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Abstract

Research has shown that suppressing African Easterly Waves (AEWs) does not reduce basin-wide
North Atlantic tropical cyclone (TC) frequency but can enhance TC environmental favorability. We
investigated the AEW-TC relationship further by examining the effects of suppressing the two
AEW periodicities individually on TC activity. Using regional model simulations, AEWs were
prescribed or suppressed in the 2—6 d or 6-10 d ranges through the lateral boundary conditions.
Seasonal TC frequency increased significantly when either AEW periodicity was suppressed, with a
larger increase when the 2—6 d waves were suppressed. We also found that suppressing the 2—6 d
waves increased mid-tropospheric moisture by up to 8%, as well as overall atmospheric instability,
near the western coast of northern Africa. Furthermore, the convective disturbances that developed
into TCs exhibited stronger rotation, increased ascending motion, and higher rainfall. Our results

suggest that reduced 2—6 d AEW activity may trigger a more active TC season.

1. Introduction

Tropical cyclone (TC) genesis requires several con-
ditions, including warm sea surface temperatures
(SSTs), weak vertical wind shear (VWS), a moist mid-
troposphere, and an initial disturbance (Emanuel
1988, Avila 1991, Landsea 1993, Frank and Ritchie
2001, Wong and Chan 2004, Lin et al 2013). In the
tropical North Atlantic, the most common TC genesis
precursor is African Easterly Waves (AEWs). AEWs
are synoptic-scale disturbances that grow off of the
baroclinic and barotropic instabilities of the African
easterly jet (AE]) and propagate westward across West
Africa and over the Atlantic Ocean with a periodicity
of 2-10 d (Carlson 1969, Burpee 1972, Diedhiou et al
1998). They typically form between 5° N and 30° N,
primarily during the West African Monsoon season
(May—October), although recent studies have shown
they can occur year-round (Hollis et al 2024).
Previous studies have linked AEWs to TC gen-
esis, with 60%—85% of Atlantic TCs developing from
AEWs (Landsea 1993, Landsea et al 1998, Dieng et al

© 2025 The Author(s). Published by IOP Publishing Ltd

2017, Russell et al 2017). However, recent numerical
model experiments designed to suppress AEWs indic-
ate that AEWs are not necessary for maintaining sea-
sonal basin-wide TC frequency (Patricola et al 2018,
Danso et al 2022, Bercos-Hickey and Patricola 2023).
For example, Patricola et al (2018) found no change
in TC frequency when AEWs were filtered along the
western coast of northern Africa using a 27 km resol-
ution regional model with parameterized convection.
Given the strong connection between AEWs and con-
vection (Diedhiou et al 1999, Mekonnen et al 2006,
Hsieh and Cook 2007, Schwendike and Jones 2010,
Russell and Aiyyer 2020, Russell et al 2020) and the
uncertainties of convection parameterization, Danso
et al (2022) used a 3.5 km resolution model to con-
duct a similar experiment and reached the same con-
clusion. They also found that suppressing AEWs led
to more favorable environmental conditions for TCs.
Other studies have also shown that favorable envir-
onmental conditions have a stronger connection with
TC frequency than AEWs (Caron and Jones 2012,
Hoogewind et al 2020, Emanuel 2022).
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AEWSs occur in two distinct tracks along the
AEJ near ~11°N and ~20°N (Diedhiou et al 1999,
Pytharoulis and Thorncroft 1999, Chen et al 2008).
Therefore, Bercos-Hickey and Patricola (2023) con-
ducted numerical model experiments in which one
type of AEW track was filtered while the other was
maintained. Their results, consistent with previous
studies (Patricola et al 2018, Danso et al 2022),
showed that AEWs are not a limiting factor for TC
genesis. They found that filtering either AEW track
increased TC frequency, with the greatest increase
occurring when the southern track was filtered.
Despite the southern AEW track’s greater efficiency
in TC genesis (Goldenberg and Shapiro 1996, Chen
2006), suppressing it enhanced the large-scale envir-
onmental conditions favorable for TC formation.

AEWs are further classified into two regimes
based on their periodicity: 2.5-6 d and 6-9 d,
strongest at 700 hPa and between 950 and 850 hPa,
respectively (de Félice et al 1993, Diedhiou et al
1998, 2002, Wu et al 2013). The filtering meth-
ods in previous studies by Patricola et al (2018),
Danso et al (2022) and Bercos-Hickey and Patricola
(2023) suppressed the full 2-10 d temporal spec-
trum of AEWs. Therefore, these studies did not
separately account for the effects of filtering each
AEW periodicity. While Bercos-Hickey and Patricola
(2023) separately examined the southern and north-
ern tracks—associated with the 2.5-6 d and 6-9 d
AEWs, respectively—earlier studies have shown both
wave periodicities occur north and south of the AE]
(Diedhiou et al 1999). Furthermore, since the north-
ern and southern AEW tracks merge over the Atlantic
into a single wave track (Hankes et al 2015, Duvel
2021), which is more favorable for TC genesis than
either track alone (Chen and Liu 2014, Jonville et al
2024a), it is crucial to examine the AEW-TC relation-
ship based on the different periodicities.

The objective of this study is to further investig-
ate the AEW-TC relationship, specifically focusing on
the effects of AEW suppression by periodicity. This
study makes two primary and novel contributions to
the understanding of Atlantic TC activity in relation
to AEWs. First, we examine the response of Atlantic
TC activity to the suppression of distinct AEW peri-
odicity ranges. Second, we investigate the environ-
mental conditions that influence the likelihood of
different precursors developing into TCs. Given that
only a small proportion of AEWs evolve into TCs
(e.g. Thorncroft and Hodges 2001), and that different
AEW periodicities and tracks exhibit varying efficien-
cies in initiating tropical cyclogenesis (e.g. Chen and
Liu 2014), understanding the pre-genesis environ-
ment of TC precursors is essential for identifying the
factors that enhance the potential for AEWs to trans-
ition into TCs. To achieve this, we used an ensemble
of regional model simulations in which one of the two
AEW periodicities was suppressed while the other was
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prescribed through the lateral boundary conditions.
We then analyze statistical differences in TC activity,
including TC frequency, intensity, translation speed,
and lifetime. Additionally, we examine the environ-
ments associated with different TC precursors by ana-
lyzing the atmospheric conditions days prior to TC
genesis.

2. Regional model simulations

The simulations were performed using version 4.2.2
of the Weather Research and Forecasting (WRF)
model (Skamarock et al 2019). Initial and lateral
boundary conditions, along with SST, were pre-
scribed from the fifth-generation European Centre
for Medium-Range Weather Forecasts (ECMWF)
ReAnalysis (ERA5) dataset (Hersbach et al 2020). The
model domain was chosen to leverage the flexibil-
ity of WRE, with the eastern lateral boundary placed
around 15° W, just off the western edge of north-
ern Africa (supporting information, figure S1). This
configuration allows for the entry or suppression of
AEWs into the model domain via the lateral bound-
ary condition. The model was configured with a TC-
permitting resolution of 27 km (Patricola et al 2016)
and 45 vertical levels. Additionally, the following
parameterization schemes were used: Kain—Fritsch
scheme for cumulus clouds (Kain 2004), Purdue-Lin
microphysics (Lin et al 1983), rapid radiative trans-
fer model for general circulation models longwave
and shortwave radiation (Iacono et al 2008), Yonsei
University planetary boundary layer scheme (Hong
et al 2006), revised MM5 surface scheme (Jiménez
et al 2012), and the Noah land surface model (Chen
and Dudhia 2001). The choice of model domain
and parameterization schemes follows the setup of
Patricola et al (2018) and Bercos-Hickey and Patricola
(2023), which have been shown to realistically simu-
late TCs.

We first performed a control simulation in which
AEWSs were prescribed by ERA5 through the eastern
lateral boundary. To investigate the effects of AEW
suppression by periodicity, we conducted two exper-
iments in which a band-stop filter was applied to
all vertical levels of the variables in the eastern lat-
eral boundary condition, between 5° S and 30° N,
removing the 2.5-6 d and 6-9 d AEWs. In the first
experiment (filtered (2—6 d)’), we filtered the 2-6 d
timescale, while in the second experiment (‘filtered
(6-10 d)’), we filtered the 6-10 d timescale to cap-
ture the full temporal range of AEWs. This approach
is consistent with Patricola et al (2018) and Danso
et al (2022), with the only difference being the filtered
temporal ranges.

The simulations were performed for the 2020
hurricane season (1 May-30 November). This sea-
son was chosen due to the formation of several
TCs near the western coast of northern Africa
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(Klotzbach et al 2021), with the majority of these TCs
originating from AEWs (Beven 2021). Ten ensemble
members for the control and experimental simula-
tions were generated by initializing the model on
different dates (i.e. from 1 to 10 May). The model
output was saved at 3 h intervals, and output from
1 June to 30 November was used for the analysis,
with data before 1 June discarded as model spin-
up. Simulated TCs were identified using the objective
detection algorithm of Walsh (1997).

3. Results

3.1. Response of TC activity to AEW suppression by
periodicity

We first examine the response of Atlantic TC activ-
ity to the filtering of different AEW time scales. There
are considerable differences in the ensemble mean TC
track densities across the simulations (figures 1(a)—
(c)). For instance, suppressing the 2—6 d AEWs causes
a shift in the location of peak TC activity near West
Africa relatively westward (supporting information
figure S2(c)). However, TC activity becomes more
intense in the central main development region (from
50° W to 40° W and 10° N to 20° N) and in the Gulf of
Mexico. The increased activity in the Gulf of Mexico
increases the number of landfalling TCs (supporting
information figure S3). Similar to suppressing the 2—
6 d waves, filtering the 6-10 d AEWs increases TC
activity in the Gulf of Mexico. Additionally, suppress-
ing the 6-10 d AEWs also shifts peak TC activity near
West Africa, though this shift is smaller compared
to filtering the 2—6 d waves. This shift is seen as a
reduction in TC track density north of 13° N and east
of 25° W (supporting information figures S2(a) and
(b))

Suppressing either AEW periodicities leads to a
statistically significant (p < 0.05) increase in the
ensemble mean seasonal TC number, with values of
17,20.7, and 19.7 TCs per season for the control sim-
ulation, the 2—6 d filtered experiment, and the 6-10 d
filtered experiment, respectively (figure 1(d)). This
result is consistent with earlier studies by Patricola
et al (2018), Danso et al (2022), and Bercos-Hickey
& Patricola (2023), which found that AEWs are not
necessary to maintain the basin-wide frequency of
TCs in the North Atlantic. We also found that sup-
pressing both AEW periodicities resulted in slightly
slower TCs on average, with a statistically signific-
ant difference in ensemble mean translation speed
between the control and the 2—6 d filtered exper-
iment (figure 1(e)). The AEW suppression exper-
iments did not significantly change TC intensity,
although the ensemble mean minimum sea level pres-
sure was slightly lower when the 6-10 d AEWs were
suppressed (figure 1(f)). Furthermore, suppressing
both AEW periodicities did not significantly affect the
average lifetime of TCs, with ensemble mean values of
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4.9, 4.7, and 4.9 d for the control simulation, the 2—
6 d filtered experiment, and the 6-10 d filtered exper-
iment, respectively (figure 1(g)).

3.2. Response of wave activity to suppression by
periodicity

To compare the effects of filtering different AEW
periodicities, we performed a wavelet decomposi-
tion of the meridional wind east of 20° W at low
levels (950 hPa) and AE] levels (700 hPa) to highlight
the frequency windows active during the simulation
period. The power spectra at these levels help identify
disturbances near the west coast of northern Africa
(Pytharoulis and Thorncroft 1999, Gu et al 2004,
Jonville e al 2024b). Figures 2(a)—(c) show the mean
wavelet power of the ensemble-averaged 700 hPa
meridional wind from 0° to 15° N, where the south-
ern AEW track is located. In the control, most wave
activity is found in the 2-6 d range, peaking between
August and September (figure 2(a)). Some wave activ-
ity is also observed in the 6-10 d range, although its
power spectrum is lower than that of the 2-6 d range.
Filtering AEWs in the 2—6 d range removes wave activ-
ity in that frequency range, although some wave activ-
ity remains overlapping the two filtered regimes (3.5—
10d) (figure 2(b)). The remaining wave activity seems
to have intensified, which could suggest that the pres-
ence of 2—6 d waves dampens the background envir-
onmental conditions in which other wave periodicit-
ies grow. The previous work of Bercos-Hickey and
Patricola (2023) supports this idea, as they found
that the suppression of the southern AEW track—
typically dominated by 2—6 d waves—enhanced the
environmental conditions favorable for TC develop-
ment. This could explain the intensification of the 6—
10 d waves when the 2-6 d waves are filtered. The
reduction in the filtered range can also be seen by cal-
culating the difference in the wavelet power density
between the 2—6 d filtering experiment and the con-
trol (supporting information figure S4). In contrast,
filtering the 6-10 d range almost entirely removes
wave activity in that band at 700 hPa, leaving only the
wave activity in the 2-6 d range (figure 2(c)). A sim-
ilar result is observed when the wavelet power is com-
puted between 15° N and 30° N, where the northern
AEW track is located (not shown).

The mean power spectrum of the ensemble-
averaged 950 hPa meridional wind from 15° N to
30° N is also assessed (figures 2(d)—(f)). In the con-
trol simulation, wave activity is present in both tem-
poral bands, although the 2—-6 d range appears to be
dominant once again (figure 2(d)). Filtering AEWs in
the 2-6 d range substantially removes wave activity
in that band (figure 2(e)). Similarly, filtering AEWs
in the 6-10 d range removes nearly all wave activity
in that band (figure 2(f)), although some wave activ-
ity remains overlapping the two periodicities in the
4-8 d range. As shown in figure 1(d), filtering either



10P Publishing

Environ. Res. Lett. 20 (2025) 084018

D K Danso et al

40°N/
30°N] . ol
20°N] :
10°Ny

110°W 90°W T70°W 50°W 30°W

TC track density

I
0 1 2 3 4 65 6 7 8

d) TC count ) TC translation speed
{ gE ¢ ;030

control b filtered (2-6 days
@ e, . — ®hen! ( ys)

110°W 90°W 70°W 50°W 30°W

filtered (6-10 days
©s00n; ¢ ¥)

F

110°W 90°W 70°W 50°W 30°W

a——
9 10 11 12 13 14 15 16 17 18

[1i] i TC intensity (gi: TC days

(2-6 days) (6-10 days) {2-6 days) (6-10 days)

101
. 7 z
20 & so0: 9
T _ l % § G990+
i | o
(%] - - = 10+¢
F1s J.. 20.7* o BO0- ﬁ 972 ﬁi 9601 é
5 197 | | & AT T - - =
] a - > 970 - @
£ Ay < ; r = T -L
E10 § 400 £ z 49 & 49
z |8 o a5 L . L]
2 E es0!
5 E 200+ = -
€ T T |
| =
e - o+ - - 930- - . . o . . -
contral filtered filtered contral  filtered filtered control  filtered filtered control fitered filtered

Figure 1. (a)—(c) Ensemble mean TC track densities (TCs per season) for the WRF (a) control simulation, (b) 2—6 d filtered AEW
suppression experiment, and (c) 6-10 d AEW suppression experiment. (d)—(g) Simulated (d) ensemble mean Atlantic TC
frequency, (e) TC translation speed (km d 1), (f) TC intensity (hPa), and (g) TC lifetime (days). Both the black dots and the
numbers represent the ensemble mean value. The error bars represent the variation among the ten ensemble members. An
asterisk (*) next to a number indicates a statistically significant difference from the control simulation (p-value < 0.05).
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of the AEW periodicities does not reduce TC genesis.
This is supported by the previous work of Patricola
et al (2018) and Danso et al (2022), both of whom

noted that, in the absence of AEWs, other convect-
ive disturbances may serve as precursors for TC gen-
esis. Therefore, the additional wave periodicities that
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Figure 3. (a), (b) Vertical cross section of eddy kinetic energy (m?s~2) averaged between 20° W and 15° W for (a) ERA5 and (b)
the ensemble mean WREF control simulation. (c), (d) The ensemble mean eddy kinetic energy for the (c) 2—6 d filtered experiment

minus the control and (d) 6-10 d filtered experiment and the control.

appear in the 0°-15° N (i.e. 3.5-10 d) and 15° N to
30° N (i.e. 4-8 d) wavelet spectra when filtering the 2—
6 d and 6-10 d bands, respectively, may not necessar-
ily be AEWs but could instead represent other trop-
ical disturbances that develop in the region, which
could also serve as precursor disturbances for TC gen-
esis. Therefore, our results suggest that, in the absence
of the 2-6 d waves, the 6-10 d and other wave peri-
odicities may provide some of the precursor disturb-
ances for TC genesis, and vice versa. Additionally, it is
important to note that both main AEW periodicities

are present in both the northern and southern AEW
tracks.

To quantify the vertical structure of AEW activ-
ity we used the seasonal mean eddy kinetic energy
(EKE) (figure 3). Previous studies have shown that
EKE is a useful measure of AEW activity (Hsieh and
Cook 2007, Diaz and Aiyyer 2013, Russell et al 2017).
To assess how well the WRF model reproduced AEW
activity in the control simulations, we estimated EKE
using ERAS for the same time window analyzed in
the WRF simulations. ERA5 shows stronger EKE in
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the regions of the two AEW tracks (figure 3(a)), with
intense activity between 700 hPa and 600 hPa around
8° N-13° N corresponding to the southern track, and
a second area of intense activity between the surface
and 900 hPa around 16° N to 23° N, correspond-
ing to the northern track. The ensemble averaged
EKE from the WRF control simulation captures both
AEW tracks (figure 3(b)). However, the core of the
southern AEW track extends from about 850 hPa to
600 hPa and shifts slightly northward. Overall, AEW
activity is reasonably well captured in the WRF model
control simulations.

Suppressing AEWs in either the 2-6 d or 6-10 d
range decreases EKE (figures 3(c) and (d)), particu-
larly in the regions of the two wave tracks. However,
there are notable differences in the magnitude of this
reduction. Suppressing AEWs in the 2—6 d range leads
to a larger decrease in EKE compared to suppressing
AEWs in the 6-10 d range. In the experiment with
2-6 d AEWs suppressed, EKE decreases in both the
northern and southern tracks, though slightly more
in the southern track. Similarly, suppressing AEWs in
the 6-10 d range decreases EKE in both tracks, with
no distinct difference in the magnitude of the reduc-
tion. The larger EKE decrease when suppressing the
2-6 d AEWs indicates that most wave activity occurs
in this range, as shown in the wavelet power spec-
trum (figure 1). Additionally, the decreased EKE in
both AEW tracks suggests the presence of both AEW
periodicities in the northern and southern tracks. We
note that suppressing AEWs of either periodicity does
not affect the location or size of the AE] near the
western coast of northern Africa, though its intensity
slightly decreases in both filters (supporting inform-
ation figure S5).

3.3. TC precursors and associated atmospheric
conditions

We now examine the origins of the precursors that
develop into TCs by analyzing Hovmoller diagrams
of rainfall rate and 700 hPa relative vorticity aver-
aged over 8° N-23° N for one single ensemble mem-
ber and the ensemble mean in the control simulation
and experiments (figure 4 and supporting inform-
ation figure S6) and the TC genesis location and
times (green triangles). A TC that originates from an
AEW will typically show a positive vorticity signal
and/or a westward-propagating rainfall track (Tyner
and Aiyyer 2012, Russell and Aiyyer 2020, Russell et al
2020) from around 15° W (where the eastern lat-
eral boundary is) to the location of TC genesis. In
the control simulation of the single ensemble mem-
ber, we found that some TCs appear to originate
from AEWs, while others do not (figure 4(a) and
supporting information figure S6). This suggests that
AEWs are not the sole source of TC precursors, and
other convective disturbances may also trigger TC
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genesis. Convective disturbances can originate within
the Intertropical Convergence Zone (ITCZ) through
wave-breaking, a process first observed in satellite
data during the study of Tropical Storm Anna (Agee
1972). These wavelike disturbances, independent of
AEWs, can amplify and break, potentially forming TC
vortices. Subtropical pressure systems may also foster
convective environments favorable for TC genesis
(Pérez-Alarcon et al 2021). Furthermore, idealized
simulations show that moist convection can spon-
taneously self-aggregate into clusters, which could in
turn trigger TC genesis (Muller and Held 2012, Wing
etal 2017).

When the 2-6 d waves are suppressed, some
TCs exhibit a clear AEW origin, while others do
not (figure 4(b) and supporting information figure
S6). The TCs with an AEW origin are likely asso-
ciated with the 6-10 d waves, while the others
may result from different convective disturbances.
Similarly, when the 6-10 d waves are suppressed,
some TCs originate from AEWs, likely associated
to the 2-6 d waves, while others still generate
from non-AEW sources (figure 4(c) and support-
ing information figure S6). This result shows that in
the absence of one periodicity, there are TCs with
AEW origins from the other periodicity, as well as
non-AEW TCs.

In the ensemble mean (figure 4(d)), we found
a relatively higher number of TC genesis clusters
that appear to have originated from AEWs in sim-
ilar locations and times in the control simulation (for
example, near 20° W around 7 and 12 September)
compared to both AEW filtered experiments. This
suggests that TCs developing from AEWs in the con-
trol simulation typically form around the same loca-
tions and times across the ensemble members, which
makes sense given that each ensemble member has
the same AEWs prescribed from the lateral boundary
condition. Like the control, there is a similar cluster
of TC genesis near 20° W and around September
12 in the 6-10 d filtered experiment, which indic-
ates that those TCs likely developed from the same
2—-6 d AEW in the different ensembles. In contrast,
while there are fewer TC genesis clusters, the genesis
of TCs appears to be more spatially and temporally
dispersed when filtering one kind of AEW, particu-
larly in the 2—6 d filtered experiment (figures 4(e) and
(f)). As shown in previous studies, AEWs can inter-
act with different convective systems to influence TC
activity (Mekonnen et al 2006, Enyew and Mekonnen
2021). Since evidence of TC genesis from AEWs is
found in all individual ensemble members when fil-
tering one kind of AEW periodicity, it is possible that
some of the TC genesis events that do not cluster in
the Hovmoller diagrams could still have AEW ori-
gins. However, convective disturbances in the WRF
model ensembles may interact with AEWs, modifying
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the locations and timing of TC genesis when filtering
one kind of AEW periodicity.

To better understand the atmospheric condi-
tions associated with TC formation in the absence of
either AEW periodicity, we also analyze composites of
850 hPa relative vorticity, integrated vertical velocity
integrated over all levels, and rainfall rate of the dis-
turbances leading up to TC formation. For this ana-
lysis, we define a reference region with a 2000 km
radius, centered on the location of the TC at the time
of genesis. To isolate the TC precursors, we limit our
analysis to the 72—12 h prior to genesis. While we did
not explicitly track individual disturbances, an exam-
ination of several TC cases indicates that the 2000 km

reference radius is sufficiently large to capture the
primary activity of the disturbances up to 72 h before
genesis (supporting information figure S7). To focus
primarily on TCs that likely formed from AEWs,
we limited our analysis to only TCs that formed
east of 60° W.

The sum of the positive 850 hPa relative vorticity
from 72 to 12 h before TC genesis, averaged across
all TCs for the control and experiments, is shown
in figures 5(a)—(c). Relative vorticity at 850 hPa is
greater when suppressing AEWs in the 2—6 d range,
compared to both the control and when suppress-
ing the 6-10 d AEWs. A closer look at individual
hours prior to TC genesis also shows this pattern
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Figure 5. Simulated sum of (a)—(c) positive 850 hPa relative vorticity (10~* s~1), (d)—(f) vertical velocity integrated over all levels
(ms~1), and (g)—(i) rainfall rate (mm h~!) from 72 to 12 h (at 12 h intervals) before TC genesis, averaged across all TCs formed
east of 60° W and all ensembles. The arrows in (a)—(c) represent the composite mean wind vectors. The number (percentage) of
TCs formed east of 60° W across all ensembles are 90 (53%), 107 (52%), and 89 (45%) for the control, 2—6 d filtered experiment,
and 6-10 d filtered experiment, respectively. The values are composited for all TCs within a 2000 km x 2000 km box centered on
the TC location at the time of genesis. This is zoomed to 1000 km x 1000 km.

(supporting information figure S7). This suggests
that, in the absence of the 2-6 d AEWs, other dis-
turbances must be rotating more strongly to even-
tually develop into TCs. The same analysis with

integrated vertical velocity (figures 5(d)—(f) and sup-
porting information figure S8) and mid-tropospheric
vertical velocity (not shown) yields similar results,
indicating stronger convection is present within the
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Figure 6. (a), (b) Simulated ensemble mean time-averaged 700 hPa relative humidity (%) for (a) the 2—6 d filtered experiment
minus the control, and (b) the 6-10 d filtered experiment minus the control. (¢), (d) Same as (a), (b), but for 850 hPa equivalent
potential temperature (K). (e), (f) Same as (a), (b), but for vertical wind shear between 850 and 200 hPa (m s~!). Hatches denote
areas where the difference between the experiments and the control is statistically significant (p-value < 0.05) based on a
grid-cell-specific two-sample t-test.

disturbances that develop into TCs when the 2-6 d
AEWSs are suppressed. Finally, an examination of rain-
fall during the disturbance phase shows a compar-
able result (figures 5(g)—(i) and supporting inform-
ation figure S9), with higher rainfall rates when the
2-6 d AEWs are suppressed. The stronger rotation,
convection, and higher rainfall in the disturbances
that generate TCs without the 2—-6 d AEWs likely sug-
gest that these disturbances may need to reach a more
mature vortex phase before triggering TC genesis. It
is also possible that the presence of the 2-6 d AEWs
weakens the background conditions for pre-TC gen-
esis, and therefore, their absence enhances such con-
ditions, potentially supporting the development of
other wave periodicities. This is because previous
research has shown that suppressing the south AEW
track, which is dominated by the 2-6 d periodicity,
improves large-scale environmental conditions that
favor TC development (Bercos-Hickey and Patricola

2023). Additionally, previous research has shown that
rain rate and low-to-mid-level tropospheric relative
vorticity are among the best predictors of TC gen-
esis in the North Atlantic (Peng et al 2012). Thus,
higher values of these variables in the 2—6 d filtered
experiment could support the interpretation that the
presence and absence of the 2—6 d waves respectively
weaken and strengthen the background conditions
for TC genesis.

3.4. Mean state atmospheric conditions

Next, we examine the differences in mean state atmo-
spheric conditions—relative humidity (RH), equival-
ent potential temperature (6.), and the 850-200 hPa
VWS—between the experiments and the control sim-
ulation (figure 6). When suppressing the 2-6 d AEWs,
we found statistically significant (p-value < 0.05) pos-
itive anomalies in 700 hPa RH, up to 8%, particu-
larly near the western coast of northern Africa and
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in the Gulf of Mexico (figure 6(a)). The areas with
the greatest positive anomalies correspond to loca-
tions with the highest TC track densities (figure 1(b)).
Similar results were also found at 600 hPa (support-
ing information figure S10) as well as in the total
column precipitable water (supporting information
figure S11), which shows a strong spatial correla-
tion with the mid-tropospheric moisture (figures 6(a)
and (b)). In contrast, both positive and negative
RH anomalies are found near the western coast of
northern Africa and in the Gulf of Mexico when
suppressing the 6-10 d AEWs, though the positive
anomalies are much weaker than those seen when
suppressing the 2—-6 d AEWs (figure 6(b)). This
suggests that suppressing the 2-6 d AEWs drives
an increase in mid-tropospheric moisture, which
increases environmental favorability and may partly
explain the stronger relative vorticity and convec-
tion found in figure 5. This finding is consistent with
Nunez Ocasio et al (2024), who conducted mois-
ture sensitivity experiments and found increased ver-
tical motion and relative vorticity within an easterly
wave that developed into a TC in a moister environ-
ment compared to a drier case. They also noted that
higher environmental moisture reduced the trans-
lation speed of the disturbance. While their study
focused only on the disturbance phase, their results
align with our finding of decreased TC translation
speed when suppressing the 2—6 d AEWs.

The moisture signature and overall favorability of
the region when suppressing the 2-6 d AEWs is also
evident in the 850 hPa 6, (figure 6(c)). As shown in
previous studies, the 850 hPa 6, in the environment
of AEWs that develop into TCs is higher than in non-
developing AEWs (Nunez Ocasio et al 2021). Since
there are considerably more AEWs in the 2—6 d range
than in the 6-10 d range (figure 2), there is also a
greater likelihood of more non-developing AEWs in
the former, given that only a small fraction of AEWs
develop into TCs (Pasch and Avila 1994, Thorncroft
and Hodges 2001). Therefore, it is possible the sea-
sonal mean 850 hPa 6, is lower in the 6-10 d filtered
experiment (figure 6(d)) due to the relatively higher
number of non-developing 2-6 d AEWs. The envir-
onmental favorability is further evident in the indic-
ators such as the convective available potential energy,
which show relatively higher value in the eastern main
development region in the 2—6 d filtered experiment
(supporting information figure S12).

We also found that suppressing both AEW peri-
odicities weakened the VWS near the western coast
of northern Africa (figures 5(e) and (f)). This may be
due to a weakening of the tropical easterly jet, which
is observed in the suppression experiments (support-
ing information figure S13), a result also noted in
the suppression experiments of Bercos-Hickey and
Patricola (2023). Additionally, there is a weaken-
ing of the zonal wind flow within the AE]J in both

10

D K Danso et al

suppression experiments, with the weakening being
slightly more pronounced when AEWs are suppressed
in the 2-6 d range (supporting information figure
S13). This could partly explain the slower translation
speeds of the TCs in the suppression experiments,
with the decrease in speed being statistically signific-
ant when the 2-6 d AEWs are suppressed.

4. Summary and conclusions

The most common type of TC precursor disturb-
ance in the tropical North Atlantic is AEWs. However,
recent studies have shown that AEWs are not neces-
sary for maintaining the basin-wide seasonal fre-
quency of TCs in the North Atlantic (Patricola et al
2018, Danso et al 2022, Bercos-Hickey and Patricola
2023) and that large-scale environmental conditions
are more strongly correlated with seasonal TC activity
(Caron and Jones 2012, Emanuel 2022). In this study,
we further investigated the AEW-TC relationship by
examining how the suppression of the two AEW
periodicities individually affected North Atlantic TC
activity in 2020, using a suite of TC-permitting sim-
ulations. To do this, we generated an ensemble of
TC-permitting regional model simulations in which
AEWSs were prescribed through the lateral boundary
conditions (control), filtered in the 2—-6 d range, or
filtered in the 6-10 d range.

From the suppression experiments, we found that
in the absence of 2-6 d AEWs, other wave period-
icities strengthen and may provide some of the pre-
cursor disturbances that generate TCs. Suppressing
AEWs in the 2—-6 d range resulted in a greater decrease
in EKE compared to suppressing AEWs in the 6-10 d
range, suggesting that most AEW activity occurs in
the 2-6 d range. EKE decreased in both the south-
ern and northern AEW tracks in both experiments,
indicating that both AEW periodicities are present in
these tracks. Additionally, we found that suppressing
either AEW periodicity resulted in a statistically sig-
nificant increase in seasonal TC frequency, with the
largest increase occurring when the 2—6 d waves were
suppressed. This increase in TC frequency is consist-
ent with the findings of Bercos-Hickey and Patricola
(2023). Furthermore, suppressing both AEW period-
icities resulted in a decrease in mean TC translation
speed, with a statistically significant reduction in the
26 d filtered experiment.

By examining the large-scale environmental con-
ditions, we found that suppressing the 2—6 d AEWs
resulted in statistically significant positive anomalies
in 700 hPa RH, up to 8%, particularly near the west-
ern coast of northern Africa and the Gulf of Mexico,
corresponding to areas with the highest TC track
densities. Similarly, we observed statistically signific-
ant positive anomalies in 850 hPa 6, in the same
regions, indicating increased atmospheric instabil-
ity. This enhanced environmental favorability may
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partly explain the higher TC frequency when the 2—
6 d waves are suppressed. We also found that relative
vorticity and convective activity prior to TC forma-
tion were stronger when the 2—6 d waves were sup-
pressed. Additionally, rainfall during the disturbance
phase of TCs was higher, suggesting that precursors
may need to reach a more mature stage to trigger TC
genesis in the absence of the 2—-6 d waves, with this
maturity facilitated by more favorable environmental
conditions.

Both this study and previous work (Danso
et al 2022, Bercos-Hickey and Patricola 2023) have
demonstrated that the absence of AEWs results in
increased environmental favorability for TC genesis.
In our case, we have shown that the increase in envir-
onmental favorability is greater in the absence of
the 2—6 d waves. This suggests that potential future
changes in AEWs (e.g. Skinner and Diffenbaugh
2014) could lead to modifications in the large-scale
environment that influence TC activity. Given the
role that tropical waves play in organizing convec-
tion by modulating moisture and creating conver-
gence zones, their absence may lead to an accumu-
lation of convective energy over time. This accumu-
lated energy could increase atmospheric instability,
which may trigger a more active TC season when
other environmental conditions are favorable. These
interactions remain understudied and could further
enhance our understanding of the AEW-TC rela-
tionship. Therefore, it is important to investigate
exactly how the absence of AEWs creates such favor-
able conditions in the large-scale environment and
how their presence may dampen background condi-
tions important for pre-TC genesis in future work.
Additionally, future work could explore how the
inclusion of air-sea interactions in a coupled model
framework might modify the influence of AEWs on
TC development, particularly in terms of AEW evol-
ution and subsequent development into TCs.

In the broader context of environmental sci-
ence, our results are important for understanding the
potential impacts of climate variability and change on
regional climates. The study’s findings—highlighting
how AEWs influence environmental factors such as
atmospheric instability, moisture availability, and
vorticity—are particularly relevant to regional cli-
mate modeling, especially in improving seasonal and
sub-seasonal forecasting of extreme weather events.
For instance, the increased environmental favorabil-
ity for TC genesis simulated in the absence of AEWs
may inform predictions on how shifts in these dis-
turbances, and associated changes in TCs, could affect
ecosystems, coastal areas, and agriculture, particu-
larly in vulnerable regions like the Caribbean and
along the US East and Gulf coasts. These can also
help refine climate projections and inform strategies
for mitigating the socio-environmental impacts of
extreme weather events.
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