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Intro

Saharan Air Layer (SAL)

» An extended warm, dry, and potentially dusty air mass from
the Saharan Desert to the Atlantic Ocean (~ 850 to 500 mb)

SAL Conceptual Model

"Ka{ryampudi et al. 1999 BAMS




Intro

Un

Dust & TC Activities

15-60 W 0-30 N, Aug 20 - Sep 30

AVHRE Dust [%]

0.0

40

10

| | P T TR A N T I_O

1980

1990 1995 2000 2005
Years

—4p— AVHRR —@— TC Days
(Evan et al. 2006)

1985



Questions to address

» Is there any relation between SLA and TC

genesis? (use ERA Interim data)

> Does dust have any influence on hurricane

intensification? (use numerical simulation)



ERA Analysis
Storm tracks (ERA 850-mb vorticity)
33°W

~ 850-hPa :vor'ﬁcify st

30N ~—

aon| s o

10N -

-

©
N

) L

%OW o0w 40W JOW ZOW 10W 0 10E
| s (Topograph
50 250 450 650 B50 1050 12560 1450 ( p g p y)

Early developing disturbance (EDD) (green; 25 cases)
Non-early developing disturbances (NON) black; 33 cases)
8/33 are late developing disturbances (LDD)



FRA Analysis

Vortex Merger Processes

Type 1 Type 2 Type 3
(southern local vortex) (remnant vortex) (northern elongated vortex
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24/25 EDDs & 11/33 NON's involved vortex merger
20/24 EDDs (83%) involved type 3.

8/33 are LDDs & 5/8 involved vortex merger


Presenter
Presentation Notes
This slides shows three kinds of mesoscale vortex merger. The vortex associated with AEW (B) can either merge with the local vorticity maxima on the windward side (A), with remnant vorticity scattering within the confluent zone (C), or with the vorticity strip from the north (D). 



ERA Analysis

ECMWF Re-Analysis (ERA) Interim dataset

Shading: 900-mb SAL
Contour lines: 900-mb vorticity
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ERA Analysis
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ERA Analysis

900-mb SAL & Vorticity, and SLP

Valid: 0000 UTC Mon 14 Aug 06
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ERA Analysis
Vorticity Budget

Shading: divergence forcing
Blue contours: 900-mb vorticity
Green contours: 900-mb geopotential
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ERA Analysis
Vorticity Budget

Valid: 1800 UTC Thu 31 Aug 06
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Composite Daily Aerosol Optical Depth (AOD)
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Does dust matter to hurricane
Intensity?


Presenter
Presentation Notes
Next I would like to show a series of composite figures that are taken at 1200 UTC of the day when waves reached 17 degree west. Compared to NON, TDE has south intrusion of dust associated with SAL. This would result in the positive temperature gradient anomaly and enhancing AEJ via thermal balance. In addition,  TDE has a larger blank area due to cloud contamination, which represented a stronger ITCZ. 



Potential Impact of Saharan Dust on TC Activities

Influences on the energy budget

Direct effect:

Indirect effect:

dust absorbing and scattering radiation
=> directly modifies energy in the
atmosphere and surface

dust acting as cloud condensation nuclei
and ice nuclei

=> changes cloud properties
=> indirectly modifies energy budget



Mode| development

WRF
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<+ Dust continuity equation

+ Dust-cloud-radiation effects

—_

*VC + Cpbl +Ceov * Cpic +Sc + E

C = pc (coupled variable)

H = Phs ~ Pht

¢ : Dust mixing ratio

S. : Sedimentation (time splitting)

E. : Source / Sink - emission, wet scavanging



Model development

Dust Particle Distribution

12 dust bins
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Mode| development

Short wave spectrum bands: 0.175 - 10 um divided into 11 bands
Long wave spectrum bands: 3.33 pm and above, divided into 9 bands
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Model development

Dust-Microphysics Processes (2-moment scheme)

Longwave SRhcz'.'rwgve
Radiation adiation

Change
@ ‘ Q energy budget

e

—> Deposition
Immersion Snow/

freezing Graupel
——————————————— O oC
Wet

scavenging cloud/rain
‘J Energy r'eleasg
Dust [« Evaporation Enerqgy absor'p’rion>




Dust experiment

Hurricane Helene (12-24, Sep 2006)
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Satellite obs

Hurricane Helene (12-24, Sep 2006)

(METEOSAT CIMSS/UW)



Dust experiment

Domain Configuration

WRF tracer model




Dust experiment
Numerical Experiments

00Z 08 - 00Z 18September, 2006
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Dust experiment

Integrated Dust & 700-mb Wind Vectors

NMYR, 12Z 12 Sep, 108h
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Dust experiment

12Z 12 September 2006, 108h, YMYR

(b) NMYR
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Dust experiment

Wind Difference at 600 mb (dust-rad effect)

NMYR - NMNR, 12Z 12 Sep, 108h
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Dust experiment

CALIPSO

CALIPSO

UTC: 2006-09-11 14-28-43 CALIPSO
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http://www-calipso.larc.nasa.gov/data/BROWSE/production/V3-01/2006-09-11/2006-09-11_14-28-43_V3.01_map_3.png
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Dust experiment

CALIPSO vs. Model Simulation

Simulated total dust (YMYR) Simulated extinction coefficient (817 nm)
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Dust experiment

Aerosol Optical Depth (12Z 12 Sep, 108h)

MODIS/MISR




Dust experiment

Aerosol Optical Depth (12Z 14 Sep, 156h)

MODIS/MISR
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Dust experiment

Aerosol Optical Depth (12Z 12 Sep, 108h)




Dust experiment

Shallow Vertical Wind Shear (126h, 06Z Sep 13)




Dust experiment
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Dust experiment

Min SLP (Sep 2006)

-o—-NMNR -o—-NMYR YMNR -o-YMYR -o—-0BS

1020

1010 |

1000

(o)
(o)
o

O
[oe]
o

SLP(hPa)

970

960
1212 1300 1312 1400 1412 1500 1512 1600 1612 1700 1712 1800

Time (ddhh)



Simulated Tb & 500-mb dust
(18Z Sep 10)
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Dust experiment
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@ Summary

SAL and TC genesis

* Most of TC s starting from African easterly waves
(disturbances) involve the type 3 merger process.

« EC reanalysis shows an elongated vortex often existing at
the southwest of Saharan low due to strong convergence.

* The vortex will be pushed southward when a low
propagates to western coast along the south edge of SAL,
increasing the opportunity of the type 3 merger process
and TC genesis.

Dust simulation:

» Dust-radiation interaction increases hurricane propagating
speed over Atlantic Ocean.

* A strong dust outbreak will very likely suppress hurricane
intensity.
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