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What are tropical waves?

* Perturbations / disturbances in the tropical easterlies that
typically move from east to west.

* Often seen as inverted troughs of low pressure (inverted-V
pattern in satellite imagery). Significant rain producers.

* Convection typically on the east side. Subsidence/clearing
on the west side.

* Convection highly modulated by atmospheric moisture,
upper level features, topography, etc.

* Develop into tropical cyclones.

* Around 60 tracked per year (little annual variability)



Tropical Wave Research

Tropical wave basics

Significance known as far back as 1930s (Piersig, Regula)

Patterns of rain, cloudiness, and windshifts received
increased attention during WWII (Riehl, 1945)

With the growth of rawinsonde networks and better surface
synoptic data, easterly waves were studied with 3 approaches:

Synoptic (Carlson, 1969)
Spectral analysis (Burpee, 1972)
Compositing (Reed et al. 1971 (Pacific), 1977, 1979 (Atlantic))

The composite from Reed (1977) still serves as the primary
‘text book’ description of AEWs.
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How/where they form

Generated by an instability (baroclinic-barotropic)of the African easterly jet

Jet arises as a result of reversed lower tropospheric temperature gradient over west-central
north Africa due to extremely warm temperatures over the Sahara Desert and substantially

cooler temperatures along the coast of Guinea.
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AEW synoptic structure over West Africa.
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Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)



AEW synoptic structure over West Africa.
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Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)



AEW synoptic structure over West Africa.

~20°N
Ve
\j\
AEJ SN
. ~
AXis o ——— ——
~10°N 850hPaStreamlines

Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)



AEW synoptic structure over West Africa.

Northern (Dry) Vortex
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Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)



AEW synoptic structure over West Africa.
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Southern (Moist) Vortex

~10°N 850hPa Streamlines

Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)



AEW synoptic structure over West Africa.
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~10°N Max Convection (and rainfall).

Synthesis of Carlson (1969a, b), Burpee (1972,1974), Reed et al (1977)
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tropical cyclogenesis
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Tropical waves/African easterly waves move westward
within the trade wind flow south of the Bermuda-Azores high
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Frequency by month

Tropical Waves tracked by NHC
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Tropical wave activity in terms of numbers is highest June-August
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Schematic diagrams
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Classic inverted V-shape near the eastern Caribbean
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At what pressure level is the maximum
amplitude?

700>

(b)500 mb
(c) 200 mb
(d) surface
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Surface Wave Axis

7

S
'd __:,f"/

r

Wave Axis Mid Levels

BOW TOW
Surface Isobars Streamlines at 3000 - 4600 meters
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— Wave Axis at Surface and Aloft Surface Divergence & Convergence Patterns

* Notice eastward slope will height
e Maximum amplitude is around 700 mb
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What happens when tropical waves interact with
upper-level lows and troughs?

(a) Convection decreases
b) Convection increases
(C ' one forms




Although interaction with upper-level
lows are unfavorable for tropical

cyclogenesis, it can often induce heavy
rainfall.
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9 NNNGEREN  cause convection to become chaotic
and difficult to predict.




WEATHg,
’?\l\

Saharan Air Layer &

Very dry/warm air in the low-mid levels
of the atmosphere limits convection.
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Tool to help track the strength and position of the SAL
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NHC Products



Analyze current positions every 6 h
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TAFB products: Tropical Weather
Discussion

TEOFICAL WEATHEFR DISCUISION FOR NORTH AMERICA...CENTRAL
AMERICA...GULF OF MEXICO...CARIBEEEAN ZJEA...WORTHEEFN JECTIONS
OF SOUTH AMERICA...AND ATLANTIC OCEAN ToO THE AFRICAN COAST
FEOM THE EQUATOFR ToO 3ZN. THE FOLLOWING INFORMATION I3 BASED
ON SATELLITE IMAGERY...METEOQROLOGICAL ANALYSIS...WEATHER
OBESERVATIONS...AND RADAR.

BASED ON 1800 UTC SURFACE AWNALYIIS AND SATELLITE IMAGERY THROUGH
2315 UTC.

« TROPICAL WAVES... DiSCUSSion Of

A TROFPICAL WAVE IS ALONG 32W 3 OF 17N MOVING W NEAR 13 ET. THI3

L]
WAVE COINCIDES WITH A DEEP LAYVER MOISTURE MAXIMUM OBSERVED IN troplcal Waves

TOTAL FRECIFITAELE WATER IMAGERY. ISOLATED MODERATE CONVECTION
I3 FROM 13N-15N BETWEEN 30W-34W.

A TROFPICAL WAVE IS ALONG 4°2W 3 OF 14N MOVING W NEAR 15 ET. THI3
WAVE REMAINS ON THE LEADING EDGE OF DRY SAHARAN AIR AND DUIT
INHIBITING DEEF COWNWVECTION ALONG THE WAVE AKIS. HOWEVER...
SCATTERED JHOWERS ARE FROM 10MN-12N BETWEEN 46W-30W.

A TROFPICAL WAVE IS ALONG 66W 3 OF 18N MOVING W NEAR 15 ET. THI3Z
WAVE COINCIDES WITH A DEEFP LAYER MOISTURE MAXIMUM THAT STRETCHES
WNWD INTO THE SW WNORTH ATLC DUE TO AN UFFER LEVEL LOW CENTERED
WNEAR Z3Ne7W. INTERACTIONS EBETWEEN THE TROFICAL WAVE AND UFFER
LEVEL LoOW ARE PRODUCING SCATTERED SHOWERS AND IZOLATED MODEERATE
CONVECTION FROM 10N-15N BETWEEN 60W-7OW.

A TROFPICAL WAVE IS ALONG S2W 3 OF 21N MOVING W NEAR 15 ET. THI3
WAVE LIES IN A BROAD AREA OF DEEF LAYEER MOISTURE OBIERVED IN
TOTAL FRECIFITAELE WATER IMAGERY. THIZ WAVE CONTINUEZ MOVING
BENEATH A DIFFLUENT FATTERN ALOFT ENHANCING SCATTERED MODERATE
CONVECTION OVER THE 3W CARIEEEAN 5 OF 12N AND ACROSI FPANAMA AND
COSTA RICA. ALZOQ SCATTERED MODERATE/ISOLATED STRONG CONVECTICN
I3 OVER THE NW CARIEBEEAWN N OF 18N EBETWEEN SOW-53W...INCLUDING
ORTIONS OF WEN CUBA AWND THE YUCATAN FENINIULA.
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72HR SURFACE FORECAST
ISSUED: 06:33 UTC JUN 9 2009
VALID : 00 UTC JUN 12 2009
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NWS/NCEP - TROPICAL PREDICTION CENTER/TAFB

Predict future positions: 24h, 48h, and 72h
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/I'ropical Weather Outlook

Five-Day Graphical Tropical Weather Outlook
National Hurricane Center Miami, Florida
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8:00 am EDT
Sun Sep 6 2020

Current Disturbances and Five-Day Cyclone Formation Chance: $8<40% $840-60% ¥ >60%

Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
® Post-Tropical Cyclone or Remnants
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Approximately 60 % of
Atlantic tropical cyclones

and 85 % of major hurricanes
originate from tropical

waves
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What is more important for tropical
cyclogenesis?

(a) the wave structure

@the environment
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Tools to track tropical waves
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Satelllte Hovmoller D|a rams

Time

Aug 28

Aug 29

Aug 30

Aug 31
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Surface Observations

e

DIDL DIYO
17 11 DIDK

.
SYHOP 100823/0000 STID P24C*10
100823/0000 METEQSATY VIS 0.6




Scatterometer

QUIKSCAT MRT winds CE0802 ascendin

=50 knata |

40 45

T e I T g
Fikrals Frerht t
w FF wm; %ﬁ%}ﬁ E ﬁ:._. " i’
T RaERAPE T
Sy S o £
" o :____A.ﬂ.m o T T | iﬁaxb}ﬁ%mmmw
.ﬁa : L wiﬂfﬂﬁwﬁ”h;,vﬁwm%ﬁﬁﬁ%
i N AT rr I :
AR A L IR NN U oy XA
“Glu f.fw»r TR ﬁf% v mﬂw%% TR ﬂ_fm
MNM Fﬁfﬁfrrf&ﬂm»?ﬂﬁﬂ R NI uﬁa%bﬂwwa i r
_,?M,_wm_ﬁ ﬂﬂ»p _W%..f.ﬁ.,,_J...m.m..am_m_._..; . .._mw
b ddg S DI R SIS Y 3
S R R
A I SRR TR S AT G (AT .
: < RGN AT
S B R S Y B
R R P S AP SR PRI (Nt
ﬂﬂﬂ M SR _ﬂﬂ Mwﬁ G M_ﬂ RN
: : <, )
it M_TN Mﬁﬂmﬁi A,ﬂfﬁﬂ,‘.,%ﬁﬁafﬁ X
e TR G
RIARIT I AT R
il ﬂ_ﬂﬁiﬂﬂ;
ferm A0 0T
LEAE S :
Al :
3 :
e
; B iy T

10i 28

NCwa NESDIS /Offica of Rassarch ond Applicotiona

Mote: 1) Timaa are GMT 2)Tirmaa correapond to 10M at right swath edga — tima = right awath for overapping awaths ot 10N
3)0ota buffer i= 24 hra for DBJA0Z 4)Black barbe indicaote poasible rain contamination



EATH,

WEATHE,
Lyt @
Z ol
8 2
7 5
1 ¢

***

- Total Precipitable Water

Marphed composite: 2007-08-04 00:00:00 UTC

Latitude

Longitude



Latitude

Wave Splitting

Morphed composite: 2003-10-30 00:00:00 UTC

-50
Longitude

The northern portion of the wave often fractures but
the southern extension continues moving westward
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Tools to track easterly waves:
Tropical Wave Diagnostics




GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 22 Jun 122, Forecast: 0 hr, Valid: 22 Jun 122
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 22 Jun 182, Forecast: 0 hr, Valid: 22 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 23 Jun 002, Forecast: 0 hr, Valid: 23 Jun 00Z

45°N

30°N

15°N




GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 23 Jun 062, Forecast: 0 hr, Valid: 23 Jun 062
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 23 Jun 122, Forecast: 0 hr, Valid: 23 Jun 122
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 23 Jun 182, Forecast: 0 hr, Valid: 23 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs)

Run: 24 Jun 00Z, Forecast: 0 hr, Valid: 24 Jun 002




GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 24 Jun 062, Forecast: 0 hr, Valid: 24 Jun 062
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 24 Jun 122, Forecast: 0 hr, Valid: 24 Jun 122
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs)
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Run: 24 Jun 18Z, Forecast: 0 hr, Valid: 24 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 25 Jun 00Z, Forecast: 0 hr, Valid: 25 Jun 002
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10° K kg'' m® s™, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 25 Jun 062, Forecast: 0 hr, Valid: 25 Jun 062
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 25 Jun 12Z, Forecast: 0 hr, Valid: 25 Jun 122
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 25 Jun 18Z, Forecast: 0 hr, Valid: 25 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 26 Jun 00Z, Forecast: 0 hr, Valid: 26 Jun 00Z
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 26 Jun 06Z, Forecast: 0 hr, Valid: 26 Jun 062
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 26 Jun 12Z, Forecast: 0 hr, Valid: 26 Jun 122
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GFS 310K Potential Vorticity and Wind
PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 26 Jun 18Z, Forecast: 0 hr, Valid: 26 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 27 Jun 00Z, Forecast: 0 hr, Valid: 27 Jun 00Z
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 27 Jun 06Z, Forecast: 0 hr, Valid: 27 Jun 062
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 27 Jun 12Z, Forecast: 0 hr, Valid: 27 Jun 122
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 27 Jun 18Z, Forecast: 0 hr, Valid: 27 Jun 182
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GFS 310K Potential Vorticity and Wind

PV (PVU = 10°K kg m? s, shaded; 1.5 PVU bold black contour) and Wind (kts, barbs) Run: 28 Jun 00Z, Forecast: 0 hr, Valid: 28 Jun 00Z
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Tro p ical Wave 2

Date:
Wave Number; £
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Tropical Wave 3

Date:

Wave Number:
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