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• It has been shown that the genesis of tropical cyclones (TCs) in the
Atlantic is favored or suppressed in various phases of CCKWs1,2.

• Various hypotheses have been proposed for this, including: CCKW
modification of environmental factors like moisture or wind shear1,
direct CCKW interactions with AEWs and their dynamics2, and
indirect effects on the AEW recirculation and outflow3

• Recently, Lawton et al. (2022, “L22”)4 developed a climatological
database of AEW and CCKW interactions, using objective tracking
methods (Fig. 1), for the years 1981 – 2019.

• L22 demonstrated that
convectively-active CCKWs can
impact the attributes and
behavior of non-developing (i.e.,
no TC genesis) AEWs, enhancing
convection, moisture, and
vorticity in a 1–2-day window
following active CCKW phases.

Here, we expand the analysis of L22 to developing AEWs and TC genesis.
The two primarily objectives of this study are as follows:
1. Better illuminate the frequency and distribution of developing AEW and

CCKW interactions in the Atlantic basin
2. Refine previous hypotheses on the mechanisms by which CCKWs

influence tropical cyclogenesis using a new wave-following framework.
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Figure 1: From L22, (a) Number density plot of tracked AEWs
for 1981-2019 JAS. b) Variance of Kelvin-filtered Tb for the
months July-September averaged over 1981-2019.

Dataset: ECMWF ERA5 reanalysis, GridSat Brightness Temperature (Tb).
Time period: July-September from 1981-2019.

• Same AEW-CCKW database of L22 is used: AEWs are tracked via a 
curvature vorticity field at 700hPa4, CCKWs identified following the 
tracked AEW via Tb (Fig. 1).

• AEWs are connected to TC genesis events if a track is within 500km of 
TC formation; only these AEWs are used in this analysis.

• Attributes of each developing 
AEW-CCKW interaction are 
saved, including lag time 
relative to TC genesis

• In the wave-following 
framework, TC genesis events 
increase 0.75 – 1.75 days after 
an active CCKW phase (cf., 2-3 
days in previous studies)1,5

Here, composites of environmental fields surrounding AEWs (averaged 
within 300-600km) are generated using three different perspectives:

1. Relative to active CCKW crests (all interaction events)
2. Relative to TC genesis 

3. Relative to active CCKWs, but only for developing AEWs with a 0.75-
1.75-day CCKW lag (shows combined effects of CCKWs and genesis)

AEW-CCKW interactions are very common, including for AEWs that undergo TC genesis
• 76% of developing AEWs pass at least 1 CCKW; 45% of all AEWs pass a CCKW over the Atlantic
• 33% of all captured TC events occur 0-2 days after an active CCKW passage
The majority of “favorable” CCKW events captured in this database occur over the Western
Atlantic (~60%) with an average latitude position of the AEW center of around 12.5°N.

Figure 3: (a) The percentage of AEWs passing CCKWs at or west of the indicated longitude (x-axis), categorized by TC-CCKW
lag time. This is normalized by the number of AEW events. (b) Longitude distributions of AEW-CCKW interactions.

Statistics of developing AEW-
CCKW interactions are shown
here for interaction events in
the 1981-2019 climatology.
Distributions are similar to
those of non-developing AEWs
over the same time range (not
shown).

CCKW-relative composites (day 0 = CCKW passage) for developing AEWs appear nearly identical 
to those generated by L22 for non-developing AEWs
• Increase in diabatic heating and convection (not shown) at time of active CCKW passage
• Specific humidity response is tilted westward with height (“lagged”)
• Absolute vorticity fields less clear; but tilted signal evident in eastward signal filtering (Fig. 4d)
Most of the signals are eastward propagating, coming and going with a passing CCKW

Figure 2: Number of TC events, binned by their lag time relative
to AEW-CCKW interactions (active phase). Positive lags indicate
interactions prior to TC genesis. Dashed line is the 95% C.I. of TC
events using random day 0 points, via bootstrapping.

Figure 4: Composites of averaged (600km) variables relative to CCKW-passage, for developing AEWs. Traditional fields are shown in the top row (a-c) and
eastward filtered fields are shown in the bottom row (d-f). Variables include relative vorticity (a, d), specific humidity (b, e), and diabatic heating (c, f).

Figure 5: Composites in the 6 days preceding TC genesis for (a) diabatic heating, (b) specific
humidity, and (c) temperature averaged within 600km of the tracked AEW, and (d) relative
vorticity averaged within 300km. Non-significant regions at a 95% threshold are hatched out.

Composites here were created for all
developing AEW cases (regardless of CCKW
interaction); bootstrapped significance test
compares these to 1000 composites with
random day 0 points
• Environmental changes begin ~2 days prior

to TC genesis, which is very similar to
previous observational findings6

• Most heating & warming occurs above
500hPa; cold core remains below this level

Perhaps not coincidentally, 2 days is roughly
the elapsed time between the first CCKW-
related environmental changes and the
“favorable” 0.75-1.75-day lag for TC genesis

Now, we only consider events with 0.75-1.75-day lag (CCKW-relative)
• Initial increase (at -0.5 days) in humidity, diabatic heating, TCWV,

and convective coverage appear related to the passing CCKW crest
• For convective coverage and humidity, changes appear to persist

and grow through the time of TC genesis
These plots suggest that the beginning of CCKW-related
environmental changes (i.e., Fig. 4) for these events align with the
typical start of anomalies in composites of TC genesis (Fig. 5)

Are CCKWs initiating the TC genesis process?

• CCKW impact developing and non-developing AEWs similarly
• The likelihood of TC genesis increases in a 0.75-1.75-day window 

following an active CCKW-AEW interaction; this differs from the 2–3-
day lag found via a TC-genesis perspective (without AEW tracking)1,5

• TC-genesis is a 2-day process, with hints CCKWs could act as a trigger

2 Days Prior to Genesis 

At Time of Genesis

Potential Implications
• Recent work by Schreck (2016)3

suggested a passive impact of 
the CCKW: a vertical “build-up” 
of vorticity that encourages 
organization, growth of vortex

• However, CCKW-related 
convection and moisture may 
more directly initiate the start of 
a 2-day TC genesis process  

As determining causality is hard via reanalysis data, future work will 
investigate these questions using high-resolution MPAS simulations

Figure 7: Schematic of our updated hypothesis on the CCKW and
TC Genesis relationship.

AEW encounters CCKW,
initiating TC genesis process

Process completes, with help 
from CCKW-induced increase in 
background vorticity (Schreck 

2016)
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Figure 6: CCKW-relative composites like those shown in Fig. 4, but only including AEWs that underwent TC genesis in a 0.75-1.75-day
window following the CCKW. (a) TCWV, (b) convective coverage, (c) relative vorticity, (d) specific humidity, and (e) diabatic heating.
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