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Air pollutants and their impact
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+ At-risk groups include:
— People with lung disease such as

Health Impacts: “Pyramid of Effects”

asthma or chronic obstructive
pulmonary disease (COPD).

Children.

Older adults. Severity
People who are more likely to be

eople who are more likely of Effects

exposed, such as people who are
active outdoors, including children

and outdoor workers. Doctor visits,

school absences

Chronic pollution Respiratory symptoms,

medication use, asthma attacks

—)

Lung function decrements, inflammation and

permeability, susceptibility to infection, cardiac effects

Proportion of Population Affected
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Alir pollutants and their health impact

How inhalation of particulate matter
may affect our health

l PM Inhalation

Lungs
m Inflammation
m Oxidative stress

m Accelerated progression
and exacerbation of COPD

m Increased respiratory symptoms
m Effected pulmonary reflexes
® Reduced lung function

o &  Systemic Inflammation
Oxidative Stress

m Increased CRP

= Proinflammatory mediators

m Leukocyte & platelet activation

[ ] ® Heart
m Altered cardiac autonomic function
m Oxidative stress

m Increased dysrhythmic susceptibility
m Altered cardiac repolarization k

\}

®m Increased myocardial ischemia

s e Blood i
m Altered rheology

®m Increased coagulability

m Translocated particles

m Peripheral thrombosis

m Reduced oxygen saturation

o Vasculature

m Atherosclerosis, accelerated progression
and destabilization of plaques

m Endothelial dysfunction

m Vasoconstriction and hypertension

® Brain

@ g:”":iz”:puﬁng m Increased cerebrovascular ischemia
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Dust cycle and associated processes

The following components have to take into account in the dust cycle:

Dust transportis a
global phenomenon.

However, dust
emission is a
threshold
phenomenon,
sporadic and spatially == i
heterogeneous, that SR = H_ & kit a5
is locally controlled | C e - - i %L_Lr-«
on small spatial and S Dust fransport |
temporal scales '- - T =

Dust emission is a
complex physical

process involving Dust removal
entrainment of soil 3 el

particles by the
surface winds .




a) DJF Column Dust Load (mg m™)
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Figure 1.4: Global column dust load for
and fall (SON), derived from model estin
Cakmur et al. [2006].

GINOUX ET AL.: ANTHROPOGENIC AND NATURAL DUST SOURCES

Number of days per season
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Figure 1. Global distribution of the number of MODIS DB AOD retrieval per 0.1° x 0.1° grid cell and
per season, averaged from 2003 to 2009.



lllusiration of the dust cycle in the Earth system and

most important dust processes [Shao et al., 2011]

#ir chemical reaction
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How do we model ?

Numerical Deterministic

* Mathematical representation of processes that affect air pollution.

e Requires a system of models to simulate: the emissions, transport (adv. %é -
& diff.), chemical transformation (gas, aerosol, ag. phase), and removal _
(wet & dry deposition) of air pollution. ) e

Modelling system flowchart

lemperdature ‘ MOdEI evaluation

Lo 1 l'"”d”” anthropogenic  =——
" wind gl * Determining the suitability of a

wind, soil moisture” K‘ "
\ dependent “f::; !“"v ’ biogenic F\ gaseous species model for a specific application &
Turbulent mixing | | Pa————— rF N VOCs \'i particulate matter configuration.
and diffusion
. uwhKz 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):

) Xk O\ ke ) ] : ) _ O
__\k = —u- _,_\k — v - (‘_\k (w — v k}-(,ﬁ— (IiH-V\k)—_.{— Ky - {_..\k
ot dx dvy 0z Jz

4+ (2 _ (2
ot source ot sink
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Technical University of Catalonia (UPC), Barcelona-  Spain

AETRIS Aerosols, Clouds, and Trace gases Research InfraStructure Network
|



Schematic for Global
Atmospheric Model
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Figura 3. Representacion esquematica de un mallado para un modelo Euleriano
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Dust forecasting models

Dust models are a mathematical
representation of atmospheric
dust cycle.

diogeochemistry

ﬁCEANS
grEy!E‘I:I‘II'. & Ocean Biogeochemistry

Unvegmhd Surface

v' To complement dust-related observations, filling the temporal and
spatial gaps of the observations.

v To help us to understand the dust processes and their interaction
with climate and ecosystemes.

v’ To predict the impact of dust on surface level concentrations used
as SHORT-TERM FORECASTING TOOLS (3-5 days ahead) or
CLIMATIC ANAYSIS (>30 years)
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Dust cycle and associated processes

Types of dust storms:
Synoptic dust storms (large scale weather systems)

e Prefrontal winds
e Postprontal winds
e Large-scale Trade winds

Well captured by models.
Mesoscale dust storms

e Downslope winds

e Gap flow

e Convection and Haboobs

e |nversion downburst storms

Is captured with difficulties by models. Some improvements in regional
models.
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Dust cycle and associated processes

Dust processes and controls Measurement and analysis methods
10*
Vegetation/landuse
Ts" 3 change
10 Long-range :
& .3 Mid-range
m 10 transport
b Dry/wet Remote
= removal sensing
5 10 .
a Cloud
E processing
S a0 In situ
10
data
Saltation Crust
1| | Entrainment formation
10
10"

10° 10" 100 10° 10' 10° 100 10*

spatial scale (km)

e Dust processes span over five orders of magnitude in space and time.

e To correctly describe and quantify the dust cycle, one needs to understand equally well
local-scale processes such as saltation and entrainment of individual dust particles as well as
large-scale phenomena such as mid- and long-range transport.

Accurate representation of dust sources and sinks is critical for providing realistic
magnitudes and patterns of atmospheric dust fields.
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Complexity of dust cycle

Impact on radiation
(Optical thick ness, backscatter)

e ED

I'ransport by
ﬁ wind & cloads Condensation nuclei
l“‘ﬂ deposition l Dry deposition Convection
3 ~ T Wind

< T -
Turbulent diffusion =+———

‘l -

‘
Dust emission - .
il texture T A

Trapped particles & . . wiet
PP o Saltation -—
- > il .

=
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v
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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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Mineral dust models

Mineral dust models simulate the atmospheric dust cycle and involves a variety
of processes:

a_Ck: —uaCk —VaCk (W—ng)a_ck D(KHDCK)—Q( a_ij F(a_ckj --(a_Ck)
at SOURCE at SINK

z
ot oX oy 0z 0z 0z
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection convection & diffusion diffusion deposition
gravitational
settling

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion



Dust forecasting models: Emission scheme

- Complex physical process involving entrainment of soil particles by the surface winds.

- Creep or rolling motion of the
largest particles (> 500 um)

- Saltation or horizontal motion of
large soil grains (sand) (50-500um)

- Suspension of dust

(after sandblasting

or saltation bombardment)
(0.1-50 um)

Movie from the COMET program at http://meted.ucar.edu/ of the University Corporation for Atmospheric Research (UCAR)
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Dust forecasting models: Emission scheme >

soil condition (texture, moisture, ...)

Main landscapes of the North Africa

Dust source function
(Photos from Callot et al. 2000) :

A) Central part of Saharan Atlas. In the
background, mountains, and in front, an
overgrazed plain;

B) Northern part of Saharan Atlas. Esparto
grass steppe degraded by a strong
anthropic action. The sandy soil disappears,
denuding the sandstone substratum;

C) The Great Hamada south-west of El-
Abiodh-Sidi-Cheikh;

D) Daia in the Mechfar, at Hassi Cheikh well;

E) North-east of the Great Western Erg:
coarse sand interdune corridor with
deflation cauldron and palaeolake deposits;

F) North-east of the Great Western Erg:
great coarse sand dome dunes, covered by
fine sand active dunes.
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Dust forecasting models: Emission scheme

Dust source function

-20 .15 <10 -8 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO BS S0 85 100

DUST HOT SPOTS ASSOCIATED WITH TOPOGRAPHIC DEPRESSIONS (Prospero et al., 2002)
Images show topography (color scale) and TOMS Al (contours)
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Dust forecasting models: Emission scheme

Dust source function: GOCART and NMMB/BSC-Dust models

. v &
[Jo

B H Low sparse grassland (2)
8 Baredesert(8)

-

[ xxx e

MSO  Sand desert (50) f = &;7
ISt Semi-desert shrubs (51) bz USGS landuse dataset [0-1]

BS2  Semi-desert sage (52) : ’

’ : 1km dataset with 94 landuse categories NESDIS vegetation fraction [0-1]

www = 0.144 degree monthly 5%yr climatology
EA e nos !

£_ :

y S
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Dust forecasting models: Emission scheme

Dust source function: Other approaches

.10 0.20 0.30 0,40 0.70 .80 Q.80

NAAPS model

Land use mask +

Erodibility map derived from TOMS
Satellite Al climatology

=30 : : ; : : : :
Jun 16 15:38:46 2000 NRL/Monterey Aerosol Madeling raaps_world_eredfrac.os

ECMWF-GEMS model

Background albedo in the ultraviolet-visible
part of the shortwave spectrum. Only albedos
with values between 0.09 and 0.54, assumed to
be representative of light-colored soil and
sparse vegetation are plotted.
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Dust forecasting models: Emission scheme

Parent soil size distribution

s

Four top soil texture classes according STASGO-FAO 1km database are converted to 4 parent soil

size categories following Tegen et al. [2002]
Barcelona
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Dust forecasting models: Emission scheme

o , leng-term suspension
T [= T4l
L B =
o 1 - 3 o
o o ;
short-term
saltation SHSpEnsMn
(70-500 um) (20-70 pm)
._._..--_-—-.ﬁ.._
- _-—-..___\"
---EIEI_---"' Creep
i (=500 gm) -—\
— @ 2 o ®
S i = ————-@..H‘"__. |

Scheme of the major wind erosion processes with saltation, creeping and
suspension (due to sandblasting) in dependency of wind speed.

Barcelona
@ Supercomputing Extracted www.extension.purdu.edu/extmedia/AY/AY-271.html
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Dust forecasting models: Emission scheme

c: dimensional scale dependent constant
Simple schemes proportinality
f: relative surface area of each soil particle
fraction (which includes de source function,
o)
U.. friction velocity
Us.: threshold friction velocity
P: polinomial of degree n

Formulation of vertical dust flux (F)

F=clf (P(u'u,) if u>u,

Uno et al. (2001)
CFORS

Liu and Westphal (2001)
COAMPS F= fuloz(ulo _ ulOt)

F= cuy0°(u10 — Ugot)

Liu and Westphal (2001)
COAMPS
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Dust forecasting models: Emission scheme

Threshold friction velocity (u.,)

Dust storm generation requires:
e High wind
e Wind shear and turbulence

200

— MB

— - Shao /1.65e-4/
- Shao /3e-4/

=== Shao /5¢-4/

e Unstable boundary layer

=

un

(=]
T

Friction velocity is the parameter
used by dust models since it
expresses wind speed,
turbulence and stability

100F .
\

saltation range

w
o

Threshold friction velocity [cm/s]

Threshold friction velocity vs particle radius -

10° 10! 102 10°
Particle diameter [pm]

Darmenova et al., 2009
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Dust forecasting models: Emission scheme

Simple schemes

Limitations

e Oversimplified physical representation of dust emission.

 Normalization constant ¢ is not known

e Erodible fraction is prescribed for predefined dust sources

e Threshold friction velocity is usually a fixed value (no dependence on the
land surface properties)

e Assuming constant threshold friction velocity will introduce bias in the
modelling of the timing and intensity of dust events.

 The prescribed constant is model dependent and can result in large
discrepancies in calculated dust loadings between different models.
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Dust forecasting models: Emission scheme

Physically based schemes

Vertical flux

I i
| |
I T |
i Vertical flux ( Vertical flux - | Vertical flux S .
: { Energy-based model J ’ Volume-removal model ] - \ [ Energy-based model W { Vertical flux ] :
: L ' i
! L !

(Shao et al. 1996) (Shao, 2004: Lu and Shao, 1999) (Alfaro and Gomes, 2001) B

I'_ ————————————————————————————————————————————————————————————————————————————— ]

: Horizontal flux :

! Horizontal (saltation) flux ( Horizontal (saltation) flux !

I (Owen. 1964) (White. 1979) 1

: L Friction velocity, soil size distrnibution Fnction velocity, soil size distnbution :

: A A !

I

Lo i i i i i e s s o i i i e e e e W W e . e N e i i e e i e i T 1
_______________________________________________________________________________ :
Threshold friction velocity :
ATl L cilan Moisture correction i : Moisture correction Threshold friction |
| velocity u. , (D) (Shao et al. 1996) ' (Fecan et al. 1999) velocity u,,, (D) l
| Volumetric soil moisture : | Gravimetric soil moisture, clay % ',
I Ll T I
1 Pl il I
: Smooth surface u., (D) Drag partition Vo Drag partition Smooth surface u,,,, (D) :
. (Shao and Lu, 2000) ~ (Staoetal 1996) N (MB1995, MB1997) (Marticorena ans Bergamet, 1995) | !
: Air density, soil particle density Vegetation fraction, roughness i Smooth roughness, surface Air density, soil particle density :
I densities : : roughness . - :

1

Physically-based dust emission schemes employ different parameterizations of the
related physical processes, as well as require different input data.
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Dust forecasting models: Emission scheme

Parent soil size distribution are used to calculate horizontal flux (H).
Dust horizontal concentration is calculated distributing the vertical flux (F) of
the first two parent soil categories (clay and silt) over the model particle bins.

Parameterizations of mass size distribution of the model at sources

Modal Sectorial
Fine particles <1pum Coarse particles > 1 um Source distributions
1,2

I - D'Almeida (1987)
- Condensation Mechanical process
g 1 Carbonaceous aerogdls “\ i 1 { ===Gomes et al. (1990)
s / v -
T [ : —

I ;

2! [y : © 08
%51 INU = =
. | Nucleation I % =
v @ 20,6
'E ] H °
3| 2 %
. : f"' ..\\\ o 0’4 1

I

: Coarse

i/ - 0,2

1/ s

(W ol =

| | | L= -
0,01 0.10 1.00 10.00 0 T T T T T T T 1

ameerof price () 015 0.25 045 078 1.3 22 38 7.1

reff (um)

Barcelona 8 bin size distribution from
Canter. Tegen and Lacis (1996) -

Centro Nacional de Supercomputacion




Mineral dust models

Mineral dust models simulate the atmospheric dust cycle and involves a variety
of processes:

a_Ck: —uaCk —VaCk (W—ng)a_ck D(KHDCK)—Q( a_ij F(a_ckj --(a_Ck)
at SOURCE at SINK

z
ot oX oy 0z 0z 0z
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection convection & diffusion diffusion deposition
gravitational
settling
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Dust forecasting models: Dry deposition scheme

Sedimentation and dry deposition

Movie from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Dust forecasting models: Dry deposition scheme

10 +
. — Total dry deposition /
iti 1 | — Gravitational sett
Dry depOS|t|0n depends on the . ravitational settling

wind speed 10 m s-1 /
2 01 =+
C I

0,01 E=

variety of factors such as
meteorological conditions near the
surface, physicochemical properties
of mineral dust and the nature of the i
surface itself. 0,001

0,1 1 10 100
Dust particle diameter, pm

after Slinn and Slinn model
(Atmos. Environ., 1980)

Deposition velocity on seawater
m

Dry deposition velocity is represented as 3 resistances in series
parallel to a second pathway - gravitational settling velocity:

FIN
- Aerodynamic resistance to transfer (r,) T“”b””i'k ) *, *
- Quasi-laminar surface layer resistance (r,) SR W T
- Resistance to surface uptake (r,) S @ e :
1 ___i _'_ ________ eiilee v it ey DD
Quasi-laminar sublayer o i
vd - ra - rb - rc > Fd - _C . vd “—_;ugﬁnﬁmm&gﬁ&—ﬁ'

Barcelona Adopted after Shao, 2000
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Dust forecasting models: Wet deposition scheme

Wet scavenging

N Y - ——"
The COMET Program

Image from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Dust forecasting models: Wet deposition scheme

In-cloud scavenging:

- nucleation scavenging by activation and growth of particles
to cloud droplets
- collection of a non-activated fraction of particles by
coagulation with cloud and rain droplets

Below-cloud scavenging:

Collection by falling raindrops of particles under their collision.

Decrease rate of the aerosol concentration due to wet scavenging in a layer with uniform
concentration can be described by a first-order equation:

The scavenging coefficient (C) depends on:
aC e the particle size and solubility
—==-AC e the collectors size distribution and fall speeds
e precipitation rate and phase (rain or snow).
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Dust forecasting models: Wet deposition scheme

Existing problems

e Rainout: The soluble fraction of dust is not well known, so assigned
scavenging efficiencies do not reflect regional specifics of dust properties
and their dynamics (i.e., mineralogical composition, aging, etc.)

e Washout: Problems in modelling of clouds and precipitation remain a
long-standing issue. Precipitation rates during violent convective rains are
often underpredicted.

* Dry versus wet deposition: The relative importance of dry or wet

deposition processes differs regionally and depends on the
meteorological conditions and used parameterizations.
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Mineral dust models:

Dispersion: advection, convection and diffusion

Mineral dust models simulate the atmospheric dust cycle and involves a variety
of processes:

oC aC aC oC d oC aC aC
ot [0 oy 0z 0z 0z Ot Jsouree ||\ Ot Jonk
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection convection & diffusion diffusion deposition
gravitational
settling
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Dust forecasting models: Dispersion

Movie from the COMET program at http://meted.ucar.edu/ of the University Corporation for Atmospheric Research (UCAR)
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Dust forecasting models: Dispersion

~11.5 km
Unstable
Environment —

0 \

Wind Direction

N 30km><

~3 km

Stable =
Environment
0 —

~3 km
Wind Direction 20

e 30km ><g

©The COMET Program
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Dust forecasting models: advection, convection and diffusion

Movie from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Mineral dust models

Mineral dust models simulate the atmospheric dust cycle and involves a variety
of processes:

a_Ck: —uaCk —VaCk (W—ng)a_Ck D(KHDCK)—Q( a_ij F(a_ckj --(a_Ck)
at SOURCE at SINK

z
ot oX oy 0z 0z 0z
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection convection & diffusion diffusion deposition
gravitational
settling
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Dust forecasting models: Dry deposition scheme

Sedimentation and dry deposition

Movie from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion




Dust forecasting models: Dry deposition scheme

10 +
. — Total dry deposition /
iti 1 | — Gravitational sett
Dry depOS|t|0n depends on the . ravitational settling

wind speed 10 m s-1 /
2 01 =+
C I

0,01 E=

variety of factors such as
meteorological conditions near the
surface, physicochemical properties
of mineral dust and the nature of the i
surface itself. 0,001

0,1 1 10 100
Dust particle diameter, pm

after Slinn and Slinn model
(Atmos. Environ., 1980)

Deposition velocity on seawater
m

Dry deposition velocity is represented as 3 resistances in series
parallel to a second pathway - gravitational settling velocity:

FIN
- Aerodynamic resistance to transfer (r,) T“”b””i'k ) *, *
- Quasi-laminar surface layer resistance (r,) SR W T
- Resistance to surface uptake (r,) S @ e :
1 ___i _'_ ________ eiilee v it ey DD
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Mineral dust models

Mineral dust models simulate the atmospheric dust cycle and involves a variety
of processes:

a_Ck: —uaCk —VaCk (W—ng)a_ck D(KHDCK)—Q( a_ij F(a_ckj --(a_Ck)
at SOURCE at SINK

z
ot oX oy 0z 0z 0z
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection convection & diffusion diffusion deposition
gravitational
settling
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Dust forecasting models: Wet deposition scheme

Wet scavenging

N Y - ——"
The COMET Program

Image from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Dust forecasting models: Wet deposition scheme

In-cloud scavenging:

- nucleation scavenging by activation and growth of particles
to cloud droplets
- collection of a non-activated fraction of particles by
coagulation with cloud and rain droplets

Below-cloud scavenging:

Collection by falling raindrops of particles under their collision.

Decrease rate of the aerosol concentration due to wet scavenging in a layer with uniform
concentration can be described by a first-order equation:

The scavenging coefficient (C) depends on:
aC e the particle size and solubility
—==-AC e the collectors size distribution and fall speeds
e precipitation rate and phase (rain or snow).
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Dust forecasting models: Wet deposition scheme

Existing problems

e Rainout: The soluble fraction of dust is not well known, so assigned
scavenging efficiencies do not reflect regional specifics of dust properties
and their dynamics (i.e., mineralogical composition, aging, etc.)

e Washout: Problems in modelling of clouds and precipitation remain a
long-standing issue. Precipitation rates during violent convective rains are
often underpredicted.

* Dry versus wet deposition: The relative importance of dry or wet

deposition processes differs regionally and depends on the
meteorological conditions and used parameterizations.
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Dust forecasting models

Barcelona

I i _ .
1 1 1 H
! METEO DATA i ] GIS DATA :
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: fluxes, soil moisture : | Surface topography and roughness :
e e e e e e . | Soil type & particle size distribution :
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i : i Land use !
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International Cooperative on Aerosol Prediction (ICAP)

NRL Monterey NAAPS Forecast

This page iz an offictal T8 Navy site and i interided as an internal research and development testbed.
Products should not be treated as operational forecasting tools!
NOT OFFICIAL FNMOC NAAPS Privacy Policy Disclaimer
Marine Mateorology Division (Code 7500)

http://www.nrlmry.navy.mil/aerosol U.S.Navy Navy Recruiting Navy FOIA ONR
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Dust forecasting models: SDS-WAS NA-ME-E RC

http://sds-was.aemet.es/

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

WMO Sand and Dust Storm Warning A ry andAsEEes, t System (SO5-WAS)

Dhiret Forea—tn You =re here: Home » Forecsst & Products » Dust forecasts
* Compared dust forecasts Dust forecaSts
by admin — last modified Oct 15,

BSC-DREAMEb

This page allows access to dust forecasts issued by different numerical models. Dust models may
have very different characteristics (global or regionzl, horizontal and wertical resolutions, dust
emission and deposition parameterizations, prasence or zbsence of dust =s=imilation, feedback to

MACC-ECMWF

INCA-LMD=zt
the meteorological model, | Information on the characteristics and configurations of the
* METEO-FRANCE models can be found on their respective websites.
= WMO SDS-WAS Regional Center. Compared dust forecasts
Chimeare
' SKIRON E %5 INCA-LMD=T
. i . tempersrily
" TAU/DREAM-8h SHipErary
MACC-ECMWF unzvailzble
* NAAPS
SEEVCCC = ]
eyt
L KoMerathce CHIMERE SKIRON
METEO-FRANCE
* TSMS/BSC-DREAMSh
e

' NASA-GEDS-5 e’ e ——
NMME/RSC TSt TAU/DREAM-Sb o
S DREAME-SEEVCCC
e . Z - e
- e
—_ il
. NASA-GEDS-5
U. K. Met Off
Latest News UEM o= TSMS/BSC-
DREAMED
Dust starm over Alaska
Oct 31, 2612 - —
5T T
ks
The WMO SDS-WAS i i
programme presented at — -
the v Afrimet conferance NMMB/BSC-Dust s
Oct 26, 2012
Link to NGAC dust forecasts « Print this
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Main differences between dust models

WO NI AWDNR

Atmospheric driver
Meteorological input files IBC
Emission scheme
Geographic-information database
Land-surface scheme

Dry deposition scheme

Wet depositioon scheme
Spatio-temporal resolution

Data assimilation

~
S
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Dust forecasting models: WMO SDS-WAS NA-ME-E RC

Atmospheric
driver and dust

Meteo.

Regional | . ol

Radiation

Horiz./Vert.

Emission

Surface

Transport

ETA/NCEP
BSC-DREAMS8b

Regional

radiation
feedback

0.39x0.3°
24 n-layers

Uplifting
SHAO

viscous
sublayer

NMMB/NCEP
NMMB/BSC-Dust

Regional
/Global

radiation
feedback

0.25°x0.25°
40 olayers

Uplifting
MB

viscous
sublayer

MACC

91 layers GINOUX | wind id 0.03-20 um ves

vewns | Govel | mewwm | o O on | wndfed | oatomm | ™
NAAIx?/GcngPs Global NCEP no 120; iyi:'isd U’J%tsi?g CZ/C;::(:); 0. gg-_g;n;m yes
ctosoasa | 00l | masa | L | Cies | amoux | velocty | ormdum |
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Dust forecasting models: BSC dust forecasting models

Historical evolution
NMMB/BSC-Dust

- Physically-based emission scheme .
- Improved transportand [
deposition Q
BSC-DREAMS8b
- Radiative feedbacks
8 bins size distribution
1 km USGS land use data set

DREAM @
| 9
NMMB
Dust
Regional Parallel
g Hydrostatic/Non-hydrostactic
mod elsr\,f' - Regional/globadl scales
Eta
NWP y
Sequential
models { Hydrostatic
" Regional scales
® ® (J {J
1990 2001 2006 2011
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The NMMB/BSC-Chemical Transport Model

SULFUR CHEM
-~e**==- WET REMOVAL 0°
 GAS-PHASE", Q SEDIMENTATION ‘(f’ o WATER 33;{‘&51,“ AND );' ‘gr'
“.CHEM '. (ss, BC, UPTAKE (" o504 "CONDENSATION ¢ || ™
CONV.MIXING  “-e.-o-= ] l Yol 0C,804) 777N o) oo 06309 Fowh oo i 03
Vimwuin®t L H20 seramaens Qo Oo S8 it » [e) Oz
C: oo . 3 o0 0C 5]
ADVERIRE RADIATIVE Og """" © © T o Q
DRY DEPOSITION
: NATURAL g Ghe i PHOTOLYSIS S A DIMETHYL SULFIDE ;( GASH
TDUST EMISSION | EMISSIONS l FEEDBACK '~.....,.: FEEDBACK T EMISSIONS ; EMISSIONS l

-~

NMMB/BSC-CTM

BSC-CTM

The main system is build on the meteorological drivell NMMB, \
under development at NCEP Nonhydrostatic Multiscale

Unified model for a broad range of spatial and temporal scales Meteoro'ogi‘t:f]' '\g"dfz:
on the B gri

Multiscale: global to regional scales allowed

Fully on-line access coupling: feedback processes allowed

http://www.bsc.es/projects/earthscience/nmmbbsc-project



Dust forecasting models: The BSC-DREAMS8b v2.0

= Daily forecasts in 2 domains:

- North Africa-Middle East-Europe (0.32 x 0.39)
- East Asia (0.52 x 0.59) =Near-real time evaluation: AERONET

®|ncluded in the CALIOPE AQF system

=Dust forecast evaluation studies:
- Single events in the Mediterranean
(e.g., Papayannis et al., 2005;
Pérez et al., 2006; Gobbi et al.,

2013, ...)
- Experimental campaigns in source
: regions
= Main features
| - BoDEX 2005 (Todd et al., 2008)
- 8 particle size bin distribution (0.1 -10 pum) - SAMUM 2006 (Haustein et al.,
- Dust radiative feedbacks (Pérez et al., 2006) 2009)
= Latest developments (version 2.0; Basart et al. - Anual evaluation over North Africa,
2012a) Mediterranean and Middle East

(Pay et al., 2011; Basart et al.,

- Updated dry deposition
2012b)

- Inclusion of a preferential source mask

@ g”t’i‘"’"“ http://www.bsc.es/projects/earthscience/BSC-DREAM/ 52
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Dust forecasting models: The BSC-DREAMS8b v2.0

MSG/RGB

BSC—-DREAM8Bb Dust Loading (g/m~2) and 3000m Wind
Oh forecast for 12UTC 28 APR 12
B 3 . N,y VO : i T

Daily verification

=T Satome T oo |

Burjassot 20120501 - 20120421
20
AODDREAM ' ©
AOD DREAM FORECAST ———
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<
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&
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< \
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Inclusion of new satellite aerosol products: OMI, CALIPSO and MISR
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Dust forecasting models: DREAM and BSC-DREAMS8b

&

Study Region

North Africa-Middle
East-Europe

Western Mediterranean

Spain

Portugal
Italy

Eastern Mediterranean

Central Europe
Georgia

Sub-Tropical Eastern
North Atlantic

North-Central Africa

Morocco

Centro Nacional de Supercomputacion

Basart el al. (2009)
Basart et al. (2012b)

Papayannis et al. (2008)
Pay et al. (2010)
Basart et al. (2012a)

Pérez et al. (2006a)
Pérez et al. (2006b)

Jiménez-Guerrero et al. (2008)
Pay et al. (2012)
Borrego et al. (2011)

Kishcha et al. (2007)

Balis et al. (2006)
Papayannis et al. (2009)
Amiridis et al. (2009)
Papanastasiou et al. (2010)
Klein et al. (2010)

Kokkalis et al. (2012)
Alonso-Pérez et al. (2011)
Todd et al. (2009)

Haustein et al. (2009)

BSC-DREAMS8b
BSC-DREAMS8b

DREAM
BSC-DREAMS8b
BSC-DREAMS8b

BSC-DREAMS8b
BSC-DREAMS8b

DREAM
BSC-DREAMS8b
BSC-DREAMS8b

DREAM
DREAM
DREAM
BSC-DREAMS8b
BSC-DREAMS8b
BSC-DREAMSb

BSC-DREAMS8b

DREAM

BSC-DREAMS8b

BSC-DREAMS8b

Annual (2004)
Annual (2004)

Long-term (2000-2002)
Annual (2004)
Annual (2004)

Dust event (April 2002)
Dust event (June 2002)

Dust event (June-July 2006)
Annual (2004)
Annual (2010)

Long-term (2001-2003)

Dust event (August-September 2003)
Long-term (2004-2006)

Dust event (May 2008)

Long-term (2001-2007)

Dust event (May-June 2008)

Dust event (May 2009)

Long-term (1958-2006)

Dust event (BodEx, March 2005)

Dust event (SAMUM, May-June 2006)
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Dust forecast evaluation
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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,
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Atmos. Chem. Phys.. 13. 7395-7404. 2013 Atm ospheric o
www.atmos-chem-phys.net/13/7395/2013/ » S
doi:10.5194/acp-13-7395-2013 Chemistry >
© Author(s) 2013. CC Attribution 3.0 License. and Physics &

Changes in particulate matter physical properties during Saharan
advections over Rome (Italy): a four-year study, 2001-2004

G. P. Gobbil, . Angelini', F. Barnaba', F. Costabile!, J. M. Baldasano>>, S. Basart’, R. Sozzi*, and A. Bolignano*

Unstitute of Atmospheric Sciences and Climate. ISAC-CNR. Rome, Traly

2Barcelona Supercomputing Centre — Centro Nacional de Supercomputacién (BSC-CNS), Barcelona. Spain
*Environmental Modelling Taboratory. Technical University of Catalonia, Barcelona. Spain

4L atium Environmental Protection Agency (ARPA Lazio). Rome. Ital

a) VELIS frequency of dust events b) DREAM frequency of dust evenls

- 2001
I 2002

2008 |
£ 20/ | B 2004 |
515 | I 2001-2004 i

{:] VELIS mean ext. durlng dust events d) DREAM mean ext. during dust events
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a 2 4 B 1} 10 o

km AGL km AGL

Fig. 2. Vertical distribution of Saharan dust layers properties as ob-
served by VELIS (left column) and forecast by BSC-DREAMSb
(right column). respectively: frequency of Saharan dust occurrences
at least m one altitude bin (a, b) and average dust extinction coeffi-
cient (km™! at 532 nin) per yvear (c, d).

Table 2. Percent of advection days. ground contacts. average
532nm optical depth and relevant standard deviation of Saharan
dust events as observed by the VELIS Lidar and forecast by BSC-

DREAMSED.

2001 2002 2003 2004 AVG
% Dust Days
Lidar 256 250 255 383 286
BSC-DREAMSD 259 260 249 268 259
% Ground Dust
Lidar 15.6 147 156 24. 17.5
BSC-DREAMEDL 126 134 13.1 13.1 13.0
Avg. dust AOD
Lidar 0.09 0.13 015 0.13 0.13
BSC-DREAMSDH 0.08 0.10 008 0.07 0.08
St.dev.dust AOD
Lidar 0.07 0.10 0.17 0.10 0.11
BSC-DREAMSD 0.09 0.11 0.09 0.08 0.09
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Systematic comparison of dust BSC-DREAMSb modeled profiles with Potenza EARLINET lidar database
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Differences related to small quantity
of aerosol and techniques sensitivity
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This estimate of the center of mass gives us Top
information about the altitude where the I 7 Warameter 7

most relevant part of the aerosol load Is  cqop\ = Base
located.

Top
f Parameter (Z
Base

I Lidar
2z DREAM

COM, ., = (3.5 1.0) km
CoMp..n= (3.8+1.3)km

Perfect agreement in terms of:
»mean value

»>variability
»distribution

Center of Mass [km]
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Point-to-point differences
of estimated CoM

GaussianFit

Xc = (-0.17 £0.02) km
o = (0.60 £ 0.02) km
r=0.986

Good performances of BSEDREAMS also for the estimation
of CoM for each single case.
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Universidade de Aveiro - BSC-CNS

Iong-range transport patterns: Pm10 concentration in Praia, Cape Verds

at 1492N 2348 W

Source

PM10 concentrations measured are much

higher when air masses arriving to Praia belong
to cluster 2, followed by cluster 1.

TRAJECTORY CLUSTER

PM10 MEASUREMENTS IN PrRAIA, 2011
GROUP BY TRAJECTORY CLUSTERS

ST

0 50 100 150 200 250 300 350 400
measured PM10 (pug.m™*)
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long-range transport patterns: pPm10 concentration in Praia

x| TRAJECTORY CLUSTER

MODELLING MEASUREMENTS
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PM10 model simulations are also higher when air masses
arriving to Praia belong to clusters 2 and 1.

However, measured and modeled concentration
magnitudes are different.




Universidade de Aveiro - BSC-CNS

Surface dust concentrations in Praia, Cape Verde

PM CONCENTRATION PROVIDED BY
THE MODEL FOR DIFFERENT BINS

35
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Universidade de Aveiro - BSC-CNS
Surface dust concentrations in Praia, Cape Verde

Praia, Cape Verde
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spatial and temporal variation of PM concentrations

SURFACE CONCENTRATIONS — PERIOD ASSOCIATED WITH CLUSTER 2

BSC-DREAM8b 20110223 _00h

g.m-3)

190

o
o
SCONC_DUST (u
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3D structure

Mineral dust concentrations vertical profile, along a selected trajectory

February period versus June period

BSC-DREAM8b 20110223 00h

February

14 ‘ .

trajectory

Cabo

Verde BSC-DREAM8b 20110613 00h

trajectory




Dust forecasting models: The NMMB/BSC-Dust model

= Evolution of the BSC-DREAM8b model (Nickovic et al., 2001; Pérez et al., 2006)

= NMMB/BSC-Dust is embedded into the NMMB model and solves the mass
balance equation for dust.

= NMMB/BSC-Dust (Pérez et al., 2011; Haustein et al., 2012) main features:

- Implementation of all common on-line dust modules for global and regional
simulations

- Nested regional domains at very high resolution are available

— The current DREAM dust emission scheme is upgraded to a physically based
scheme

- explicitly accounting for saltation and sandblasting
- New high resolution database for soil textures and vegetation fraction is included

» Pre-operational dust forecasts in the BSC website (global/regional) and
participating in the ICAP initiative (global)

http://www.bsc.es/projects/earthscience/nmmbsc-dust-forecast
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Dust forecasting models: The NMMB/BSC-CTM project

The Non-hydrostatic Multiscale Model (NMMB) :

Development at NCEP (Janjic, 2005; Janjic and Black, 2007)
Developed within the Earth System Modeling Framework (ESMF)

Arakawa B grid and regular (global) or rotated (regional) lat/lon coordinate

Unified model for a broad range of spatial and temporal scales

NMMB is the regional operational meteorological model in NCEP since October 2011.

hadv,vadv and hdiff)

ATM
Coupler DYN-PHYS
| Dynamics export
T, U, V,Q, CW, Q2, OMGALF,
DUST, CHEM

RUN PHYS
(Dust

FDUUNS'[I:')YCNHEM Emission, vdiff, deposition,

chem emission, vdiff,
photolysis,
chemical mechanism,
deposition)

Coupler DYN-PHYS
Physics Export

T, U, V,Q CW, Q2
DUST, CHEM
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On-line approach:

SEA SALT (Spada et al., 2012), gas-
phase CHEM (Jorba et al., 2011;
Badia et al., 2012) and Dust (Pérez
etal., 2011; Haustein et al., 2012) ,
modules fully embeded within the
atmospheric driver.
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Dust forecasting models: The NMMB/BSC-Dust model

Dust forecasts on global and regional domains are
running in pre-operational in the BSC

4

NMMB/BSC-DUST Dust Loading (g/m*2) and 700 hPa Win ¢ / NMMB,/BSC-DUST Dust Loading (g/m*2) and 700 hPa ?
00h forecast for 12U C 28 APR 12 R OOh forecast for 12U C 28 APR 12 /
N, © - Yﬁ
=i "‘» A
«J
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2N .
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vl A
40E 50E
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Dust forecasting models: The NMMB/BSC-Dust model

Global configuration: Regional configuration:

Global domainat 1.42x 12 North African domain at 0.252 x
horizontal resolution 0.252 horizontal spatial resolution

24 vertical levels 40 vertical layers
fundamental time step of 180s fundamental time step of 40s

Cold start without data Cold start without data
assimilation assimilation

Initial conditions from NCEP Initial conditions from NCEP
meteorological analysis 1x12 and meteorological analysis 1x12 and
Meteorological fields updated with meteorology fields updated
NCEP every 24 h boundary conditions every 6 h

Annual simulation: 2000 (Pérez et al., 2011) Annual simulation: 2006 (Pérez et al., 2011)
SAMUM-I May 2006 (Haustein et al., 2012)
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Dust forecasting models: The NMMB/BSC-Dust model

Surface concentration for global domain for 2000 (Pérez et al., 2011)
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Dust forecasting models: The NMMB/BSC-Dust model

DOD for global domain for 2000 (Pérez et al., 2011)
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Dust forecasting models: The NMMB/BSC-Dust model

AERONET comparison for regional domain for 2006 (Pérez et al., 2011)

llorin Dakar
0o 1 .
o - Modeled dust AG|13 at 55Qnm R(coarse)=0.65 R(total)=0.57 & | @ Modeled Fius? ACD = 550nm R(alpha<0.8)=0.52 R(total)=0.53
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Dust forecasting models: The NMMB/BSC-Dust model

SAMUM-I on 18 May 2006 — Satellites (Haustein et al., 2012)

18—05-06 average dust
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Dust forecasting models: The NMMB/BSC-Dust model

SAMUM-I May 2006 — AERONET (Haustein et al., 2012)

©

Tamanrasset, 22.79° N, 5.53°E

1.5 . T T T T T T T T T I T J
= AERCNET ACD, 500 nm a
- AERONET AngExp, 440-870 nm
E.n.u I —— MMMEBSC-Dust ACD, 500 nm —
2
o 05 |- -
A
| —_— T
g SR S T :
oo A e i o o R e
) Cuarzazate, 30.94" M. 691" W
ok T T T T T T
b
£10 |- -
4
E i
05 \?é\/ ..-"» =c
I
\tsﬁ-.‘_ﬁ_\ ﬂ
oo L 1 i
) Blida, 36.51° N, 2.88"E
1.5 T T T T T T T T T T T T
c
= - -
El_1.|:|
- i
B o
g°s ’Q?‘\__ _/ \‘ﬁ < : K_
)" &
0.0 .
i Lampedusa, 35.52" N, 12.63" E
C [ & | T | T | T | T | T | T
d i
=10 -
=
i
ED.E- n’r\—__‘/‘;\l"n\-f}i .
e o g
P o1
op L= oo gy M SR O 2 B
16 17 18 18 i) 2 22
Ctay of May 2006
Barcelona
Supercomputing
Center

Centro Nacional de Supercomputacion

Cptical depth

o6

oL

O gl dapth

0.6

Optical dopth

0.5

Optical depth

FLH]

Banizoumbou, 13.54° N, 2.668° E

¥ T T T T T T T T T T T
i a .
‘\_II \"/\—\ f \ |'| -
LY “ e O Gl T
i . " il
1 1 1 1 1 1 1 1 1 1 1 1 1
Palencia, 41.99° N, 4.51°W
_ T T T T T T
b
A' t//\\' L] s 1
LS I e il R O ML o
Zagora, 30.33" N, 5.84°W
Tt - T T T TR
* ACRONET ACD, 440nm c .
AERONET AngExp, 440-E70nm ki
- ——— NMMBEBSC-Dust, AQD 550nm:
M\ﬂ,— J‘u{_}/\ M,_ru
Saada, 31.63° N, 8.16° W
T T T T T T T T T T T T T
L .‘L-_ d ]
L - ]
_\X-X E\j{\ﬂ/ﬂ/ﬁ;\ &
| o -' b, S
1 1 1 1 1 1 1 1 1 L 1 1 \"'
16 17 18 18 20 21 22



NMMb/BSC-DUST

(€ NMMDb/BSC-DUST results vertical cross section dust extinction coefficient (Ouarzazate)
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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

11-05-06 00z dust optical depth 550nm
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Full year 2006 simulation

Simulation :

(€ Global simulation for year 2006

(€ 0.7°x 0.5° x 40 vertical levels

({ Cold start without data assimilation

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

AERONET validation :

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

We validate daily averages
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AOD comparison: 2011-04-05
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AOD comparison: 2011-04-07
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AOD comparison: 2011-04-09
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AOD comparison: 2011-04-11

OMI Daily AICALIPSO orbit
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NMMB BSC-Dust 201305 vs MODIS deep-blue: bias
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R A IMet Deliverable #2, MACC project O- @ Barcelona

el INT WP3.1 Center

Centro Nacional de Supercomputacion
il Excellent agreement between AMMA surface dust and NMMb/BSC-Dust reanalysis !!!
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So, we can use NMMb/BSC-Dust reanalysis to cross lo  ng-
o term estimated surface dust with Meningitis records In this
region !
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PM10 Daily means (black circles) and medians (open circles) at Banizoumbou, from AMMA project
(Marticorena et al., 2010) in upper panel. Surface dust concentration over Banizoumbou from
NMMb/BSC-Dust reanalysis in lower panel. The grey line is the 30-day running average in both graphics.
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Aerosol characterization at the Saharan AERONET

site Tamanrasset (Guirado et al, 2013

AERONET and NMMB/BSC-Dust AOD | | |
daily mean values for the period 2007- AERONET AOD 440 nm
2008. Several high dust events with - NMMB/BSC-Dust AOD 550 nm
significant model-observations AOD | | | |
differences have been identified and
numbered
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Methods

OBJECTIVE: Full year evaluation of the sea salt and
desert dust components for NMMB/BSC-CTM

NMMB/BSC-CTM configuration:
— Year 2011
— North Africa, Middle East and Europe domain
— Horizontal spatial resolution: 0.25¢2 x 0.25¢
— Vertical resolution: 40 vertical layers
— Fundamental time step of 40s

— Cold start without data assimilation

— Initial conditions from NCEP/FNL
meteorological analysis 12x12 at OUTC and
meteorology fields updated boundary
conditions every 6 h

— Model outputs time resolution: 3-hourly

Observations:

—Satellite aerosol products
(MODIS, MISR, Aura OMI)

Seasonal averages

—Aerosol optical properties
from AERONET Level 2.0

15-minutes data

—Surface concentration measured
in Praia, Cape Verde (from CV-
DUST Project)

Hourly data

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

87



60°N

50°N

40°N

30°N

20°N

10°N

results: AOD at 550nm in Winter
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Model results: AOD at 550nm in Summer
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AERONET comparison: year 2011

e 48 stations distributed in 8 regions
e Filter applied to the AERONET observations
e AE<0.75is considered in the calculations
e AE >=0.75 and of the rest of cases we assign AOD observe = 0

Annual MB . Annual correlation coeficient .
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AERONET comparison: Capo Verde 2011

L.V T T T T T T T T T T T
— NMMB/BSC
= I ; . + AERONET total []
2 10} +
8 * - + + 4 +
< - - TN
0.5r + . _!_’;E* $ “

+

00 1 1 Il Il I
Jan 2011 Feb 2011 Mar 2011 Apr2011  May 2011 Jun 201 Jul 2011 Aug 2011 Sep 2011 Oct 2011 Nov 2011  Dec 2011

2.0 T 1 T 1 1 T 1 T T 1 T
— NMMB/BSC coarse
g 530 + + AERONET coarse |]
1
S 10 N
o
< 0.5
Jan 2011 Feb 2011  Mar 2011 Apr2011  May 2011 Jun 2011 Jul 2011 Aug 2011 Sep 2011  Oct 2011 Nov 2011  Dec 2011
240 T T T T T T T T T T T
15 NMMB/BSC fine
e 7| .+ AERONET fine |
P K|
@)
< 05l f f {
== % <L ‘ - 3 l|J\7<‘ W A A i ! ¥ .
0.0 ‘
Jan 20 Wmi — Summer

N=45 (1500) N=55 (959)

Vertical profile from M’Bour (Senegal) :>
Mortier et al., 2013

Altitude(km)

I . e I

Altitude(km)

I . e I

0 005 01 0I5 02 025 03 0 00s 01 0I5 02 025 03
Ozt kM) Oext km™")




Cape Verde comparison: surface level PM10

S5 Praia, Cape Verc;le

« » measured PM10

— NMMB-BSC (total)
700 | — NMMB-BSC (dust) |1
NMMB-BSC (salt)

600 |
3 statistical parameters:
£ 500f
s Sea-salt & dust: r=0.62 I0A=0.77
| RMSE = 42.0 pg.m?3
8 bias =-9.3 pg.m3
(Vp]
S 300} Only dust: r=0.62 I0A=0.75
= RMSE = 43.4 pg.m3
bias =-17.5 ug.m-3
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Cape Verde comparison: surface level PM2.5

PM2.5 SCONC (ug.m?)
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Praia, Cape Verqle

Feb 2011 Mar 2011 Apr2011 May 2011 Jun 2011 Aug 2011

« « measured PM2.5
— NMMB-BSC (total)
— NMMB-BSC (dust) |

NMMB-BSC (salt)

statistical parameters:

Sea-salt & dust: r=0.63 I10A=0.75
RMSE = 21.3 pg.m3
bias=-1.3 pg.m3

Only dust: r=0.63 I0OA=0.74
RMSE = 20.9 pg.m-3
bias =-5.5 ug.m3
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WMO Sand and Dust Storm Warning and Assessment System (SDS WAS)

In cooperation with World Meteorological Organization (WMO)

» To enhance the ability of participating countries to establish and improve
systems for forecasting and warning to suppress the impact of Sand and ‘f \%QJ

Dust Storm \l" ‘Bj
» Establishing a coordinated global network of Sand and Dust Storm World
forecasting centers delivering products useful to a wide range of users in ”§:::$§tfff:’
understanding and reducing the impacts of SDS Wesiher » Climate » Water
North Africa, Middle East and Europe (http llsds-was aemet es/) Asia

Surface Wind & Dust (ug/m?) 06-03-17 14:00 (CAWAS

AEMET, Spain e China Meteorological

/ Administration (CMA)
WMO REGIONAL CENTRES
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SDS-WAS: NA-ME-E RC (http://sds-was.aemet.es)

‘k?j NORTHERN AFRiCA MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

\!.\ Wil Sand and Dust Storm Warning Advisory and AsSessment System (SDS' WAS)

m».:: W‘m

FORECAST & PRODUCTS | PRINECT

- FORECAST AND PRODUCTS

=\ W+ Data exchange

A - Joint visualization

e E%“EER}Z?;‘?EQ‘;';“E;R; e Common forecast evaluation
T e e (Generation of multimodel products

UM Envoy Supports
Greenbelts in Irag to Combat
Sandstorms

Feb 25, 2013

et s e 1o Calculation of monthly evaluation metrics
~ x.%# ¢ New sources of data for model evaluation

UNEP GI b IE ronmental
Alert Se eleases

i m;ji i Sharing model output data files

Scholarship on desert dust at
the Univ. of Reading, UK

Time-averaged products

@ sarcoona sdswas@aemet.es
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SDS-WAS: Dust models
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RUN TIME

DOMAIN

DATA

ASSIMILATION

BSC-DREAMSb 12 Regional No
CHIMERE 00 Regional No
LMDzT-INCA 00 Global No
MACC 00 Global MODIS AOD
DREAM-NMME- 12 Regional MACC analysis
MACC
NMMB/BSC-Dust 12 Regional No
MetUM 00 Global MODIS AOD
GEOS-5 00 Global MODIS
reflectances
NGAC 00 Global No
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SDS-WAS: Surface concentration joint visualization

WMO SDS-WAS N Africa-Middle East-Europe RC
BSC-DREAMSBD Dust Surface Concentration (pg/m?)
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)

WMO SDS-WAS N.Africa-Middie East-Europe RC
NMMB/BSC-Dust Dust Surface Concentration (ug/m?)
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)

20000
5000
2000
500
200
50
20
s

WMO SDS-WAS N .Africa-Middle East-Europe RC

NCEP NGAC Dust Surface Concentration (ug/m?)

Run: 00h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12)
- 20000

000
2000
500
200
%0
0
5
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WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
MACC-ECMWF  Dust Surface Concentration (ug/m?) DREAMB-NMME-MACC Dust Surface Concentration (pg/m?)

Run: 00h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)
= 1 - § T
2 i

NN

10°N

o

WMO SDS-WAS N.Africa-Middie East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
UK. MetOffice Dust Surface Concentration (ug/m?) NASA GEOS-5 Dust Surface Concentration (ug/m?)
Run: 00h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12) Run: 00Oh 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12)

WMO SDS-WAS N Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)

Surface concentration
from 6-Feb-2013 12:00 to
9-Feb-2013 00:00
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SDS-WAS: AOD joint visualization

WMO SDS‘WAS N .Africa-Middie East-Europe RC WMO SDS-WAS N.Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Middie East-Europe RC
BSC-DREAMBD Dust AOD MACC-ECMWF  Dust AOD DREAME-NMME-MACC  Dust AOD
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 00h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)
P B . S - NI E—
64 64 64
@'N 60N
32 32 32
S0'N S0°N
16 16 16
S0°N 40'N
12 12 12
08 o 08 o o8
a4 20°N 04 20°N 04
-
a2 10°N 02 10°N 02
Jo1 01 Vol
’ T W oW & 10°F 20 0F WE DE “
WMO SDS-WAS N .Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
NMMB/BSC-Dust Dust AOD UK MetOffice Dust AOD NASA GEOS-5 Dust AOD
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 00h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12) Run: 00Oh 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12)
| 64
32
16
12
o8
04
0.2
01
WMO SDS‘WAS N Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
NCEP NGAC Dust AOD MEDIAN  Dust ACD
Run: O0h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+12) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)
e =
64 64
§ : AOD at 550nm
16 1e n
> 5 from 6-Feb-2013 12:00 to
.
o8 o8
9-Feb-2013 00:00
0.4 04 -
0.2 0.2
01 01
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SDS-WAS: Generation of multi-model products

Surface concentration AOD at 550nm

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?) MEAN  Dust Surface Concentration (ug/m?) MEDIAN Dust AOD MEAN Dust AOD
Run; 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)
K 20000 % 6.4 i il 1% gl 6.4
5000 32 32
S0*N
2000 16 16
40°N
S00 12 1.2
200 0.8 2N 0.8
50 0.4 20°N 0.4
20 0.2 10°N 02
5 0.1 il 0.1
20°W  10°W [ 10°E 20°E 30°E 40°E S0"E
WMO SDS-WAS N .Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
STDEV Dust Surface Concentration (ug/m?) RANGE Dust Surface Concentration (pg/m?) STDEV  Dust AOD RANGE Dust AOD
Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00) Run: 12h 06 FEB 2013 Valid: 12h 06 FEB 2013 (H+00)
gzl - f N 20000 20000 6.4 ¢ 6.4
§ & 5000 5000 32 32
2000 2000 16 16
500 500 12 12
200 200 0.8 0.8
S0 S0 0.4 0.4
20 20 0.2 0.2
5 5 0.1 0.1
O W 10w 0 10°E 20°F  30°E #0°E  S0°E
from 6-Feb-2013 12:00 to 9-Feb-2013 00:00
: :
i-li i 2x0.52 grid h. Th diff [ti del
Model outputs are bi-linearly interpolated to a common 0.52x0.52 grid mesh. Then, different multi-mode
products are generated:
CENTRALITY: median - mean
SPREAD: standard deviation — range of variation
arcelona
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Dust forecasting models: WMO SDS-WAS NA-ME-E RC

Compared AOD for 16 August 2012

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
BSC-DREAMSb  Dust AOD MACC-ECMWF  Dust AOD DREAMB-NMME-MACC  Dust AOD

Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00) Run: 00h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12) Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00)
== T | Wl

0N

«N

oed o8 o8 o8
W0°N 04 04 04
oW 0.2 0.2 02
a1 01 a1
o v
WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N_Africa-Middle East-Europe RC
NMMB/BSC-Dust  Dust AOD UK MetOffice Dust AOD NASA GEOS-5  Dust AOD
Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00) Run: 00h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12) Run: 00N 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12)

6.4 64

@N 0N
a2 a2

SO'N SN
16 16

wO°N 40'N
12 12
"N os 30°N 23
20N 0.4 20N 0.4
10°N 0.2 10°N 02
ox 01

o V o

WMO SDS-WAS N.Africa-Middie East-Europe RC
MEDIAN Dust AOD
Run: ~-h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00)
R ———
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Dust forecasting models: WMO SDS-WAS NA-ME-E RC

Compared SCONC for 16 August 2012

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
BSC-DREAMBD  Dust Surface Concentration (pg/m?) MACC-ECMWF  Dust Surface Concentration (ug/m?) DREAMB-NMME-MACC Dust Surface Concentration (pg/m?)
Run: 00h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12) Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00)
— sl

Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00)
[
20000
L
5000
SO°N
2000
S0°N
500
2N 200
N %0
-
10N 20
s
e T R T L L
WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N_Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Middie East-Europe RC
NMMB/BSC-Dust  Dust Surface Concentration (uig/m?) UK MeotOffice Dust Surface Concentration (1ig/m?) NASA GEOS-S Dust Surface Concentration (g/m?)
Run: 12h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00) Run: 00h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12) Run: 00h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+12)
20000 ol 20000 1= ¢ ( .~ 20000
o - 2 - by SO'N
5 e 2000 2000 2000
7 = g 40N
%00 500 500
t . ] 200 ol 200 200
. J 50 20N 50 50
; ST/ e 4 e 10N 0 20
! 4 ¢ s s z
& g - 3 v‘ g g o v
WMO SDS-WAS N Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: --h 16 AUG 2012 Valid: 12h 16 AUG 2012 (H+00)
e v >
s 3
g - W -
. rell—~ V
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SDS-WAS: Dust observations

New sources of data for model evaluation

= Visibility
= MSG

= MODIS
= OMI

= CALIPSO
= PARASOL
= MPLNET
" PMy

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

France £ i
= SD m rance
. / =
=50m And < 2 km “aEspana @

S pain)

B =2km And <dim
M =4k And<Bkm
H = 6km And = gkm
B =8km And<10km
H=10mm

Last Update:
2012-03-27 12:40:40

CLICK ON A STATION FOR TIME OF

OBSERVATION
MSG_201203181200_AOD (r,,) Micro Pulse LIDAR - Sta. Cruz de Tenerife 08D
Met Office 40°W 20W 20°E ec
| s~ = . i 2011
g .
25 12
- E 10 1.50
2| = ._x, - 0.87
c 8 0.51
[=2]
o 5 L 030
g T 017
4 . 0.10
= 2 [ZINO DATA
4W0'W 20°W 0 20°E 40°E
dust optical thickness [] r
T
) R 0 4 8 12 16 20 24
UTC (hours)
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SDS-WAS: Model intercomparison

ADmer @ -

You are here:

MODEL INTERCOMPARISON
Northern A

Center

B Bemncaza — last modified May 25

About us

Forecast & Products

Projects & Research

Outstanding Subscribe to the Public Newsletter!
Materials
1I Lectures on Atmospheric Mineral Dust. A Ta be informed absut sur activities, naws and
News few seats are still availzble eveants related to dust. Frequency is almest
manthly.
* Events WMO 5DS-WAS NA-ME-E Regional Center will
be = Regionsl Specialized Meteoralogica! | Full Name |
Seuee | Your email |

Guidance for forecasters

Forecast evalustion
Latest News
Compared dust forecasts

Link to NGAC dust forecasts
Ol

Dust forecasts

The NCEP-NGAC maodel
joins the WMO SDS-WAS
dust model
intercompsarison

II Lectures on Atmospheric
Mineral Dust. & few seats
=re =till zvailable

Sep 28,2012

Upcoming Events

ACCENT/GLOREAM. 24th.
Waorkshap on Tropespheric
Chemical Trasport
Modelling Dust observations

Compared Dust Forecasts Forecast Evalustion

3rd. ChArMEx International

scasrrhfmndalointarcnmmarcnn

http://sds-was.aemet.es
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SDS-WAS: NRT Evaluation using AERONET

Santa_Cruz_Tenerife (Spain) - August 2012

Aerosol Optical Depth {AOD.;,), Dust Optical Depth (DOD.,) and Angstrom Exponent (AE)

0 © AEAERONET > 0.6

—  DOD:; MACC-ECMWF ~—  DOD: UK. MetOffice MetUM

© ® AEAERONET < 0.6 — DOD.; DREAMB.NMME-MACC ~ — DOD:s, NASA GEOS.5
A A AODy; AERONET —  DOD.y, CHIMERE =+ DOD:y; MEDIAN
~— DOD:BSC_DREAMED  —  pOD., NMMB/BSC-Dust

days

Supercomputing

Centro Nacional de Supercomputacion

Model evaluation metrics (bias, correlation, RMSE and FGE) are calculated:

By regions: NA-ME-E, Sahel/Sahara, Middle East and Mediterranean
By time periods: monthly, seasonal and annual




SDS-WAS: NRT Evaluation using AERONET

Calculation of monthly evaluation metrics

= Besides dust, there might be other

Mar 2012. Dust Optical Depth. aerosol types (anthropogenic,
Threshold Angstrom Exponent = 0.600 biomass burning etc ) Then a
V4 °J/° V4
BIAS show stations small BE could be expected.
bREAMEE  ECWMWE  MACC pust = Scores for individual sites can be
TOTAL 0.36 0.39 0.20 0.41 0.15 0.35 Iittle Significa nt for being
| calculated from a small number of
RCOOT MEAN SQUARE ERROR show stations
data.
BSC_ MALCT- OREAMS-HKME- CHIMERE MrMB/BSC- MEDIAN
TOTAL 0.62 0.57 0.45 0.59 0.50 0.53 . The RMSE IS Strongly d0m|nated
by the largest values. Especially in
NUMBER OF CASES show stations cases where prominent outliers
BSC_ MALE- DREAME-NMME- CHIMERE  MMMEB/ESC- MEDIAN Occur’ the userIneSS Of the RMSE
DREAMED ECmWF MACT Dust . .
is questionable and the
TOTAL 1033 846 977 1007 1007 1007

interpretation becomes more
difficult.

Barcelona
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SDS-WAS: NRT Evaluation using satellite aerosol products

o= EUMETSAT

24 April 2013

WMO SDS-WAS  N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 23 APR 2013 Valid: 00h 24 APR 2013 (H+12)

T a8y
60°N ‘ o

6.4

32
50°N
16
40°N
12

30°N 08

20°N 0.4

10°N |- 02

0.1

MET18 RGB-Dust 2013-84-24 88:08 UTC | v_l EUMETSAT 107



SDS-WAS: NRT Evaluation using MODIS

lgth AUQUSt 2013 WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD;, - AUG 2013
6.4
32
1.6
1.2
0.8
0.4
0.2
] L 0.1
0 hiﬁ ~ v
20°W  10°W  0° 30°E  40°E  50°E
BIAS ROOT MEAN CORRELATION FRACTIONAL GROSS NUMBER OF
SQUARE ERROR COEFFICIENT ERROR CASES
BSC_ -0.16 0.21 0.70 0.87 1220
DREAMS8h
NMMB/BSC- -0.13 0.20 0.68 0.81 10386
Dust
NCEP NGAC 0.14 0.21 0.76 0.41 12286

1
@ Supercomputing
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SDS-WAS: NRT Evaluation using MODIS Deep Blue

19th August 2013

@

BIAS
BSC -0.17
DREAMSb
NMMB/BSC- -0.20
Dust
NCEP NGAC -0.06

Center
Centro Nacional de Supercomputacion

ROOT MEAN
SQUARE ERROR

0.31

0.33

0.29

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS DEEPBLUE AOD,,, - AUG 2013
6.4
60°N
3.2
50°N
1.6
40°N
1.2
30°N 08
20°N — 0.4
10°N 0.2
0.1
¢ 20°W  10°W 10°E  20°E 30°E  40°E 50°E
CORRELATION FRACTIOMAL GROSS NUMBER OF
COEFFICIENT ERROR CASES
0.28 0.96 42618
0.29 1.05 41049
0.32 0.64 42664
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SDS-WAS: NRT Evaluation using MODIS Deep Blue

NMMB-BSC/Dust Multimodel MEDIAN

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
NMMB-BSC/Dust - Jun/Aug 2013 - bias multimodel MEDIAN - Jun/Aug 2013 - bias

0.8 0.8
60°N 60°N
0.4 0.4
50°N 50°N
0.2 0.2
40°N 40°N
M B 0.1 0.1
30°N -0.1 30°N -0.1
20°N -0.2 20°N -0.2
10°N -0.4 10°N -0.4
-0.8 -0.8
o° 0°
WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
NMMB-BSC/Dust - Jun/Aug - correlation multimodel MEDIAN - Jun/Aug 2013 - correlation
0.8 0.8
60°N
0.4 0.4
50°N
0.2 0.2
40°N
Correlation
30°N -0.1 -0.1
20°N -0.2 -0.2
10°N -0.4 -0.4
-0.8 -0.8
Barcelo 0" 0w 100w 30°E  40°E  50°E 20°W  10°W 20°E  30°E 40°E  50°E
@ Supercc
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SDS-WAS: NRT Evaluation using MODIS Deep Blue

NMMB-BSC/Dust Multimodel MEDIAN

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
NMMB-BSC/Dust - Jun/Aug - r.m.s.e. multimodel MEDIAN - Jun/Aug - r.m.s.e.
1.0 1.0
0.8 0.8
0.6 0.6
RMSE
Ho.3 Ho.3
Ho0.2 Ho.2
Ho.1 Ho.1
0.0 0.0
V V
20°E
WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
NMMB-BSC/Dust - Jun/Aug - F.G.E. multimodel MEDIAN - Jun/Aug - F.G.E.
1.75
60°N Y 1.75
1.50 1.50
50°N 50°N
1.25 1.25
40°N 40°N
FGE
30°N o075 30°N ors
20°N —0.50 20°N I 1o.50
10°N 925 TEL 1H0.25
0.00 0.00
0° v 0° v
20°W  10°W 111
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SDS-WAS: Files download

Darcelona e
BSC-DREAMSD v2.0 DOWNLOAD FILES Model website

= Daily forecasts of dust
surface concentration and

DREAM-NMME-MACC DOWNLOAD FILES Model website ﬁ 3[{';333 dUSt Optlcal depth WI“ be
displayed on a page

r'
ke .'
MACC-ECMWF DOWRNLOAD FILES Model website “ rr']acc

NMMB/BSC-Dust DOWMLOAD FILES Model website (( :‘\’m::\“'"ﬂ together With a menu to
NASA-GEOS-5 DOWNLOAD FILES Model website @ a”OW Visualization Of the
archived products and/or
NCEP-NGAC DOWNLOAD FILES Model website f{NCEP;QE dOWh |Oad Of the nu mencal
_ _ _ = files for a selected range of
R Title Size Modified — Al
dates.

latest - (download all) 4.0 kB Apr 18, 2013 09:00 PM

2013 - (downlosd sil) 4.0 kB Apr 01, 2013 09:00 PM

= Access to the download
pages shall be restricted to

NV those groups that
= Ml ‘\ L UCAR authorize the exchange of

their own data.
netCDF (‘unldaTa

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion 1 12

2012 - (downfoad afl) 4.0 kB Apr 08, 2013 04:30 PM




SDS-WAS: Model intercomparison April 2011

= The selected dust event corresponds

MODIS True color 7 April 18:00

Supercomputing

ntro Nacional de Supercomputacion

to the one which occurred between
the 5" and 11t of April of 2011.

Participating models: BSC-DREAMS8Db,
NMMB/BSC-Dust, ECEMWF-MACC and
UKMetOffice-UM

Comparison of each forecast (at 24,
48 and 72h) output to in-situ
measurements of AOD (from
AERONET), surface concentration
(PM) and satellite retrieved AOD
(MODIS, CALIPSO).



SDS-WAS: AERONET Model intercomparison April 2011

Evora (7.91 W, 38.57 N) Evora (7.91 W, 38.57 N)
BSC_DREAM8B_24HR 0D550_AER NETWORK NMMB_BSC_24HR 0D550_AER NETWORK
BSC_DREAM8B_48HR NMMB_ESC_48HR
BSC_DREAM8B_72HR NMMB_BSC_72HR
1.0 1.0
5 &
3 9
o (=]
a 2
o o
o o
0.5 05

05 08 07 08 09 05 06 07 08 09 10 1 12
Apr / 2011 Apr / 2011
Evora (7.91 W, 38.57 N) Evora (7.91 W, 38.57 N)

§ ) [ttt et ettt ettt § L P
ECMWF_FQMH_24HR OD550_AER NETWORK UKMET_24HR OD550_AER NETWORK
ECMWF_FQMH_48HR | UKMET_48HR
ECMWFFQMH_72HR UKMET_72HR

0.8

1.0
x 0.6 [+ 4
w w
3 a
o (=]
S B C
8 0.4 8
: & - &
5 "
B o3} U oheg?
3 [
A B = L L LU
05 06 07 08 09 10 1" 12 05 06 07 08 09 10 1 12

Apr / 2011 Apr / 2011
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SDS-WAS: Lidar and models intercomparison

Barcelona
Supercomputing
TETTIT Ty 'ﬂ-ﬂﬂ!ﬂr

BSC-DREAMSb v2

* %ﬁ 9_% ﬁv NMMB-BSC/Dust

{Jsterremh __'.-." [Uk'ﬂil‘lﬂ}

7 crrvunne
S==¥ JLLYUULU

wie | DREAMS-NMME-MACC

Bay of France ! o

Biscay @
rl'-'-'_-: -..-:_-:: ﬁa_F

Mediterranean =
1 haisgs sed -7 I’Eﬁ;;
: \ (e T e
[hi-izntmgii} vy ~{ COﬂ_Slgllo
| - "l L Nazionale delle
sl . geria) [Libarat It Ricerche

BOLCHEM
60 — 80 dust cases for the period Jan 2011 - Jun 2013

Barcelona
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Centro Nacional de Supercomputacion

®




Barcelona Dust Forecast Center

SEARCH You are here: Home
[Gearch Ste | [Bearch
28 Jul - 2 Aug 2013. Dust traveled from Western Africa to
“D"bE the Lesser Antilles
About
Forecas 1

NMMB/BSC-CTM selected to provide
operational mineral dust forecast for the

Barcelona

Supercomputing

Center
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CALIOPE Air Quality Forecasting System (www.bsc.es/caliope)

Spain: 4 km (399x399 grid cells ), Europe: 12 km (480x400 grid cells )

Modules

Meteorology:

Version 3.5

IBC: GFS (NCEP)

SST: SST MODEL (NCEP)

38 sigma levels

Top of the atmosphere 50 hPa
Emissions:
Chemistry:

Version 5.0

Carbon Bond V

Cloud chem. (aqu.)

Aerosol module (AERO5)

BC: NCAR MOZART4 model

15 sigma levels

Mineral dust:
Post-processes by Kalman filter
Evaluation:

NRT-ground level observations
Satellite

Ozone sounds

Barcelona

Supercomputing

Center
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METEOROLOGICAL
FORECAST
WRF-ARW

GLOBAL SIMULATIONS
Initial and boundary conditions

“Spain (4km) /

/ EMISSION MODELLING \
HERMES v2 developped at BSC-CNS

Disagregation fr0
sources 12x12 km

High Resolution 1km

N/
( woanoomt
NCAR MOZART4

Boundary Conditions

'EUROPEAN AIR
QUALITY FORECAST
(12km)

AIR QUALITY FORECAST CMAQ

BSC-ES/AQF WRFv3.5+CMAQv5.0+HERMESV2 Nitrogen Dioxide (Lg/m?)
18h forecast for 18UTC 17 Oct 2013 - Iberian Peninsula Res: 4x4km

W B aow 2w o 2 2

AIR QUALITY FORECAST FORSPAIN
High resolution (4km)

N

SAHARAN DUST
OUTBREAKS
Dust Regional
Atmosferic Model
(BSC-DREAMS8b v2)

BSC-OREAMSD v2.0 Dust Low Level Conc. (i
ast for 80ct2013

.
ETEOROLOGICAL OBSERVATIONS

el BTN
\ S

namics and model evaluation

AQFS EVALUATION
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Models and post-processing
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HERMES v2.0 (Guevara et al., 2013)
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http://www.bsc.es/projects /earthscience /DREAM
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Next Dust events

OADUST
C52014

International Conference on

ATMOSPHERIC DUST

Castellaneta Marina (TA), Italy - June 1-6, 2014

1 NEWS 32

Waiting for DUST 2014 et

- = MNEW SESSION
International Conference on Atmospheric Dust MES
Statistical Modeling of
. o - : . ) ) ) o Emissions And Air
The ltalian Association for the Study of Clays (AISA) and the Institute of Methodologies for Environmental Analysis (IMAA) are Quality

pleased to invite you to DUST 2014, the International Conference on Atmospheric Dust. The meeting provides an unique
opportunity for mineralogists, physicists, geochemists, engineering, volcanologists, chemists and for many other specialists to

— Session Modelling and field Studies -
Abstracts . o
b lied Atmospheric dust modelling and forecast
Convened by J.M. Baldasano and E.Terradellas
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NMMB/BSC-Dust (Pérez et al. 2011)

Regional run: AOD at 550nm April 2011
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Earth Sciences

OVERVIEW:

The Earth Sciences Department was established with the chjective of carrying out ressarch in Earth system modelling,
initially focusing on atmospheric physics and chemistry, The group directed by Dr. José Maria Baldasane; coming from
the Environmental Modelling Laboratory of the Technical University of Catalonia [LMA-UPC) has as main topics of
research: air quality modelling, mineral dust modelling, atmospherical modelling and global and regional climate
modelling.

+ PBublications
* DhD Thesis EARTH SCIENCES DEPARTMENT DIRECTOR
* Seminars - v
3 Baldasano, José Maria
* Evsnts
N ZE{; DBIECTIVES:
n Changes in the composition of the atmosphers can affect the habitability of the planet by modifying the air quality and
altering long-term climate, Research in this ares is devoted to the development, implementation and refinement of glabal
= o — and regienal state-of-the-art models for short-term air quality forecasting and long-term climate predictions.

CALIDPE (Air Quality
Faracasting System)
CALIOPE-ANDALUCIA
CALIORE-CAN
BSC-DREAMSh
NMMB/BST-Dust

WMO SEBS5-Was NAMEE RC

Databases

* AirQuality Databaze
= BSC Mineral Dust Datzhase

Issues related to atmospheric dynamics, natural and anthropogenic emissions, improvement of air quality forecasts, the
transport and dispersion of pollutants in complex terrain, urban air gquality, aerosol optical properties, aerosal radiative
effects and the feedback betwsen meteocrclegy and air pollution shapes the research agenda of the group. Togsther with
the adwances in the parallelization of air quality model codes, have allowed such high-resalution simulations.

The high perfermance capabilities of supercomputation allows to increase the spatial and temporal resolution of
atmospheric modelling systems, in order to improve our knowledge on dynamic patterns of air pollutants in complex
terrains and interactions and feedbacks of physice-chemical processes occurring in the atmosphere.

The Earth Sciences Department also maintains daily operational air quality [CALIOPE)} and mineral dust forecasts for
scientific purposes and to support national initiatives for air guality prevention,

RESEARCH LTMNES:

s ATR QUALTTY

Jose Mariz Baldasano Recio
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Thank you!

Special thanks to Carlos Pérez, Sara Basart, Oriol Jorba, Enric Tarradellas
and Francesco Benincasa.

The source of some of the movies and information in this presentation is the COMET® Website at
http://meted.ucar.edu/ of the University Corporation for Atmospheric Research (UCAR), sponsored in part through
cooperative agreement(s) with the National Oceanic and Atmospheric Administration (NOAA), U.S. Department of

Commerce (DOC) © 2007-2011 University Corporation for Atmospheric Research. All Rights Reserved.

Satellite data used in this presentation were produced with the Giovanni online data system, developed and
maintained by the NASA GES DISC.

We acknowledge the NASA and AERONET mission scientists and Principal Investigators who provided the data used
in this research effort.




