shaffer et al., 1997) and African (Goubanova et al., 2013;
Polo et al., 2008; Schumann & Brink, 1990) continents. The signature of equatorially forced intraseasonal
CTW can be observed in sea level measurement as far south as 308S off Chile with anomalies larger than
�10 cm (Hormazabal et al., 2002). These intraseasonal CTW have been shown to significantly amplify the
core flow of the Peru-Chile Undercurrent (Shaffer et al., 1997). In the SEA coastal region, the intraseasonal
remote oceanic forcing effect can be detected from altimetry only up to 108S–158S (Polo et al., 2008). Thus,
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at these frequencies, remotely forced CTW do not reach the Northern Benguela upwelling system
(Bachèlery et al., 2016a; Goubanova et al., 2013; Polo et al., 2008). As an illustration, Figure 1 shows the
coherence between coastal and equatorial variabilities at subseasonal time scales (�2–120 days, see section
2.1 for details on the filtering method) is estimated for both systems using altimetric data over the 2000–
2008 period. We computed the correlation between the eastern equatorial SLA and the coastal SLA, allow-
ing a lag to account for the coastal wave propagation delay. Results show that the subseasonal equatorial
signal remains coherent along the coasts of Peru/Chile up to 278S, in fair agreement with the results from
Hormazabal et al. (2002). Contrastingly, along the coast of western Africa, remotely forced subseasonal pole-
ward propagation are observed no further south than 128S, in agreement with Polo et al. (2008), Goubanova
et al. (2013), and Bachèlery et al. (2016a).

The objective of this study is to explain this striking difference between the two systems regarding the con-
nection with the equatorial variability (Figure 1). We document and compare the characteristics of the
remotely forced CTW propagations along the southwestern South American and African continents at sub-
seasonal frequencies. We specifically analyze the key elements of the linear CTW formalism (Brink, 1991;
Clarke & Van Gorder, 1986) that can explain such a difference between the two systems; namely, the

Figure 1. In color: maximum lagged correlation analysis (top scale) between 2000 and 2008 observed (AVISO) coastal (18

coastal band average) Subseasonal Sea Level Anomalies (SSLA) and observed equatorial SSLA averaged within 1058W–
958W; 18S–18N and 158W–58W; 18S–18N in (a) SEP and (b) SEA sectors respectively, as a function of latitude. Lags (in days)
are specified with color shading. A positive value indicates that equatorial variability leads. An absence of shading is indic-
ative of a nonstatistically significant correlation coefficient (at 95% level of confidence; Sciremammano, 1979) or to non-
monotonically increasing lags when going poleward. Dashed lines: coastal SSLA propagation velocity (m s21, bottom
scale). At each latitude, the maximum lagged correlation between coastal SSLA at this latitude and coastal SSLA within a
centered 78 latitudinal window is computed. For each 78-window, the linear regression coefficient that best fits the lag
estimation is calculated. Grey shading indicates error in the linear regression coefficient estimation.
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amplitude of the equatorial forcing, the dissipation of the CTW modes, and their scattering. Additionally,
the subseasonal coastal alongshore wind forcing is also analyzed in both systems, as its contribution is not
expected to be in phase with the equatorially forced CTW signal and can thus result in a loss of coherence
between coastal and equatorial variabilities. Given the lack of an adequate observation network in the two
systems, our approach relies on the numerical experimentation with twin regional ocean general circulation
model configurations of the southeastern Pacific and Atlantic Oceans. We benefit from the CTW amplitude
extraction methodology developed in the companion paper (Illig et al., 2018), which showed good skills in
estimating CTW characteristics from regional ocean models. Our results will be tested using sensitivity
experiments with twin configurations of a simple multimode linear CTW model of the two coastal systems.

The paper is structured as follows: section 2 introduces the model configurations and the methodologies.
The twin regional ocean general circulation model configurations of the southeastern Pacific and Atlantic
Oceans are briefly presented, along with the multimode CTW linear model simulations. We further describe
the sensitivity experiments carried out in order to determine to which extent the subseasonal alongshore-
current and sea level coastal variability can be accounted for by equatorially remote-forced or locally wind-
forced CTW response. Section 3 is devoted to the analysis and the intercomparison of the CTW characteris-
tics (phase speed, magnitude, forcings, dissipation, and scattering) in the southeastern Atlantic and Pacific
systems. The last section includes a discussion of the results, followed by concluding remarks and perspec-
tives to this work.

2. Model Configurations and Methodologies

2.1. Climatologies and Anomalies
For the purpose of this study, monthly mean climatologies are estimated over the 2000–2008 period. They
are then interpolated onto a daily time axis using cubic splines.

In order to isolate the subseasonal variability, we use the methodology of Goubanova et al. (2013), Illig et al.
(2014), and Bachèlery et al. (2016a). Subseasonal anomalies are estimated as the departure from the monthly
1–2–1 weighted average time series. To ensure that no seasonal cycle remains, the monthly mean climatology
is also removed. In agreement with Goubanova et al. (2013), submonthly and intraseasonal variability are iso-
lated using a 2–30 days and 30–90 days band-pass Lanczos filter (Duchon, 1979) applied to the subseasonal
anomalies. Examples of filtered time series can be found in Goubanova et al. (2013, their Figure 3).

2.2. Subseasonal Equatorial Forcing
Five day averages of SODA 2.1.6 model outputs (Carton & Giese, 2008) are used to quantify the oceanic sub-
seasonal equatorial forcing, responsible for triggering CTW propagations. Note that the coarse temporal res-
olution of SODA forcing at our disposal prevents the analysis of periods lower than 10 days, and in
particular the role of mixed Rossby gravity waves on coastal variability (Enfield et al., 1987).

Eastward propagating EKW amplitudes are estimated using a modal decomposition of the variability (pres-
sure and zonal current). Contributions of the first four EKW modes in the eastern equatorial Pacific and
Atlantic Oceans are estimated over the 2000–2008 period by deriving baroclinic mode structures from sea-
sonally and zonally slow-varying stratification over which pressure and zonal current anomalies are pro-
jected (Illig et al., 2004). Baroclinic mode contributions are then projected onto the theoretical meridional
structures of EKW, accounting explicitly for the coastal boundary near the equator in the Gulf of Guinea
(Cane & Sarachik, 1979). EKWs are expressed in terms of the amplitude of contribution to equatorial Subsea-
sonal Sea Level Anomalies (SSLA).

2.3. ROMS Model Twin Configurations
In order to infer and compare the CTW subseasonal characteristics along the coasts of Peru/Chile and south-
west Africa, we used the twin regional ocean general circulation model configurations of the southeastern
Pacific (from 408S to 128N, from 958W to the South American coast) and the southeastern Atlantic (from
308S to 78N, from 108W to the African coast) developed in the companion paper (Illig et al., 2018). Numerical
simulations at 1/128 with 37 sigma vertical levels were performed with the Regional Ocean Modeling Sys-
tem (ROMS; Shchepetkin & McWilliams, 2005) version 3.1 (www.romsagrif.org). Control Run simulations
(ROMSCR) are forced by 5 day averages of SODA 2.1.6 reanalysis Open lateral Boundary Conditions (OBCs),
0.58 3 0.58 daily QuikSCAT surface wind stress (Blanke et al., 2005), and bulk formulae (Kondo, 1975) using
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daily heat and water surface fluxes from ERA-Interim reanalysis (Dee
et al., 2011). Simulations were performed over the 2000–2008 period,
during which daily averages of temperature, salinity, currents, and sea
surface height were stored.

In the companion paper (Illig et al., 2018), the realism of our twin con-
figurations has been evaluated based on a comparison with available
satellite and in situ observations. Results show a good representation
of the mean state and subseasonal variability. Similar to the altimetric
analysis presented in the introduction (Figure 1), the connection with
the equatorial signal at subseasonal time scales is investigated
in ROMS solutions by estimating the lagged-correlation between
ROMSCR coastal SSLA and the equatorial variability in the SODA reanal-
ysis at the western boundary of our model domains (Figure 2). Results
show that the model is in good agreement with the observations,
showing a poleward continuation of the equatorial signal up to 298S
in the SEP and 158S in the SEA. There are also consistent propagating
lags between model and observations that are in agreement with the
propagation phase speed estimated in former studies.

2.4. Numerical Experiment Descriptions
Similar to Illig et al. (2014) and Bachèlery et al. (2016a), sensitivity experiments were carried out for both
configurations. The purpose is to isolate the propagation of equatorially remote-forced CTW from the
impact of the local surface atmospheric forcing variability. These experiments only differ by the surface
boundary forcings (wind, wind stress, and heat/freshwater bulk formula fields) which are daily maps in
ROMSCR experiments (cf., section 2.3) or monthly climatologies in ROMS Equatorial experiments (ROMSEQ).
Hence, within ROMSEQ configuration, assuming some linearity, SEP and SEA subseasonal variability is only
impacted by the oceanic remote equatorial connection, while ROMSCR is the benchmark experiment in
which remote and local forcings are concomitantly at work. Notably, Bachèlery et al. (2016a, 2016b)
highlighted the importance of the local atmospheric forcing in the Gulf of Guinea that forces EKW, which in
turn trigger CTW that modulate SEA coastal variability. Therefore, ROMSEQ

SEA experiment was designed such
as the surface atmospheric forcing remains daily in the Gulf of Guinea (north of 48S and west of 28E; to
reduce spurious wind stress curl, a gradual (linear) 28-width transition zone is set up between climatological
forcing area and the regions where total daily fields are prescribed), while monthly climatological surface
atmospheric fields are prescribed elsewhere. Experiment setups and labels are summarized in Table 1.

In order to illustrate the contribution of the equatorial forcing (as simulated by ROMSEQ) to the coastal
SLA variability (simulated in ROMSCR) in both systems, Figure 3 presents the ratio of coastal SLA variance of
ROMSEQ to ROMSCR (shading) and the explained variance of ROMSEQ relative to ROMSCR (dashed lines).
EXPvar, defined as

10021003
var ROMSEQ2ROMSCR
� �

var ROMSCRð Þ

� �
(1)

quantifies the proportion to which ROMSEQ is actually in phase and
accounts for the variations of the ROMSCR, as opposed to variabilities
induced by the wind-forcing and model intrinsic non-linearities. At
submonthly time scales (grey color in Figure 3) and in the SEP, ROM-
SEQ coastal SLA variance does not exceed 25% of ROMSCR coastal SLA
variability and its explained variance is almost zero. As reported in Illig
et al. (2014), the local atmospheric forcing is thus instrumental in
shaping the coastal submonthly variability in the Humboldt system.
Contrastingly, in the SEA, a greater amount of the submonthly vari-
ability (�50%, along the coast of Angola) is explained by the remote
equatorial forcing. Sensitivity experiments to the atmospheric forcing
in the equatorial band (not shown) showed that this variability is

Figure 2. Maximum lagged correlation between ROMSCR coastal (0.58 width
band) SSLA and SODA equatorial SSLA as a function of latitude. Plain (dashed)
line is for the SEP (SEA) coasts, with equatorial SSLA averaged within 1058W–
958W (158W–58W); 18S–18N. Lags (in days) are specified with color shading.
A positive value indicates that equatorial variability leads. An absence of
shading is indicative of a nonstatistically significant correlation coefficient
(at 95% level of confidence; Sciremammano, 1979) or to nonmonotonically
increasing lags when going poleward.

Table 1
Description of ROMS Experiments: Domain, Name, Open Lateral Boundary
Conditions (OBCs), Surface Forcing Specifications

Domain EXP-name OBC Surface forcing

Southeastern
Pacific (SEP)

ROMSCR
SEP Total Total

ROMSEQ
SEP

Total Monthly climatologies

Southeastern
Atlantic (SEA)

ROMSCR
SEA Total Total

ROMSEQ
SEA

Total Total within 48S–78N;
108W–48E and monthly
climatologies elsewhere
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predominantly forced in the Gulf of Guinea, and associated with first baroclinic mode EKW, in agreement
with Figure 12 of Goubanova et al. (2013). Intraseasonal variability (blue color in Figure 3) also exhibits a dif-
ferent behavior in the two basins. In the SEP, while the level of coastal intraseasonal SLA variability remains
similar in ROMSEQ and in ROMSCR simulation along the coast of Peru, the explained variance associated with
the remote equatorial forcing peaks only at �50% of ROMSCR variance. Further poleward, ROMSEQ

SEP intrasea-
sonal variability gradually decreases and explains less than 10% of ROMSCR

SEP coastal intraseasonal SSH vari-
ability along the Chilean coast, constantly with the results of Shaffer et al. (1999) and Belmadani et al.
(2012). This suggests that from 58S to 258S the local atmospheric forcing modulates the coastal variability,
while further south it constitutes a source of intraseasonal variability, in agreement with Hormazabal et al.
(2001), Illig et al. (2014), and Gomez et al. (2017). In the SEA, ROMSCR

SEA intraseasonal variability level and the
associated explained variance are maximum close to the equator and decrease poleward. In the Benguela
upwelling system, the remote equatorial forcing triggers less than 50% of the coastal intraseasonal variabil-
ity and explains only �20% of ROMSCR

SEA intraseasonal variability. In agreement with Goubanova et al. (2013)
and Bachèlery et al. (2016a), this suggests that in the SEA the local atmospheric forcing triggers a significant
part of the intraseasonal coastal SLA variability.

2.5. CTW Contribution to Subseasonal Coastal Variability
A decomposition of the ROMS subseasonal coastal variability into free CTW modes is performed following
the new methodology developed and described in the companion paper (Illig et al., 2018). At all cross-
shore sections along the southwestern African and South American continents, every 1/128, CTW modal
structures of the first four free CTW modes are derived using ROMS mean (2000–2008) stratification and
topography by applying the Brink and Chapman (1987) Coastal-Trapped Wave programs. Subseasonal
model pressure anomalies are then projected onto these structures based on the modal structure orthonor-
mal conditions (Brink, 1989). As described in the companion paper (Illig et al., 2018), this methodology has
shown good skills in estimating CTW characteristics in both systems. In this paper, CTW are expressed in
terms of their contribution to subseasonal SLA and alongshore-current anomalies.

Figure 3. Equatorial remote forcing contribution to coastal SLA (averaged within 0.58 coastal fringe) variability sub-
monthly (grey) and intraseasonal (blue) time scales as a function of latitude in the (top) SEP and (bottom) SEA. Colored
shading represents the ratio of variance between ROMSEQ and ROMSCR SLA, while dashed lines show the explained vari-
ance of ROMSEQ with respect to ROMSCR (in %, cf., equation (1)).
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Results of this analysis will provide useful information to compare the
characteristics of each subseasonal CTW mode in both systems in
order to explain the differences in the coastal variability regarding the
consistency with the equatorial variability (Figures 1 and 2). We will
then discuss our results in the light of the multimode linear CTW
model simulations carried out for the two coastal systems and
described in the following section.

2.6. Linear CTW Simulations
In both systems, simulations with the linear coastal model (LCM) twin
configurations of the southeastern Pacific and the southeastern Atlan-
tic developed in the companion paper (Illig et al., 2018) have been
carried out, following the algorithm of Clarke and Van Gorder (1986).

LCM consists in the propagation of the four gravest CTW modes, whose amplitude varies along the coast
and in time (/n y; tð Þ) and satisfies

/nð Þy2
1
cn

/nð Þt1ann/n5bns
A2
X11
m51
m6¼n

amn/m (2)

where subscripts y and t represent partial differentiation. Model parameters, namely, CTW phase speed (cn),
frictional decay coefficient (ann), frictional coupling coefficient (a mn

n6¼m
), and wind projection coefficient (bn) are

derived using the CTW modal decomposition outputs (eigenvalues and eigenfunctions, cf., section 2.5) fol-
lowing the formulae from Clarke and Van Gorder (1986) which are recalled in the companion paper (Illig
et al., 2018). They vary latitudinally with the wave propagation. Alongshore subseasonal wind stress forcing
(sA y; tð Þ) comes from daily QuikSCAT product (Blanke et al., 2005). SEP and SEA coastal waveguides are sam-
pled every �5 km and model parameters remain uniform for each 0.58 length of coastal section. CTW are
forced at the equator by the 5 day SODA EKW mode subseasonal contributions (see section 2.2).

Sensitivity experiments to the model parameters and alongshore subseasonal wind stress forcing were con-
ducted. In LCMEQ

noDISS experiment, CTW modes are forced at the equator and propagate freely to the southern
boundary of LCM domains, without dissipation (amn50) and local wind stress forcing (bn50). In LCMEQ

noSCAT

and LCM EQ frictional dissipation (ann 6¼ 0) and scattering (a mn
n6¼m
6¼ 0) are subsequently introduced in the LCM

(equation (2)). LCMCR is the most realistic experiment in which frictional dissipation, coupling between
modes and coastal wind stress forcing are at work. Experiment setups and labels are summarized in Table 2.

3. Results: Intercomparison of the CTW Dynamics in SEP and SEA

Our main purpose is to explain the similarities and differences between SEP and SEA systems regarding the
connection with the equatorial variability at subseasonal time scales. The analysis of altimetric data (Figure 1)
and ROMSCR outputs (Figure 2) clearly highlights that equatorially forced CTW can be tracked up to �308S in
the Humboldt Current system (SEP). In contrast, in the SEA, the consistency with the equatorial dynamics
fades at �128S, off central Angola. To explain this difference, we will analyze the equatorial forcing, and com-
pare between each basin, the characteristics of CTW propagations (vertical structures, phase speed, amplitude,
dissipation rate, and modal scattering). We will also address the role of the local wind stress forcing.

3.1. Remote Equatorial Forcing Characteristics
First, this difference in the subseasonal coastal dynamics between the two basins might be directly linked
to the amplitude of the equatorial forcing in the eastern equatorial Pacific (EEP) and Atlantic (EEA). There-
fore, we compare the amplitude of the subseasonal EKW modes between the EEP (averaged within 1058W–
958W; 18S–18N, Figure 4a) and the EEA (averaged within 58W–58E; 18S–18N), Figure 4b) sectors. Since most of
the equatorial variability projects on the gravest baroclinic modes (Dewitte et al., 1999; Illig et al., 2004), we
have quantified the EKW contribution to SSLA of the first three baroclinic modes (cf., section 2.2). These
modes are expected to propagate farther, as they are faster and less dissipative than higher-order modes.
We have computed the root-mean-square (RMS) of individual EKW and their summed-up contribution at
subseasonal frequencies (see white histograms in Figure 4). Results show that there is no striking difference
in the amplitude of the total propagating subseasonal equatorial variability between the two sectors. In the

Table 2
Description of LCM Experiments Conducted With SEP and SEA Configurations:
Name, Equatorial Forcing, Alongshore Wind Stress Forcing (ASWS), and Wave
Dissipation/Scattering Specifications

EXP-name
EKW

forcing
ASWS

forcing Dissipation Scattering

LCMEQ
noDISS Total None No No

LCMEQ
noSCAT Total None Yes No

LCMEQ Total None Yes Yes
LCMCR Total Total Yes Yes
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EEA, the SSLA RMS of the summed-up contribution of the three gravest EKW modes is only 20% smaller
than in the EEP. However, the contribution of each baroclinic mode is distinct in the two basins. In the EEP,
the first baroclinic mode is the most energetic (explaining 27% of the EEP SSLA), while the second baroclinic
mode carries less energy than the third one (in agreement with Dewitte et al. (2008)). In the EEA, the second
baroclinic mode is dominant (explaining 35% of the EEA SSLA; in agreement with Illig et al. (2004)) and its
RMS is 1.6 times larger than in the EEP. The first and third EKW modes are considerably weaker in the EEA
than in the Pacific counterpart, their amplitude being half that of the ones in the EEP. These distinct distri-
butions of the EKW contributions between the two basins remain almost the same at submonthly and intra-
seasonal time scales (grey and blue histograms in Figure 4).

In conclusion, the subseasonal equatorial forcing is not substantially stronger in the EEP compared to the
EEA, to explain the 158 difference observed between the two systems in the maximum latitude at which the
coastal variability remains consistent with the equatorial forcing (Figures 1 and 2). But important differences
exist in the amount of energy carried by the first two baroclinic modes which may explain the distinct
coastal dynamics of each system. This will be investigated in the following sections by comparing the CTW
characteristics of each mode between the two basins.

3.2. CTW Modal Structures
We compute CTW modal structures along the coasts of Peru/Chile and Western Africa. Their shape, deter-
mined by ROMS cross-shore topography and mean offshore stratification profile (companion paper Illig
et al., 2018), controls the amplitude of critical CTW parameters (wave speed, dissipation, and wind projec-
tion coefficient, section 2.6). In this context, the Burger number S (Huthnance, 1978), defined as S5a�N=f ,
provides a measure of the relative importance of the cross-shore topography slope (a), the mean offshore
stratification (�N), and the Coriolis force (f). For S2 � O 1ð Þ, CTW are affected by the stratification and respond
baroclinically. Small S2 values (S2 � 1) correspond to waves affected mainly by topography and approach
barotropic continental shelf waves (Brink, 1987). Given the differences in bathymetry and stratification
along the coasts of SEP and SEA (Figure 5 and Table 3), differences in CTW modal structures are expected.
In the SEP, the mean stratification (averaged within the upper 3,000 m) remains constant (0.22–0.23 s21)
along the coast of South America (blue line in Figure 5a). In the SEA, �N slightly decreases from 0.25 s21 at
58S to 0.22 s21 at 168S and remains constant further south (blue line in Figure 5b). The most drastic differ-
ence between the two regions lies in the shape of the coastal bathymetry. In the SEP, the bathymetry is
steeper than in the SEA, frequently exceeding 5,000 m depth within the first 150 km offshore. The gradients
of the continental slope are maximum between 3,000 and 4,000 m depth, with an average (between 58S
and 388S) of �85 m km21, peaking up to 140 m km21 along the coast of Northern Chile. In the SEA sector,
the slope is substantially gentler. The gradients are maximum between 1,000 and 2,000 m depth, �18

Figure 4. Histogram of SODA Equatorial Kelvin Wave (EKW) SLA root-mean-square (RMS, in cm) for the three gravest
baroclinic modes and their summed-up contribution in (a) the eastern equatorial Pacific (EEP, averaged within
1058W–958W; 18S–18N) and (b) in the eastern equatorial Atlantic (EEA, averaged within 58W–58E; 18S–18N) for subseasonal
(white), intraseasonal (blue), and submonthly (grey) time scales. For each frequency band and each baroclinic mode, the
percentage listed corresponds to the explained variance of the EKW SLA contribution to SODA subseasonal SLA
(in %, cf., equation (1)).
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m km21 on average between 58S and 278S. The 3,000 m isobath is situated at �200 km offshore north of
138S and south of 188S. Notably, steeper slopes (>60 m km21) are observed north of the Angola Benguela
Frontal Zone (ABFZ) between 138S and 178S. To summarize and compare coastal bathymetric profiles on
the shelf and slope of both regions, we defined a topographic slope index (a3; 000) as the ratio between
the depth 3,000 m and the distance from the coast at which the 3,000 m isobath is encountered
(a300053; 000=L3000). a3; 000 portrays the bathymetric profiles described previously (black line in Figure 5).
The combined effect of stratification, topography, and latitude (through f) affecting the CTW nature are
then quantified through the estimation of S2. Results show that large values of S2 are encountered along
the SEP coast (Figure 5a), especially off central Peru. Lower S2 values are estimated along Southwest Africa
and in particular in the Northern Benguela upwelling system (Figure 5b). Increasing latitude also favors
small S2 values associated with barotropic structures (Brink, 1982), especially along the South Chilean coast.

Pressure modal structures of the four gravest CTW modes are derived from ROMS mean stratification and
topography along the southwestern coasts of the South American and African continents (cf., section 2.5).

Figure 5. Parameters controlling CTW vertical structures in function of latitude along the coasts of the (top) SEP and (bot-
tom) SEA Oceans. a is representative of the shelf-slope gradient (black lines, a300053; 000=L3000, where L3000 is the dis-
tance between the coast and the 3,000 m isobath, unit is m km21, black left scale). �N is the mean buoyancy frequency
averaged within the upper 3,000 m (blue lines, unit is 1022 s21, blue left scale). S25 a�N=fð Þ2 is the squared Burger number
(red lines, unitless, red right scale). To better visualize S2 � 1 and S2 � 1, we use a log 2 vertical scale. Red and blue shad-
ings correspond to S2 values larger and lower than 1.

Table 3
Parameters Controlling CTW Vertical Structures at 168S and 278S Along the Coasts of Southwestern South America and
Africa

Sector Latitude (8S) f (1025 s21) �N (1024 s21) L3000 (km) a (m km21) S2

SEP 16 24.0 22.8 59.64 50.3 8.22
27 26.6 22.9 58.37 51.4 3.06

SEA 16 24.0 22.05 101.8 29.5 2.62
27 26.6 22.02 227.8 13.2 0.19

Note. f is the Coriolis frequency at the coast, �N is ROMS mean (2000–2008) buoyancy frequency averaged within the
first 3,000 m, L3000 is the distance between the 3,000 m isobath and the coast, a is representative of the shelf-slope gra-
dient (a300053; 000=L3000), and S25 a�N=fð Þ2 is the squared Burger number.
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Examples of CTW pressure structures are shown in Figures 3 and 12 of the companion paper (Illig et al., 2018)
for cross-shelf sections along the Peruvian (168S) and Namibian (278S) coasts. According to the Burger number
estimations associated with the deep and steep bathymetry along the Peruvian/Chilean coasts (Figure 5), the
CTW modal structures are baroclinic, with isopleths slanting outward. The modal structure and phase velocity
of the gravest CTW mode approach the characteristics of a deep ocean internal Kelvin wave (consistently with
Brink (1982)). Conversely, in the Benguela upwelling system, modal structures show nearly vertical isopleths
over the shelf and slope, consistent with nearly barotropic dynamics associated with small S2 values. Accord-
ingly, phase speed values are larger in SEA than in SEP and latitudinal variations of the phase speed (Figure 4
of the companion paper (Illig et al., 2018)) are inversely proportional to S2 values.

3.3. CTW Mode Contribution to Coastal Subseasonal Variability
By projecting ROMS pressure subseasonal anomalies onto the CTW modal structures, we estimate the
amplitude of the first four CTW modes (cf., section 2.5), following the methodology validated in the com-
panion paper (Illig et al., 2018). The contribution of each CTW and their summed-up contribution to the
coastal SSLA and Subseasonal Alongshore Current Anomalies (SASCA) are quantified in the SEP and SEA.
Figures 7c and 7d of the companion paper (Illig et al., 2018) present the coastal SSLA RMS of the first four
CTW modes. Here Figure 6 presents their explained variance relative to the coastal SSLA and SASCA

Figure 6. CTW mode contribution (explained variance in %, cf., equation (1)) to SSLA and SASCA along the coasts of the (top) SEP and (bottom) SEA Oceans.
(a/e) The explained variance of the first CTW mode contribution to model SSLA, as a function of the distance from the coast (km) and the latitude. (b/f) The
explained variance of the second CTW mode contribution to model SSLA, as a function of the distance from the coast (km) and the latitude. (c/g, e/f) The explained
variance of the first three CTW modes and the summed-up contribution of the four gravest CTW modes to coastal SSLA (averaged within 0.58 coastal fringe) and
SASCA (averaged within 100 km/200 m depth coastal fringe), respectively.

Journal of Geophysical Research: Oceans 10.1029/2017JC013540

ILLIG ET AL. REMOTE SUBSEASONAL COASTAL-TRAPPED WAVES 3951



variability. In agreement with the shape of the CTW modal structures, the maximum amplitude of the
modes is trapped at the coast. In both systems, the summed-up contribution of the four gravest CTW
modes explains more than 50% of the coastal SSLA variability (grey lines in Figures 6c and 6g), emphasizing
the importance of the subseasonal CTW dynamics in the coastal fringe. North of 78S (108S) in the SEP (SEA),
the alongshore-current dynamics is more complex and cannot be explained purely by the summed-up con-
tribution of the gravest CTW modes (grey lines in Figures 6d and 6h). Results also show that there are
important differences in the relative contribution of each CTW mode between the two basins. In agreement
with the characteristics of the remote equatorial forcing, CTW mode 1 is dominant in the SEP. It explains
more than 50% of the coastal (0–50 km) SSLA and SASCA variability over much of the coast (Figure 6a and
black line in Figures 6c and 6d), showing a local minimum near 88S. The contribution of the second CTW
mode remains very weak, except north of 68S, where its contribution is comparable to the one of the first
CTW mode (Figure 6b and red line in Figures 6c and 6d). In contrast, in the SEA, the second CTW mode is
the most energetic north of �138S, while poleward, the first CTW mode dominates the subseasonal coastal
variability (Figure 6 lower panels). These differences between the two systems in terms of the relative contri-
bution of each CTW mode are in agreement with the dynamics of the linear coastal model (cf., Figures 10c
and 10d and Figures 7a and 7b of the companion paper (Illig et al., 2018)).

In conclusion, the dynamics in the SEP is straightforward: the subseasonal equatorial forcing, consisting of
the dominant first EKW mode, is transmitted southward along the coasts of Peru/Chile as a first CTW mode.
This mode remains dominant along the entire coast of western South America, enabling a consistency with
the equatorial variability at high latitudes. In the SEA, the second EKW carries most of the subseasonal equa-
torial forcing. Its energy is transmitted poleward along the southwestern coast of Africa as a second CTW
mode. However, its contribution to the coastal subseasonal variability drastically diminishes between 128S
and 158S, where CTW mode 1 amplitude increases. This transition in the dominance between the two grav-
est CTW modes corresponds exactly to the latitude where the connection between coastal and equatorial
variabilities fades out (Figures 1b and 2). In the following section, we will investigate the processes that
explain the fading of the SEA second CTW mode.

3.4. CTW Frictional Dissipation
Along their propagations, CTW modes experience dissipation and scattering due to bottom friction (equa-
tion (2)). CTW frictional decay coefficients (ann) and frictional coupling coefficients (a mn

n6¼m
) are estimated in

the SEP (Figures 7a and 7b) and SEA (Figures 7c and 7d), based on CTW eigenfunction values (cf., Clarke &
Van Gorder, 1986 and equation (7) of the companion paper (Illig et al., 2018)). Coefficients are represented
using a matrix, such as the amplitude of a given CTW mode of order n will be affected by the amplitude of
a mode of order m through the frictional coefficient amn (equation (2)). Diagonal elements are the frictional
decay coefficients (ann). Coefficients have been averaged over 58 latitudinal bands, within 58S–108S, where
CTW mode 2 is dominant in the SEA, and further south within 208S–258S, where the contribution of SEA
CTW mode 1 becomes dominant. Results show that in both systems and at all latitudes along the coasts,
higher-order CTW modes dissipate more strongly than gravest modes (diagonal values in Figure 7). Also, for
each CTW mode the dissipation is stronger in the SEA than in the SEP (average within 58S–258S, not shown).
As a consequence, the SEA dominant CTW mode 2 which carries the equatorial forcing signal will dissipate
considerably faster than the SEP remotely forced CTW mode 1. Between 58S and 108S, the alongshore decay
scale of the second CTW mode (a21

22 ) in the SEA is 714 km, while in the SEP, a21
11 is equal to 2,564 km.

This suggests that CTW frictional dissipation may explain the early fading of the coherence between coastal
and equatorial subseasonal variabilities in the SEA compared to the SEP sector. This hypothesis is further
tested out using the SEP and SEA linear coastal model configurations (cf., section 2.6). We performed two
sensitivity experiments (cf., Table 2) in which subseasonal CTW are forced at the equator but are not
impacted by the coastal wind stress forcing (bn50 in equation (2)). They differ by the way friction affects
CTW propagations: LCMEQ

noDISS is the frictionless case (ann5a mn
n6¼m

50 in equation (2)) and in LCMEQ
noSCAT , CTW dis-

sipate along their propagation (ann 6¼ 0) without modal scattering (a mn
n6¼m

50). In these experiments, Figure
8 shows the contribution of the CTW modes to the coastal SSLA. The latitudinal variations of the CTW eigen-
functions (Fn x50; z50ð Þ) are thus superimposed on top of the variations of the amplitude of the modes
(/n), which can give the false impression that CTW modes dissipate less in the SEA than in the SEP. As
expected, in the frictionless case (not shown), CTW propagate straightforwardly up to the southern bound-
ary of both domains. In agreement with the equatorial forcing characteristics (Figure 4), in the SEP (SEA),
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CTW mode 1 (2) remains the most energetic all along the coast. The coherence between coastal and equa-
torial variabilities remains strong up to 408S (308S) in the SEP (SEA). When introducing the CTW linear dissi-
pation, the amplitude of the weakly dissipative first CTW mode remains strong all along the coasts of both
basins (black lines in Figures 8a and 8b), while the amplitude of the higher-order modes decreases rapidly,
in particular in the SEP. There, the coherence with the equatorial variability, estimated by the maximum lag
correlation between equatorial SSLA forcing (summed-up contribution of the 4 CTW modes) and the LCM
coastal SSLA, remains prominent until the southern boundary of the model domain. In the SEA, CTW mode
2 energy decreases along its propagation, to reach the level of the amplitude of the first CTW mode around
158S, in agreement with ROMS solutions (Figure 6). The coherence with the equatorial forcing is high
(correlation> 0.7) until 308S, but lags are not monotonically increasing south of 198S (dashed line without
shading in Figure 8b). This latitude is however too far south compared to the 128S–158S latitude estimated
with altimetry (Figure 1).

3.5. CTW Modal Scattering Due to Bottom Friction
Bottom friction also triggers modal scattering (equation (2) and Clarke and Van Gorder (1986)) which can
contribute to the decrease in the consistency between coastal and equatorial variabilities. In Figure 7, the
largest values of frictional coupling coefficients a mn

n6¼m
are found below the diagonal of the frictional coefficient

matrix, implying that the magnitude of a given mode of order n will be affected by the amplitude of lower
order modes (m< n). As a result, in both systems, CTW mode 1 will hardly be impacted by higher-order
modes. In the Namibian upwelling system, the frictional coefficient matrix becomes symmetric (Figure 7d),
characteristic of barotropic CTW modal structures (see Clarke & Van Gorder, 1986, Appendix A.2). On aver-
age within 58S–258S, the modal scattering is stronger in the Atlantic than in the Pacific, for each CTW mode.

Figure 7. Frictional coefficients (anm, in 1028 cm21) along (a) North Peruvian (averaged within 58S–108S), (b) the North
Chilean (averaged within 208S–258S), (c) along North Angolan (averaged within 58S–108S), and (d) Namibian (averaged
within 208S–258S) coasts.
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This is all the more true in the SEA, where the remote forcing signal is dominated by the second CTW
mode. Its amplitude will be impacted by the amplitude of the first CTW mode (Figure 7c), which still
explains �25% of the coastal variability (Figure 6e).

The role of modal scattering in the loss of coherence between coastal and equatorial variabilities is quanti-
fied using the LCM. We conducted an additional sensitivity experiment, LCMEQ (Table 2), in which frictional
dissipation and scattering are at work (8n; 8m; amn 6¼ 0 in equation (2)). Compared to LCMEQ

noSCAT results
basins (Figures 8a and 8b), in LCMEQ the level of correlation between equatorial and coastal variabilities
decreases in both basins (Figures 9a and 9b). Concomitantly, the amplitude of CTW modes 2–4 increases.
Notably, in both basins, the amplitude of CTW mode 1 is barely affected by the scattering, except south of
348S (198S) in the SEP (SEA), where CTW modal structures become barotropic (Figure 5) and frictional cou-
pling coefficients increase (Figures 7b and 7d). The coherence with the equatorial forcing still remains
strong until 408S in the SEP, while it stops at 148S in the SEA, in agreement with the observations (Figure 1)
and ROMSCR simulation (Figure 2). Notably, scattering do not explain the increase of the first CTW mode in
the SEA south of �138S (Figure 6e).

So far, accounting for the differences in subseasonal equatorial forcing in each basin, CTW frictional dissipa-
tion and scattering explain the early fading of the connection between coastal and equatorial subseasonal
variabilities in the SEA compared to the SEP. However, these processes do not trigger the loss of coherence
between coastal and equatorial variabilities around 308S in the SEP (Figures 1 and 2) nor the increase of the
first CTW mode subseasonal variability south of �138S in the SEA. Since the local atmospheric forcing

Figure 8. LCMEQ
noSCAT CTW mode contribution to coastal (0.58 width band) SSLA (CSSLA) along the coasts of the (a) SEP and

(b) SEA. Root-mean-square of CTW modes 1–4 are in black, red, blue, and green plain lines, respectively. Unit is cm. Maxi-
mum lagged correlation between equatorial and coastal SSLA as a function of latitude, with monotonically increasing
lags (in day) is specified with color shading. A positive value indicates that equatorial variability leads.

Figure 9. Same as Figure 8 but for LCMEQ simulation.
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triggers a significant part of the subseasonal coastal variability (section 2.4 and Figure 3), we will now inves-
tigate its impact on the CTW dynamics.

3.6. Local Subseasonal Forcing Contribution
Along their propagations, CTW are also forced by subseasonal alongshore wind stress (equation (2)). Its vari-
ability is not expected to be phased with the equatorial forcing, which can decrease the coherence between
coastal and equatorial variabilities. The amplitude of the alongshore submonthly (grey) and intraseasonal
(blue) coastal wind stress variability is presented in Figure 10a, along the coasts of SEP (shading) and SEA
(dashed lines). Results show that subseasonal wind stress (summed-up contribution of submonthly and
intraseasonal fluctuations) is more energetic in the Atlantic than in the Pacific, in particular, south of 158S.
This is also true for submonthly and intraseasonal frequency bands taken separately.

Coastal wind stress energy is projected onto individual CTW modes according to the wind projection coeffi-
cient bn (equation (2)). The four gravest CTW wind projection coefficients (Figure 10 bottom) are estimated
in the SEP (bright colors) and in the SEA (light colors) based on CTW eigenfunction values (cf., Clarke & Van
Gorder, 1986 and equation (8) of the companion paper (Illig et al., 2018)). Similar to Figure 7, coefficients
have been averaged over 58 latitudinal bands; namely, within 58S–108S (Figure 10b), where CTW mode 2 is
dominant in the SEA and wind stress variability remains weak; within 158S–208S (Figure 10c), which is at the
transition between dominant CTW modes 2 and 1 in the SEA and where alongshore wind stress becomes
energetic; and within 258S–308S (Figure 10d), where the alongshore wind stress is energetic in both basins.

Figure 10. (a) Root-Mean-Square (RMS) of QuikSCAT alongshore wind stress (N m22) for subseasonal time scales in func-
tion of latitude along the coasts of the SEP (shading) and SEA (dashed lines) oceans. (b) Histogram of the wind projection
coefficient (bn, in 1022 (s cm)21/2) for the four gravest CTW modes in the southeastern Pacific (bright shading) and Atlan-
tic (light shading) Oceans, averaged within (left) 58S–108S, (middle) 158S–208S, and (right) 258S–308S.

Journal of Geophysical Research: Oceans 10.1029/2017JC013540

ILLIG ET AL. REMOTE SUBSEASONAL COASTAL-TRAPPED WAVES 3955



Results show that on average (58S–308S), wind projection coefficients are larger in the Atlantic than in the
Pacific for all the CTW modes. This has to be attributed to the shape of the cross-shore topography in the
coastal fringe that controls the nature of the CTW structures (cf., section 3.2). The shallower and gentler
bathymetry off southwestern Africa compared to the one in the SEP sector yield more barotropic CTW, asso-
ciated with larger wind projection coefficients especially south of 208S. This will all the more increase the
impact of the larger SEA subseasonal wind stress fluctuations onto the CTW propagation compared to the
SEP. Notably, where subseasonal coastal wind variability is strong (south of 258S [158S] in the SEP [SEA]),
local wind stress forcing will project preferentially onto the first CTW mode.

The role of the subseasonal wind stress forcing is further quantified in each system based on sensitivity
experiments with ROMS (Table 1) and LCM (Table 2) model. We compare coastal SSLA from simulations in
which no subseasonal wind stress forcing is prescribed (dashed line in Figures 11a and 11b for ROMSEQ and
Figure 9 for LCMEQ) to control run simulations (plain lines in Figures 11a and 11b for ROMSCR and Figures
11c and 11d for LCMCR). In agreement with the wind projection coefficients (Figures 10b–10d), model
results show that the alongshore wind stress primarily impacts the amplitude of CTW mode 1 in both
basins. Also, consistently with the subseasonal wind stress magnitude (Figure 10a), CTW mode 1 amplitude
is substantially increased south of 258S (158S) in the SEP (SEA) when adding the contribution of the local
atmospheric forcing. Notably, ROMS and LCM simulations agree well in that matter, showing comparable
amplitudes of CTW modes 1 and 2 (Figure 11). Furthermore, subseasonal coastal wind stress also impacts the
strength of the coherence between coastal and equatorial variabilities. The maximum lag-correlation coeffi-
cient is indeed considerably decreased from LCMEQ (Figure 9) to LCMCR (Figures 11c and 11d), in better agree-
ment with the observations (Figure 1). In LCMCR and ROMSCR (Figure 2), the coherence with the equatorial
variability remains significant until 308S (�148S) in the SEP (SEA), in agreement with the altimetry (Figure 1).
Finally, Figure 12 presents the SEP and SEA power spectrum analysis of ROMSEQ (lines) and ROMSCR (shadings)
CTW mode 1. The spectral density for long-wave coastal propagations is obtained by summing-up only the

Figure 11. (top) Root-mean-square of CTW mode contribution to coastal (0.58 width band) SSLA (CSSLA, cm) along the
(a) SEP and (b) SEA coasts for ROMSCR (plain lines) and ROMSEQ (dashed lines) simulations. CTW mode 1 is in black and
CTW mode 2 is in red. (bottom) Same as Figure 8, for LCMCR along the (c) SEP and (d) SEA coasts.
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long spatial scales (>58 in latitude) of a Hayashi (1982) space-time anal-
ysis (cf., Figure 10 of the companion paper (Illig et al., 2018)). Results
show that, in the SEP, the local atmospheric forcing primarily impacts
submonthly CTW mode 1 coastal SLA within the 10–20 day period (Fig-
ure 12a), while in the SEA it impacts a broader frequency band ranging
from submonthly to intraseasonal time scales (Figure 12b).

Hence, our results suggest that subseasonal wind stress forcing can
account for the increase in the amplitude of the first CTW mode south
of 258S (158S) in the SEP (SEA). It explains the loss of coherence
between the coastal variability and the equatorial forcing at �308S in
the SEP. In addition to the dissipation and scattering of the remotely
forced CTW mode 2 in the SEA, subseasonal wind stress forcing also
participates in the early decreasing of the equatorial teleconnection in
the SEA.

4. Conclusions and Discussion

In this paper, we have investigated the subseasonal poleward coastal
propagations in the southeastern Pacific and Atlantic Oceans. The
main objective is to explain the 158 difference between the two sys-
tems in the maximum latitude at which the coastal variability remains
consistent with the equatorial forcing, as observed from altimetry. Our

methodology is based on the experimentation with a combination of regional ocean general circulation
model simulations and simple linear CTW model simulations, for which twin configurations of the SEP and
SEA coastal oceans have been developed. We first quantified the amplitude of the subseasonal oceanic
forcing in both eastern equatorial basins in terms of eastward-propagating EKW. Results show that this forc-
ing is only 20% larger in the Pacific than in the Atlantic. However, we reported important differences in the
relative contribution of the different baroclinic modes: the first EKW mode dominates the EEP variability,
while in the EEA, EKW mode 2 carries a greater fraction of the subseasonal energy. Then, a decomposition
of ROMS model outputs into CTW contribution was performed following the methodology validated in the
companion paper (Illig et al., 2018). In both systems, the extracted CTW modes propagate at velocities close
to the theoretical phase speeds (companion paper Illig et al., 2018). Notably, they propagate slightly faster
in the Atlantic compared to the Pacific. This is due to the CTW structures being more barotropic in the SEA
than in the Humboldt Current system, which is a consequence of the gentler and shallower topography
slope encountered in the SEA. Our study shows that, in both systems, the linear CTW dynamics explains a
great amount of the coastal SSLA and SASCA variability, consistently with the good agreement between the
linear model and ROMS outputs highlighted in the companion paper (Illig et al., 2018). The summed-up
contribution of the first four CTW modes accounts for �50–90% of the SASCA and SSLA coastal variabilities.
In agreement with the equatorial forcing, in the SEP, the first CTW mode largely dominates the coastal sub-
seasonal variability. The assumption of retaining only the first CTW mode characteristics is thus valid in the
SEP, in agreement with Brink (1982). In this context, coastal altimetric products or tide gauge measurements
can be useful to monitor subseasonal CTW propagations. In the SEA, the second CTW mode is dominant
north of 138S, whereas poleward of 138S, the first CTW mode is the most energetic. Note that Polo et al.
(2008) estimated coastal propagation velocities along the coast of West Africa within 1.5–2.1 m s21 range,
consistent with first and second CTW mode phase speeds. The transition between the two modes corre-
sponds to the latitude where the connection between coastal and equatorial variabilities fades out in the
SEA (Goubanova et al., 2013; Polo et al., 2008; Figure 1b). We identified three processes that contribute to
explain this result. The damping of CTW mode 2 at �138S in the SEA is induced by the frictional dissipation.
South of 138S, the reenergization of the first CTW mode is triggered by frictional modal scattering and sub-
seasonal alongshore wind stress forcing. In the SEP, the less dissipative remotely forced first CTW mode
remains energetic at high latitudes. A smaller impact of the equatorial teleconnection is however reported
along the southern Chilean coast (Belmadani et al., 2012; Illig et al., 2014; Shaffer et al., 1997). It is attributed
to the local wind forcing contribution that becomes more important south of 258S, where it overshadows
the equatorial signal, in agreement with the result from Hormazabal et al. (2001).

Figure 12. Space-time power spectra (Hayashi, 1982) summed over long spatial
scales (>58 of latitude) for ROMSCR (grey shading) and ROMSEQ (black line) CTW
mode 1 coastal SSLA (CSSLA) in the (a) SEP and (b) SEA oceans. In the SEP
(SEA), the analysis is performed within a 328-length (248-length) domain
extending from 38S to 358S (from 38S to 278S). Unit is cm2. Grey dashed vertical
lines indicate the separation between submonthly and intraseasonal
frequencies.

Journal of Geophysical Research: Oceans 10.1029/2017JC013540

ILLIG ET AL. REMOTE SUBSEASONAL COASTAL-TRAPPED WAVES 3957



In the SEA, we reported an alternation of the dominant CTW mode contributions, with the equatorially
forced second CTW mode being the most energetic equatorward of 138S, while poleward of this latitude
the first CTW mode is the dominant contribution to the coastal subseasonal variability. We attributed this
change to the bottom friction which dissipates and scatters the second CTW mode. This allows for the prop-
agation of the remotely forced first CTW mode further south which is reenergized by the coastal wind vari-
ability south of 158S. Surprisingly, we did not detect any drastic changes in the CTW characteristics, in terms
of bottom friction dissipation or modal coupling, around the ABFZ (�178S, not shown). This could be linked
to the fact that we consider ROMS stratification at 400 km offshore in the SEA which might differ from the
stratification on the shelf. Nevertheless, ROMS stratification remains fairly constant in the 400 km coastal
band in both systems (not shown). Instead, our results suggest that the changes in CTW structure and
parameters associated with the coastal vertical stratification modification across the ABFZ are compensated
by the deepening and steepening of the bathymetry off the Angolan coast between 138S and 188S (Figure
5). We further estimated scattering coefficients due to the changes in the shape of CTW eigenfunctions
from one latitude to another, as introduced by Johnson (1991). Indeed, when CTW encounter irregularities
on the bottom shelf topography or changes in the coastal stratification along their propagation, energy can
be transferred between modes. The values of the scattering coefficients estimated along the West African
coast reveal that the changes in the vertical stratification associated with the presence of the ABFZ do not
trigger significant modal scattering (not shown). In contrast, the passage over the Walvis Ridge (�198S–
218S) and the steepening of the bathymetry off Angola coast are associated with a clear increase in scatter-
ing coefficients (not shown). This most likely contributes to the fading of the equatorial connection around
128S. More thorough analyses are required to properly conclude on this specific point. In particular, it would
be relevant to further quantify the effect of the changes in the bathymetry and stratification along the
wave propagation. This would imply increasing the complexity of the LCM model by adding the modal scat-
tering associated with the changes in the shape of CTW structure from one latitude to another as imple-
mented by Jordi et al. (2005).

In both systems, we reported a distinct contribution of the second CTW mode (more prominent in the SEA)
in the northern part of the domains close to the equatorial band, whereas further south there is a domi-
nance of the first CTW mode. Following the same assumption and using the outputs from similar ROMS
experiment, Illig et al. (2014) suggested that a CTW mode alternation could explain the drastic increase in
poleward coastal propagation velocity observed in the SSLA off Southern Peru (�188S, cf., dashed line in
Figure 1a). However, we showed in this paper that the contrast between the first and the second CTW
modes is weakly marked in the SEP and the 20% contribution of the second CTW mode fades out north of
108S, which rules out this supposition. We then hypothesized that the CTW acceleration can be triggered by
the synoptic submonthly variability of the coastal jet along the coast of Chile. The latter would force CTW
simultaneously over an extended coastal region, creating an apparent acceleration of free coastal propaga-
tions. But again, the analysis of the ROMS sensitivity experiment in which climatological surface wind stress
forcing is prescribed (ROMSEQ

SEP) depicts the acceleration of the coastal propagations in the Southern Hum-
boldt region (not shown), in agreement with Illig et al. (2014, their Figure 3). This excludes the role of coastal
winds in the increase of the CTW velocity. In the light of the results presented in this paper, we conclude
that the acceleration of the coastal propagations is likely associated with the change in the nature of the
CTW passing from baroclinic vertical structures along the coast of Peru to fast, nearly barotropic waves
south of 208S (Figure 5), as depicted in LCM (Figure 5 of the companion paper (Illig et al., 2018)) and ROMS
modal decomposition (Figure 8 of the companion paper (Illig et al., 2018)) outputs.

Finally, this study emphasizes the importance of the vertical structure variability of the remote equatorial
dynamics in the eastern equatorial Pacific and Atlantic Oceans. A first baroclinic EKW transmitted along the
southwestern coasts of South American and African continents as a fast weakly dissipative first CTW will
propagate farther south than higher-order modes. Hence, the characteristics of the remote equatorial forc-
ing can modulate the maximum latitude at which the equatorial dynamics imprints the coastal variability. In
this context, Dewitte et al. (2008) showed that the intraseasonal EKW activity undergoes a significant modu-
lation along the equatorial waveguide. Likewise, at interannual time scales, Dewitte et al. (1999, 2003)
reported a different contribution for the dominant EKW modes in the EEP, with the dominance of the sec-
ond and third baroclinic modes. Similar behavior can be anticipated for the EEA forcing, accounting for the
strong low-frequency modulation of the oceanic variability in the Tropical Atlantic (Xichen et al., 2016). As a
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consequence, the results presented in this study are valid for the 2000–2008 period and for subseasonal fre-
quencies. Further analysis is required for the investigation of the characteristics of equatorial connection at
different time scales, such as the interannual variability. Similarly, the strength of the equatorial connection
will be affected by the low-frequency modulation of the equatorial dynamics, which can call into question
our results for past or future periods.
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