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Figure 1.5: Principal pathways of the two major global dust transport systems. The
African dust exerts a strong seasonal component with summer trade winds carrying the
dust towards North America and the Caribbean and winter dust flow shifted to South
America and the Amazon rainforest. Throughout the year, dust storms from northern
Africa cross into the Mediterranean and Eumpe Asian dust from the Gobi is transported
to the Pacific mainly during dust events in spring. Extracted from Kellogg and Griffin

2006].
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Figure 1.4: Global column dust load for winter (DJF), spring (MAM), summer (JJA),

and fall (SON), derived from model estimates and experimental results. Extracted from

Cakmur et al. [2006].




Complexity of dust cycle
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Figure 1.8: An illustration of the phases of the dust cycle: entrainment, transport and de-
position. Atmospheric conditions, soil properties, land-surface characteristics and landuse
practice control the erosion process. Extracted from Shao (2008).
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How do we model ?

=i

b

Numerical Deterministic

* Mathematical representation of processes that affect air pollution.
* Requires a system of models to simulate: the emissions, transport (adv.
& diff.), chemical transformation (gas, aerosol, ag. phase), and removal
(wet & dry deposition) of air pollution.

Modelling system flowchart

parameterizations?

Turbulent mixing
and diffusion
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Model evaluation

* Determining the suitability of a
model for a specific application &
configuration.

The mineral dust cycle can be described by a set of £ independent equations of mass

continuity, with £ to be the number of particle transport bins, as exemplary shown

for the mixing ratio (y):
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Schematic for Global
Atmospheric Model
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Figure 2.5: Scheme of the major wind erosion processes with saltation, creeping and
suspension (due to sandblasting) in dependency of wind speed. The image is taken from

www.extension.purdue.edu/extmedia/AY /AY-271.html
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Dust models

Model Typical resolution Emission Transport bins Remarks
MATCH-DEAD research only MB95 flexibel (0.1-10 pm) offline
CMA-RDCM5 research only CHO4 flexibel (0.1-10 pm) offline

COSMO-MUSCAT-DES research only MB95 5 (0.1-24 um) rad. feedb.
DTA-CARMA 100 km /21 z W82 8 (0.1-5 pum) offline
NOGAPS-NAAPS Ixl® (242 W8S bulk (1 pm) offline
JMA-MASINGAR 1.25%1.25° TF94 10 (0.1-10 pm) online
RAMS-CFORS 80 km/22 z MB95 12 (0.1-25 pm) offline
CHIMERE-DUST 1%x1°/15'z AGO1/MB95  4-30 (0.18-126 pm) online
ECMWF-IFS 1%1°/91 % GX01 3 (0.03-20 pom) online
LMDzT-INCA 3.75x2.5°/19 z GO0 3 (0.01-42.3 um) online
Meteo-France MOCAGE 0.1x0.1°/47 z MB95 5 bins online
TAU-DREAM 0.33x0.33°/24 z SH93/N01 4 (0.7-38 pum) online
SKIRON 0.25%0.25% /38 z SH93/N01 8 (0.1-10 pm) online

BSC-DREAMSb 0.33x0.33°/24 z SH93/N01 8 (0.1-10 pm) rad. feedb.

Table 1.2: Overview of all dust models which are currently available. The following
acronyms for the emission schemes applied: W88 = [Westphal et al., 1988], IW82 =

[Iversen and White, 1982], CHO4 = [Cheng et al., 2004], TF94 = [Tegen and Fung, 1994],
SH93 = [Shao et al., 1993], GO0 = [Guelle et al., 2000], NO1 = [Nickovic et al., 2001], and
GXO01 = [Ginoux et al., 2001]. Model references are given in the text.
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WMO Sand and Dust Storm Warning Advisory and Assessment.System (SDS-WAS)

WMO SDS WAS | | Asia/Central Pacific Regj

Home About us Forecasts & Products Projects & Research Training & Conferences News & Events Contact us

Forecasts & Products

~ Dust forecasts
o BSC-DREAM 8h
o ECMWFMACC
o LMDZT-INCA
o CHIMERE
o METEO-FRANCE
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o TAU-DREAM
o NAAPS
¥ Nearre
observations
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o Forecast Verification
o Reanalysis
o Data access

Dust Forecasts are produced with atmospheric transport models.

Results of dusttransport simulations are by no means ohservations and can only he used as advisory infarmation.
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NAAPS

The Naval Research Laboratory (NRL) in Monterey, CA, has developed a near-operational system for predicting the distribution of tropospheric aerosols, NAAPS (Mawy Aerosol Analysis and Prediction Systern)
Global Aerosol Model. The NRL version uses global metearological fields from the Navy Operational Global Atmospheric Prediction System (NOGAPS) (Hogan and Rosmand, 1991; Hogan and Brody 1993)
analyses and forecasts on a1 X 1 degree grid, at 6-hour intervals and 24 vertical levels reaching 100 mhb. The original model used northern hemispheric, 12-hourly ECMWF fields on a 2.5 X 2.5 degree grid.
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World Meteorological Organization

Working together in weather, climate and water

WMO Sand and Dust Storm Warning Advisory and As t System(WMO SDS-WAS)

HOME CONTACT US TOPICS LINKS ASIA/CENTRAL PACIFIC REGIONAL CENTRE

Aboutus

Governance

Members

Media centre

Programmes

Meetings I w M O

Publications )
Learning WE&?“‘ Sand al‘ld Dust Storm

ST Warning Advisory and ¢
Partnership Assessment System

Themes
Vacancies
Visitors' info
Youth comer

Gender

Search all p
Search the site with
Google

% [Screen color contrast

for visually impaired

[t]TEZ:-it'le'll'_.' version

Dust Forecasts for the Asian Region

Regional Dust Models
= China Meteorological authority

= Japan Meteorological Authority

= Barcelona Supercomputer Centre

Global Dust Models
« ECMWF

= NRL Monterey

Note: SDS-WAS Portal for the Asian SDS-WaAS Node is under development an

posted when ready

(SDS-WAS)

Home wWeather/Earthquake News Releases

Home > Weather and Earthauakes > Aeolian Dust Information (Prediction)

Aeolian Dust Information (Prediction)
Select Surface / Total[Sutace concentration v

Aeolian Dust Information (Observation)

Valid for 0900 JST. 13 Noverber 2010 v Animation

> Notes

IAnalyzed|surface concentration for,09:00/)5 1)1 3|Novemberj2010)

{Surface]
{concen:

{Hion}
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Dust forecast evaluation

Lidars - EARLINET AERONET - ONLINE Meteosat Second Generation SeaWIFS

GSFC/S
R
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o won Annp AN
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pL A1 ] I"! HH P! |
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2 s
020618 Time UTC 020619

DUST CONC. (ug/m3) 19 JUN 2002 ETNA 20004 - 20070720

AOD AERONET

AOD DREAM FORECAST
AE > 0.6
AE<=06 &

onent(AE)
@

1.0 .
#

Aerosol Optical Depth(AOD) and Angsirom cexp
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06 i«’ Vo N PAN f = 2
\ Ly
0afth ] z . | %
?"& R 4
02 L - :" ”t. ‘,’n. L
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Model has shown good agreement with observations in a number of studies of single events (e.g.,
Ansmann et al., 2003, Papayannis et al., 2005; Balis et al., 2006; Pérez et al., 2006a;b; Jiménez et al,
2006 ....)
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NRT evaluation
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BSC-DREAMS8b assessment

e BSC-DREAMS8Db validation activites - BoDEx intercomparison
[Todd et al., 2008]

- SAMUM-I comparison [Haustein et al., 2009]

Regional model
intercomparison
in the Bodélé

19-05-2006 Ouarzazate, 30.94° N, 691° W 20-05-2006 Ouarzazate, 30.94° N, 6.91°W
[ et ey SRS
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Ongoing evaluation (Basart et al 2009)
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o Full year 2004 valiadation of BSC-DREAMS8b versus AERONET
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e Eta/DREAM model [Nickovic et al., 2001]

e Eta/BSC-DREAMSDb regional dust forecast model [Pérez et al., 2006]
http://www.bsc.es/projects/earthscience/ DREAM

e NMMB introduction

e The NCEP-ETA weather forecast model is replaced by a state-of-the-art
regional/global model with improved dynamics and physics:

9 N CE P 'N M M b * Under development at NCEP as evolution of the ETA model
. + Unified model with regional and global domain (embedded in ESMF architecture)
[Janjic, 2005, « Arakawa B grid and pressure-sigma hybrid coordinate [Arakawa and Lamb, 1977]
2007, 2009] * NMMB regional will become the next-generation NCEP mesoscale model for

operational weather forecasting in 2010
» Global dust forecasts up to7 days at sub-synoptic resolutions:

9 NMMb/BSC-DUST * Implementation of all common on-line dust modules for global simulations

* Nested regional domains at very high resolution will be available
[Pérez et al., 2008, 2011; * The current DREAM dust emission scheme is upgraded to a physically based
) scheme > explicitly accounting for saltation and sandblasting
Haustein et al., 2009, 2011] . New high resolution database for soil textures and vegetation fraction is included
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ATM

Coupler DYN-PHYS
> Dynamics export
T, U,V,Q,CW, Q2, OMGALF

A 4

RUN DYNAMICS RUN PHYSICS

Coupler DYN-PHYS
Physics Export [«
T,U,V,Q, CW, Q2
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R = p’ %)
NMMb/BSC-DUST-CHEM using Earth System Modeling:___;_ J"’ JOTHtE

ATM
Coupler DYN-PHYS
Dynamics export
T, U,V, Q, CW, Q2, OMGALF,
DUST, CHEM
RUN PHYS
(Dust
RUN DYN Emission, vdiff, deposition,
(DUST, CHEM chem emission, vdiff,
hadv,vadvﬂand hdiff) photolysis,
chemical mechanism,
deposition)
Coupler DYN-PHYS
Physics Export
T, U, V,Q, CW, Q2,
DUST, CHEM

DUST and gas-phase CHEM modules fully embeded within the atmospheric driver
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NMMB/BSC-DUST

e NMMB/BSC-DUST emission scheme

- Threshold friction velocity [Bagnold, 1941; Iversen and White, 1982; Marticorena and Bergametti, 1995]

DREAM: (D, W) =t (D)-H(w) NMMB-DUST :  w.,,, (D,z,,w)= sy, (D) -H(w) H=Moisture correction

R(zy,25) R=Drag partition correction

- Horizontal flux [White, 1979]
NMMB- = Pir 3 Z[(l+ ’"’”’j( u*’—”z’”lj-sij si=relative surface area

DREAM: Implicit in vertical flux DUST: of each soil fraction

- Vertical flux [Shao et al., 1993; Marticorena and Bergametti, 1995; Tegen et al., 2002]

2
DREAM:  Fy =cGpppp, us {1 - M] NMMB-DUST: F;=cadG ==> (1 >u.,,) a=sandblasting efficiency

U O=new source function

- Viscous sublayer effects near the surface [Janjic, 2001]
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NMMB/BSC-DUST

e NMMB/BSC-DUST deposition scheme

- Threshold friction velocity [Bagnold, 1941; Iversen and White, 1982; Marticorena and Bergametti, 1995]
- Horizontal flux [White, 1979]
- Vertical flux [Shao et al., 1993; Marticorena and Bergametti, 1995; Tegen et al., 2002]

- Viscous sublayer effects near the surface [Janjic, 2001]

- Turbulent deposition [Giorgi, 1986] o, =% (DREAM + NMMB-DUST)

Vg frolL Brownian diffusion, interception, impaction is considered

- Gravitational settling [Giorgi, 1986]

DREAM: v, =252 NMMB-DUST: v, =242 cc ce=Cunningham corrctin
- Grid scale precipitation [Slinn, 1983; 1984] NMMB-DUST:

In-cloud scavenging and Below-cloud

- Convective precipitation [Loosmore and Cederwall, 2004] scavenging (Ferrier microphysics for grid scale
and BMJ microphysics for convection)
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NMMB/BSC-DUST

e NMMB DUST parent soil s

Four top soil texture classes according STASGO-FAO 1km database are converted to 4 parent soil size categories following Tegen et al. [2002]
They are used to calculate horizontal flux
Dust horizontal concentration is calculated distributing the vertical flux of the first two parent soil categories over the 8 model particle bins
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Low sparse grassland (2) [

Bare desert (8) | | N
XXX s - & /
Sand desert (50)

ESL  Somideset shrubs 51) . USGS landuse datas_et [0-1] i ) L&
WSz Samidosartsae 52 ~_. 1km dataset with 94 landuse categories ' NESDIS vegetation fraction [0-1] %
- - 0.144 degree monthly 5-yr climatology . -

USGS-Preferential sources [0-1]
“__"[Ginoux et al., 2001]

0 =USGS -PREF-(1-VEGFRAC)-(1—SnowCover)
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e 128 CPUs

;¥ Useful Duration @ Iberia-1 28-CA.chop1.shifted. 2it. prv

|

Iberian Peninsula 4km

# Useful Duration @ Iberia-256-CA.chop1.shifted. 2it. prv

i||i|

i Useful Duration @ Iberia-512-CA. chop1.shifted. 2it.prv

|
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NMMB/BSC-DUST

e NMMB model setup > define the simulation characteristics

- Global domain
- 1° x 1° NCEP analysis meteorology data updated every 24 hours
- Non-hydrostatic physics

- 1/2° x 1/2° model grid resolution

—> 64 vertical (sigma) layers

- Dust cold start period of 3 days

- SAMUM period in May 2006

- No wet deposition in this simulation

—> All results are preliminary!

BSC - Mare Nostrum
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20-05-06 12z dust optical depth 550nm

NAsPS Dust Optical Depth for 12:00Z 20 May 2008
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NMMB/BSC-DUST

,,,, e 5

- "

s || 20—-05-06 12z dust col load (g/m*2) and 3km wind
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NMMB/BSC-DUST

e NMMB results Il comparison dust AOD 550nm & OMI aerosol index
BSC-DREAMS8b NMMB/BSC-DUST OMI Al

19-05-06 12z TOMS Aerosol Index (OMI Al) and cloud cover
o

DREAM

19-05-06 12z dust optical depth 550nm
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NMMB/BSC-DUST

19-05-2006 Ouarzazate area
T 1 | T T
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- very pronounced diurnal dust cycle
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NMMb/BSC-DUST

e NMM b/ BSC-DUST results vertical cross section dust extinction coefficient (Ouarzazate)

height [m]

height [m]

19-05-06 12z dust extinction coeff 07W (1/km), wind, theta 19-05-06 12z dust extinction coefficient 07W (1/km) I 19-05-06 12z dust extinction coefficient 07W (1/km)
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9000 1 1
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DREAM BSC-DREAMS8Db operational NMMB-DUST
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Global dust simulations with NMM/BSC-Dust 0.3333 deg meridionally (37 km)

11-25 May 2006: Samum campaign period 64 vertical levels resolution, comparable
to operational GFS resolution

Qk l l M ' ' ' \J \J -
150W 120W 30W 0 30E 60E 90E 120E 150E

M i | | | [ ——
0.005 0.03 0.1 0.2 0.35 0.5 0.75 1 30
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Full year 2006 simulation

Simulation:

e Global simulation for year 2006

e 0.7°x0.5°x 40 vertical levels

e Cold start without data assimilation
[

Initial conditions from NCEP analysis 1x1°. Meteorological fields updated
with NCEP every 24 hours.

Aeronet validation:

e Aeronet data here is Coarse AOD (mainly dust over dust affected
stations)

e \We validate daily averages
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Blida : AOD for 2006 - NMMb/BSC-Dust vs AERONET
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BSC air quality modelling activites \; m'

e CALIOPE daily experimental forecast and verification

v" Daily experimental forecasts for meteorology and air quality (12 km for Europe and 4 km for the
Iberian Peninsula) (http://www.bsc.es/caliope).

e BSC-DREAMS8b daily forecast and verification

North Africa/Mediterranean - 1/3 x 1/3 degree resolution —
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http://www.bsc.es/caliope
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http://www.bsc.es/projects /earthscience /DREAM
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