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UNIVERSITY OF LEEDS

~

Haboob
-

—_ . » - S X Sl

Khartoum/Sudan, 29 April 2007 (Source: http://anthropoasis.free.fr)

r 12

360 -

' Marticorena et al. [ACP, 2010] |

315

270

. 225 1
Cumulonimbus

—_ c

0 ] -]
= o

% cloud Dust o 8

o / T

:'.2 41 T c

~ c 135 am—

£ ‘ S S

C_D - ’dg Head ' \ 920

o 2 _ Wake !

N Y\o Vi 45

" Strong wind T
S TTTTTTTTT7T77777 7777777 7SS S S S S RS S S s 6,5‘;0 e 000 P o8 1200 0
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Nocturnal Low-Level-Jet (NLLJ)

AMMA/Sahel Bodélé LLJ
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7 — 12 March 2006
Dust Source Activation (DSA) over North Africa based on Meteosat IR Dust Index
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Fraction of observed DSA per day



Cascade

http://climate.ncas.ac.uk/Cascade

Cascade Project Simulation

First convection-permitting
simulations covering West Africa

UK MetOffice Unified Model (UM),
version 7.1

Horizontal grid spacing:
40,12, 4 km and 1.5 km

Modelled period:
25 Jul — 2 Sep 2006

Initial and boundary conditions:
ECMWEF 25-km forecast

Previous 10-day study by
Marsham et al. [GRL, 2011]
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Dust Emission Scheme (DES)
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Offline version of DES Tegen et al. (2002; 2004)

« 3 different land surface parameterisations
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ical Parameters of the Dry Soil Size Distributions for Soils of the North of Africa [Marticorena et al., 1997a]: Median
B L08 ), Standard Deviation (oi), and Mass Fraction (Pi)

Population 1 Population 2 Population 3
Dmed]l, P1, Dmed2, P2, Dmed3, P3,

Typology pm ol (%) pm o2 % pm a3 %
Silty fine sand (SFS) 210 1.8 62.5 125 1.6 375
Medium sand (MS) 690 1.6 80 210 1.8 20
Coarse sand (CS) 690 1.6 100
Coarse medium sand (CMS) 690 1.6 90 210 1.8 10
Fine sand (FS) 210 1.8 100
Silty medium sand (SMS) 125 1.6 375 210 1.8 31.25 690 1.6 31.25
Moderately salty silt (SEM) 520 1.5 80 125 1.6 20
Highly salty silt (SEF) 520 1.5 92 125 1.6 8
Calt wmeta (CUN 178 6 50 520 ].5 50

; : 5 100 - - -
Detaledsolldatabase @« = w4 w0 o onieral [JGR, 2008]
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Role of Moist Convection & NLLJs
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Daily Cycle of Dust Emission
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 Analysis by time of day suggests slightly higher dust emissions due to moist
convective cold pools (haboobs and microburst-like events)

« Cold pools are highly efficient in dust source activation compared to LLJs
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Daily Cycle of Dust Emission
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» > 50% of dust emissions occur from afternoon to night, which are supposed to
be due to convective cold pools (haboobs and microbursts)

« Cold pools are highly efficient in dust source activation compared to LLJs
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Daily Cycle of Dust Emission
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» > 50% of dust emissions occur from afternoon to night, which are supposed to
be due to convective cold pools (haboobs and microbursts)

« Cold pools are highly efficient in dust source activation compared to LLJs



Role of Moist Convection & LLJs
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Dust Emission vs. Cloud Cover
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« 80% of moist convective dust events are at least partly obscured by clouds

« Satellite retrievals are likely biased towards NLLJ-induced dust emissions



Sensitivity Study
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Sensitivity to Surface Characteristics

Afternoon to Night-time Emissions
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 Different DES favour different source regions and meteorological drivers



Quantification of Key Processes :
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Objective Detection of Cold Pools and NLLJs

Total Hourly Dust Emissions

Detection of cold-pool

5 20060726 2006:0902 and NLLJ-related dust
| — Total — - Cold Pool | emission using objective
= Cold Pool and LLJ - = LLJ "
4 [ O?hersooor ::n-detected = = Cold Pool and LLJ — a|gOrItth

 NLLJs:40%
» Cold pools: 27%

« Other processes and
missed detection: 14%

* Problem: Ambiguity
during evening and
night-time hours (19%)

Dust Emission Flux (Mt)

Time of Day (hrs)



Quantification of Key Processes

B cCold Pool I Cold Pool and LLJ
B L [ 1 Others or non-detected



Summary
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* Moist convective cold pools and break-down of nocturnal low-level jets
are key meteorological processes of desert dust mobilization

» Assessing their contribution to the Saharan dust production through
observations and modelling is still challenging

 First convection-permitting, continental-scale Cascade simulations are
used for offline dust emission computations over summertime W-Africa

« Time-of-day analysis: 53% afternoon-night emissions supposed to be
related to the more efficient moist convective events

» Detection method: 27% and 40% contribution by cold pools and NLLJ,
respectively, but 19% ambiguous detections

« Tests with different dust schemes show sensitivity of each NLLJ and
cold-pool induced dust mobilisation to land surface characteristics
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Detection Algorithms
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Nocturnal LLJs Convective Cold Pools
* New objective detection - Detection of cold-pool-related
algorithm for low-level jets dust emissions
 Based on criteria for static « Testing multiple thresholds
stability and vertical wind shear within 40 km radius
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Dust Emission Scheme (DES)
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Offline version of DES Tegen et al. (2002; 2004)

« Dust emission depend on:

- Surface wind speed (UM)

- Vegetation cover and type (external data set)
- Surface roughness (external data set)

Soil texture (external data set)

Soil moisture, snow cover (UM)

 Dust emission flux:

F=aA, G- (1-A I,

Snow )

2
G=’[()g“-uf°2[(l+uu“)(l— 5] for uezue




Cascade
Scale Interactions in the Tropical Atmosphere UNIVERSITY OF LEEDS

Cascade Project

« UK NERC-funded consortium (Walker Inst., U. Reading, U. Leeds, U.
East Anglia, MetOffice, NCAS, BADC)

* Investigation of organisation of tropical convection at different time and
length scales

« Satellite observations and high-resolution regional modelling over West
Africa and Indian Ocean / West Pacific

* Funding period: 2008 — 2012
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