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Summary

The study of desert dust, its entrainmemitansport and deposition is an area of growing importance in
investigations of global environmental change because dust storms have great importance on the
physical environment and the world's human inhabitants. Dust models are essential to complement
dustrelated observations, understand the dust processes and predict the impact of dust on surface
level PM concentrations. Regioradale models are well suited for simulation of dust storm events or
for comparisons with irsitu observations.

The Earth Sciences Department from thgarcelona Supercomputing CenterCentro Nacional de
Supercomputacion BSECNS www.bsc.es)maintains a dust forecast operational system with the
updated version of the former Dust Regional Atmospheric Model (DREAM) &3IE@©REAMS8b v2.0

and conducts modelling research and developments. The model predicts the atmospheric life cycle of
the eroded desert dust and was developed as a pluggable component of the Eta/NCEP (National Centers
for Environmental Prediction) modet.dolves the Euletype partial differential nodinear equation for

dust mass continuity and it is fully inserted as one of the governing prognosis equations in the
atmospheric Eta/NCEP atmospheric model equatiofise present document describehe BSE
DREAMS8bnineral dust forecast systeoperationalat BSECNS
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1. Introduction

1.1. Main objective

The study of desert dust, its entrainment, transport and deposition is an area of growing importance in
investigations of global environmental change because dust storms geeat importance on the
physical environment and the world's human inhabitants. Dust models are essential to complement
dustrelated observations, understand the dust processes and predict the impact of dust on surface
level PM concentrations. Regiorsdde models are well suited for simulation of dust storm events or
for comparisons with irsitu observations.

Operational dust forecasts have been successfully developed and used for planning dust measurement
campaigns within the framework of several Europgaojects (e.g., MINATROC, ADIOS and EARLINET).
Especially important is the role played by the models DREAM (Dust Regional Atmospheric Model,
Nickovic et al., 2001) and SKIRON (Kallos et al., 1997; Nickovic et al., 1997a,b) that provide first
operative dwst forecast for North Africa and Europe. Currently, BREAMS8b is operated and further
developed at the Barcelona Supercomputing Ceftentro Nacional de Supercomputacion (E3\S;
www.bsc.e$. In the present manuscript, BEIREAM8b mineral dust forecast system will be described.

1.2. Background

Atmospheric aerosol consists of material emitted directly from sources (primary component) and
material formed by gaso-particle conversion in the atmosphe (secondary component). These
atmospheric aerosols can be emitted by a great variety of natural and anthropogenic sources resulting
in a large variability of their chemical characteristics. With the possible exception-shieserosol, the

dust loadng in the atmosphere is the most abundant of all aerosol species (IPCC, 2001).

One environmental consequence of atmospheric dust loadings is their significance for climate through a
range of possible influences and mechanisms (Kalu, 1987). Once in tlsphiene, dust particles
interact with solar and thermal radiation, modulating the Earth radiation balance (Maenhaut et al.,
1996; Moulin et al., 1997; Alpert et al., 1998; Miller and Tegen, 1998; Moulin and Chiapello, 2004), and
causing large uncertaintiesm assessing climate forcing by atmospheric aerosols (IPCC, 2007). Dust
interacts with clouds playing a role in the formation of rainfall (Kalu, 1987; Levin et al., 1996) and affects
photolysis rates and ozone chemistry by modifying the UV radiation éDenet al., 1996; Dickerson et

al., 1997; Martin et al., 2003; Liao et al., 2004). Desert dust deposition also influences the biochemical
cycles of both oceanic and terrestrial ecosystems (Tegen and Fung, 1995; Swap et al., 1996; Mahowald
et al., 2005).

Thus, the entrainment, transport and deposition of dust can present a variety of problems to inhabitants
in and around desert areas such as deaths and damage caused in traffic accidents, road disruption,
aviation operations and impacts in the human heakbch as allergies, respiratory diseases and eyes
infections (WHO, 2005). It is also thought to be linked to health risks, such as epidemics of lethal
meningitis in the semarid subSaharan territory known as the Sahel belt (Thomson et al., 2006) and
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increased incidences of paediatric asthma attacks in the Caribbean (Gyan et al., 2005). The seriousness
of the problem inspired the development of the World Weather Research Programme (WWRP) and the
Global Atmospheric Watch (GAW) Sand and Dust Storm Warniegsfgsnt and Advisory System (SDS
WAS) Project (www.wmo.int/sdswas) was established in September 2004.

The main objective of SBBAS Project is to establish a WMO coordinated global network ofBASS
centers which is to enhance the ability of countriesdiver timely and quality sand and dust storm
forecasts, observations, information and knowledge to users through an international partnership of
research and operational communities. Thus, these Regional Nodes deal with both operational and
scientific @pects related to atmospheric dust monitoring and forecasting in their respectively regions. In
early 2008, WMO accepted the offer of the China Meteorological Agency to host a regional centre for
the SDSNVAS Asia/Centrdbacific node of SDFAS. A partnetsp of two research Spanish institutions,
BSECNS (www.bsc.es) and the Spanish National Agency of Meteorology (AEMET, www.aemet.es),
hosted Northern AfricaMiddle EastEurope (NAMEE; http://sdswas.aemet.es/) Node and its partners
include several interrteonal organizations and institutions. The experience acquired with the
management in coordination with AEMET of the WMO -BIX$ NAVEE Regional Center and the
demand of many national meteorological services led to the deployment of operational dusta$bre
services have been contributed to the creation of the first WMO Regional Meteorological Center
specialized on Atmospheric Sand and Dust Forecast, the Barcelona Dust Forecast Center. On June 2014,
the Barcelona Dust Forecast Center (BDFC; http://dested.es/), was publicly presented. The Center
operationally generates and distributes predictions for theMEE region.

A variety of regional and global models of the dust aerosol cycle have been developed since early 1990s.
Most of the modelling work as motivated by the need, for climate studies, to represent aerosol
concentrations and their feedback onto radiation at the global scale. Dust generation and the
parameterization of its deposition processes is a highly complex process and extremelyevanabl
spatial and temporal scales that responds in a-finear way to a variety of environmental factors, such

as soil moisture content, type of surface cover or surface atmospheric turbulence (Knippertz and Todd,
2012).

Apart from the global scale dustadels, a number of models have been developed to describe the dust
cycle for key regions like the Sahara (e.g. Nickovic et al., 2001) and East Asia (e.g. Wang et al., 2000). A
correct assessment of dust fluxes requires a precise knowledge of the surfagerges of erodible

terrains (Ginoux et al., 2012). While in earlier global models (e.g. Tegen and Fung, 1994) all desert
surfaces were assumed to be potential dust sources, recent models (e.g. Ginoux et al., 2001; Tegen et
al., 2002; Zender et al., 200Bggen et al., 2013) make an effort to take into account the influence of the
different surface conditions on dust emissions. However, simplifications are required at the global level
because of the lack of good datasets of soil texture,-amdible soilelements and other properties
required at the fine scales (Mahowald et al., 2005). Modellers generally assume a globally constant dust
GldzyAy3dé Syraarzy FLFEO0G2N 6KAOK OGKFG YAYAYAT Sa (¢
deposition fluxesvhen compared to observations.
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2. Model description
2.1. History of the model

DREAM is a successor of the single particle size dust model (Nickovic and Dobricic, 1996), first ever
performed successful operational dust forecast was run in the Tunisian Metearald@grvice. During
1996-1998, routine daily dust forecasts were available within the SKIRON project of the University of
Athens. Further model developments continued in ICoD, University of Malta, and resulted to GREAM
the model with four particle binsral improved parameterizations for dust emission, deposition and
advection; it was run daily during 192®05. In May 2005, operational DREAM dust forecasting system
was transferred to Environmental Modelling Laboratory of the Technical University of @atélléPC)

and after September 2006, the model runs in the Barcelona Supercomputing @miteo Nacional de
Supercomputacion (BSTNS, http://www.bsc.es/projects/earthscience/BBREAM/).

Unlike the original DREAM (Nickovic, 2001) version, from 2003 dsvearesearch version of the model
started to emerge. Following the idea of improving weather forecasts by including the dust radiative
effect, an online interactive dustdiation scheme was under development in the period 22005
showing the positivempact of including dustadiation interactions in the shotterm weather forecast.

A set of updates were included (Nickovic 2002; 2005): 1) a source function based on the arid and semi
arid categories of the 1 km USGS land use data; 2) a more detailadiaize distribution which
includes 8 size bins within the 610 um radius range and a particle size distribution (Tegen and Lacis,
1996); and, 3) in cooperation with the Oceanographic Institute (Erdemli, Turkey). All these achievements
were included inthe BSEDREAM8b model (Pérez et al, 2006a, b). The main features of the updated
operational model version (BSIREAMS8Db version 2.0) described in detail by Basart et al. (2012b) are: 1)
a source function based on a topographic preferential source mask Gmux et al. (2001) and 2) a

new dry deposition scheme based on Zhang et al. (2001).

In the last years, the BSIREAM8b model is one of the reference dust model for dust research and
forecasting in North Africa and Europe for a large number of orgaoimt This motivated the
development of a mineral dust database of the HBIREAM8b model simulations
(http://www.bsc.es/earthsciences/mineratlust/catalogedatos-dust).

2.2. The DREAM model

DREAM (Nickovic et al., 2001) predicts the atmospheric life cycleeoérbded desert dust and was
developed as a pluggable component of the Eta/NCEP (National Centers for Environmental Prediction)
model. DREAM solves the Eulgpe partial differential nodinear equation for dust mass continuity

and it is fully inserted @ one of the governing prognosis equations in the atmospheric Eta/NCEP
atmospheric model (Mesinger et al., 1988; Janjic, 1994; Zhao and Carr, 10873. horizontal, the
semistaggered Arakawa E grid is usé@tie vertical coordinate of the model (Mesimget al. 1988) is
defined by
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M= (P' - PI) (P..{(zs} - PT)
(ps = 22 (pr0) = p2)°

Here,pris the pressure at the top of the model atmosphepg:and zsc are the pressure and the height
of the model bottom boundarypref is a reference pressure vertical profile (e.g. pressure of the
standard atmospha).

The concentration equation simulates all major processes of the atmospheric dust Eigle2 (.

During the model integration, calculation of the surface dust injection fluxes is made over the model
points declared as deserts. Once injected into #we dust aerosol is driven by the atmospheric model
variables: by turbulent parameters in the early stage of the process when dust is lifted from the ground
to the upper levels; by model winds in the later phases of the process when dust travels awdiidrom
sources. Finally, by thermodynamic processes and rainfall of the atmospheric model and land cover
features which provide wet and dry deposition of dust over the Earth surface.

Figure2.1 Injection, transport and deposition proses of dust.

One of the key components of the dust model is the treatment of the sourcing terms in the
concentration continuity equation. Failure to adequately simulate/predict the production phase of the
dust cycle leads to wrong representation of alhet dust processes in the model. Therefore, special
attention is made to properly parameterize the dust production phase. Wind erosion of the soil in the
model parameterization scheme is controlled mainly by the following factors: type of soil, type of
vegetation cover, soil moisture content, and surface atmospheric turbulence. The major input data used
to distinct the dust productive soils from the others are a global data set on land cover. Another data
participating in dust production calculations is lal soil texture data set from which particle size
parameters are evaluated.

In DREAM, concentration is used as a surface condition. The released surface concentration of mobilized
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particles and the corresponding surface vertical flux depend on thetstrer and state of the soil and
the turbulent regime of the lower atmosphere. The vertical flux of dust is also a function of friction
velocity and soil moisture. Its main components are summarized in the Fig. 2.2 and they are:

A Dust production schemadapted from Shao et al. (1993yith introduced viscous sulayer
(Janjic, 1994).

Particlesize distribution effects.

Soil wetness effects on dust production (Fecan et al., 1999).

Dry (Giorgi, 1986) and wet deposition.

Horizontal and vertical advection, turbule and lateral diffusion (Janjic, 1994, 1997)
represented as for other scalars in the Eta/NCEP model.

A
A
A
A

The initial state of dust concentration in the model is defined by thé@dr forecast from the previous

day model run. The model at the starting dayNslzy dzaAy 3 aO2ft R &G NIé¢ O2
concentration initial state. The model needs aboth Bays for spinning up and for establishing reliable

dust concentration conditions, depending on the study region.

EMISSION SCHEME DYNAMICS and MIXING
2 Vertical flux Dust horizontal advection (Janjic, 1997; Lagrangian)
F; = c-&-ul [—[ l-‘_,] ] - Shao et al. [1993] Dust vertical advection (Janjic, 1997 Stepwise linear; Eulerian)
. . e Dust horizontal difussion (Janjic, 1990)
¢ tunning parameler Dust vertical diffusion (MYJ; Janjic 1994)
& source function
—_— Soil moisture ﬂ =_u£_v£_[w_vﬁ)8q _V(KHVC;)
Uy = Uaggy A1+ 1.21(w—w ) effects o a @’ &
w=(0.0014-%Clay) +0.17-%Clay | Fecan etal. [199] 0 ( ﬁ] _{ﬂ} [‘x‘xJ
Z N 3
& & a SOURCE a SINK
Bagnold [1941] Threshold ustar
oy = A,jm byt DEPOSITION and turbulent mixout
i Pa
_ 2gpRi Settling velocity calculated from
Vet = 9 Stokes Formula
1
S=A-fy . Y e
4 s frction (desert mask) 01 Giorgi [1986] for dry deposition  “dep L 1
/2 fractions of clay (bins 1 to 4) Source function
and sit (bins 5 to 8) Ve Saovu
¥ mass available for uptake [0-1] w
(w15
Viscous sub-layer for dust injection near the surface O Jsikadep - Az '
F0-K IC',_"—("O [Janjic, 1994] . — . :
EETRS AL Grid-scale precipitation: Zhao microphysics
ac C épP Simple below cloud wasout ratio
ac, _ Fy [E] =—¢ [ A= o1 ] for grid-scale and convective
ES e Az N B4 precipitation
SINKwdep

Figure2.2 Paranetrizations equations of the Injection, transport and deposition processes of dust.
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The model qualitative and quantitative evaluation studies performed using different datasets outline the
good skills of the model (e.g. Balis et al., 2006; Pérez et0Odga2 Jiménetuerrero et al., 2008, Todd
et al., 2008; Haustein et al., 2009).

2.3. The BSGDREAMS8b model

The updated BSDREAMS8Db model is delivering operational dust  forecasts
(www.bsc.es/projects/earthscience/DREAM) over North AfEcaopeMediterranean andEastAsia
regions Fig. 2.3 in the last years.

Figure2.3 North AfricaEuropeMediterranean and Eashsia forecast domains of DREAM.

The BSOREAMS8b operational model version (version 2.0) described in detail by Pérez et al. (2006b)
and Basart et al. (2012b) includes a more detailed bin method in which the two first categories (clay and
small silt) are divided into 8 size bins between 0.1 andmtO In this interval, the aerosol effects on

solar radiation are most significant. Theabintervals are the same as used by Tegen and Lacis (1996)
64SS ¢l o0fS HPMO |YyR a2dz2NOS RAaAGNROdziAzy RSNAROGS
DREAMS8Db v2.0. Moreover, grid points acting as desert dust sources are specified using arid and semiarid
categories of the global USG®rh vegetation data set as well as a preferential source mask based upon
2L323INF LIKAOFE | LIINRI OK FNRBY DAy2dze SiG Ffd dHnAmML
source regions improves the realism of the modest load in the vicinity of the sources. Another data
participating in dust production calculations is the FA®M global soil texture data set from which

particle size parameters are evaluated.

In this latest version, dry and wet deposition schemesehlagen updated improving the description of

the dust transport. The new dry deposition scheme is based on Zhang et al. (2001) and takes into
account Brownian diffusion, interception and impaction are considered. Moreover, gravitational settling
based on tle seminal work by Slinn (1982) is also included.
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Therefore, the main features introduced are:

A Eight size transport bins between 0.1 and 10 um range are considered

A Dust radiative feedbacks on meteorology.

A Updated dry and wet deposition schemes

A Grid pointsacting as desert dust sources are specified using arid and semiarid categories of the
global USGS-Em vegetation data set, a preferential source mask and the FX@ global soil
texture data set.

Table2.1 Transport bins and sdhin distribution parameters. From left to right: bin number, minimum and
maximum radius of each size bin, effective radius of each bin, number median radius of the distribution, geometric
standard deviation, extinction efficiency%82 and 1064 nm (extracted from Pérez et al. 2006a).

Bin | Moy T M) | T (M) |1 17 Q 532nm | Q 1064 nm
1 0.1-0.18 0.15 | 0.2086| 2| 1373 0.217
> | 01803 005 |0.2986] 2 | 3.303 1.043
3 0.30.6 0.45 |0.2986] 2 | 3.245 3.300
4 061 078 |0-2986] 2 | 2.413 3.509
5 1-1.8 13 |02986] 2 | 2262 2.293
6 183 5o |0.2986] 2 | 2260 2.282
7 16 28 |0298 | 2] 2162 2.217
8 6-10 21 |02986] 2| 2108 2.164

Soil Preprocessing

BSEDREAMS8b v2.0 uses USGS vegetation dataset to determine vegetation types. This dataset has a
spatial resolution of 30 seconds of arc (1 km at the equator). These 100 vegetationatgésen
transformed into 13 SSiB vegetation types (Fig.2.4 and Table 2.2).
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Table 2.2SSiB Vegetation Types (Dorman and Sellers, 1989)

Type Description

1 Broadleafevergreen trees (tropical forest)

2 Broadleafdeciduous trees

3 Broadleaf and needle&f trees (mixed forest)

4 Needle leafevergreen trees
5 Needle leafdeciduous trees (larch)
6
7
8
9

Broadleaf tress with groundcover (savannah)
Groundcover only (perennial)

Broadleaf shrubs with perennial groundcover
Broadleaf shrubs with bare soil

10 Dwarf trees and shrubs with groundcover (tundra)
11 Bare soil
12 Cultivations (The same parameters for the Type 7)
13 Glacial

Vegetation types
\j

SOIL (-
< >
10 12 13

1 2 3 4 5 6 7 8 9 1

Data Min= 1, Max = 13

Figure2.4 SSiB Vegetation Types distribution according to (Dorman and Sellersfatd88)North Arica-
MediterraneanEuropeMiddle East region.

Furthermore, BSOREAMS8b v2.0 uses FAO soil classification (FAO, 1988) to characterize soil texture.
The global dataset has a spatial resolution of 2 minutes in a regular latitude/longitude grid
(approximatey 4km at the equator). These 133 different FAO soil types are transformed into 9 Zobler
types. For each of the 9 Zobler soil types a fraction of Clay, Silt and Sand is assigned according to

Nickovic et al. (2001) (Fig.2.5 and Table 2.3).
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Table 2.3The9 Zobler soil types a fraction of Clay, Silt and Sand is assigned according to Nickovic et al. (2001). A
maximum soil moisture (w') above which there is no emission, is defined as well for each soil type.SSiB Vegetation Types
(Dorman and Sellers, 1989)

Type Zobler Cosby et al. Clay Silt Sand g Q&

1 Coarse Loamy sand 0.12 0.08 0.80 2.5
2 Medium Silty clay loam 0.34 0.56 0.10 6.8
3 Fine Light clay 0.45 0.30 0.25 11.5
4 Coarsemedium Sandy loam 0.12 0.18 0.70 2.5
5 Coarsefine Sandy clay 0.40 0.10 0.50 10.0
6 Medium-ine Clay loam 0.34 0.36 0.30 6.8
7 Coarsemedfine  Sandy clay loam 0.22 0.18 0.60 3.5
8 Organic Loam 0 0 0 0

9 Land ice Loamy sand 0 0 0 0

Soil texture types

Figure2.5 . The 9 Zobler soil types distribution a fraction of Clay, SilSamd is assigned according to Nickovic et al.
(2001) for the North AfricMediterraneanEuropeMiddle East region.

Dustradiation interactions

In the BSOREAMS8b v2.0 model, dust is treated as a radiatively active substance interacting with both
short end longwave radiation. Within every model time step both aerosol and atmospheric fields are
updated due to their mutual influences. In order to couple dust and radiation processes, a radiative
transfer model including aerosol effects developed at the GoddClimate and Radiation Branch has
been implemented into the NCEP/Eta atmospheric model replacing the Geophysical Fluid Dynamics
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Laboratory radiation package.

The solar radiation parameterization (Chou and Suarez, 1999) includes the absorption duesto wat
vapour, Q, @, CQ, clouds, and aerosols. Interactions among the absorption and scattering by clouds,
aerosols, molecules (Rayleigh scattering), and the surface are fully taken into account. There are eight
bands in the ultraviolet and visible regiondathree bands in the infrared region. Fluxes are integrated
virtually over the entire spectrum, from 0.175 mm to 10 mm. Band intervals are list€édhble2.1. A
maximum random approximation is adopted for the overlapping of clouds at different heights.
Reflection and transmission of a cloud and aerdsdlen layer are computed using theEtidington
approximation. Fluxes are then computed using the stieeam adding approximation. The loagve
radiation parameterization (Chou et al., 2001) is based orll886 version of the Air Force Geophysical
Laboratory HITRAN database (Rothman et al., 1998). The parameterization includes the absorption due
to major gaseous absorption (water vapour, A20s;) and most of the minor trace gases(\ CH,

CFCs), as welbalouds and aerosols. The thermal infrared spectrum is divided into nine bands and a
subband (from 0 to 3000 cr) (Table2.4). Scattering due to clouds and aerosols is included by scaling
the optical thickness. The gaseous transmission function is ctdpeither using the ddistribution

method or a table lockup method. For a cloud layer the optical thickness is parameterized as a function
of cloud water/ice amount and the effective particle radius, whereas the siaféering albedo and
asymmetry fator are parameterized as a function of the effective particle radius. The effective particle
radius is, in turn, parameterized as a function of cloud water/ice concentration and temperature.
Aerosol optical properties as functions of spectral band, hemyhd, species are input parameters to the
radiation routine.

Table2.4 Spectral Bands in the Solar and Thermal Wavelengths in the Radiation Module

Nomber | SOlar Wavelengtmm | {17 TR
1 0.17% 0.225 0-340
0.225 0.245
0.260; 0.280 340540
3 0.24% 0.260 540-800
4 0.280; 0.295 800-980
5 0.29% 0.310 980-1100
6 0.310; 0.320 11001215
7 0.320; 0.400 12151380
8 0.400; 0.700 13801900
9 0.70c 1.22 1900:3000
10 1.2 2.27
11 2.27¢ 10.0

In the BSIOREAMS8b 2.0 dustradiation scheme, eight dust size bins is used. The bin intervals are taken
from Tegen and Lacis (1996) as listed @ble 2.1 Within each transport bin, dust is assumed to have
time-invariant, subbin lognormal distribution (Zender et al., 20p8@mploying the transport mode with

mass median diameter of 2.524 mm (Shettle, 1984) and a geometric standard deviation of 2.0 (Schulz et
al., 1998). The analytic sdiin distribution allows accurate prescription of physical and optical
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properties known tovary across the bin widthlable 2.lindicates the calculated extinction efficiency
factor for 532 and 1064 nm.

For each size bin and wavelength we calculate the extinction efficiency,-stagtering albedo and
asymmetry factor with a Mialgorithm baed on the work of Mishchenko et al. (2002). Each particle is
assumed to be homogeneous and spherical. Although there is sufficient experimental evidence that
nonsphericity of desert dust can result in significantly different scattering properties thasetho
predicted by Mie theory (Mishchenko et al., 2000), its effect upon radiative fluxes and albedos is small
(Lacis and Mishchenko, 1995). Complex refractive indices are taken from the Global Aerosol Data Set
(GADS) (Koépke et al., 1997) although it habeasignaled that recent in situ measurements of dust
absorption at solar wavelengths suggest that the adopted indexes of refraction could be excessively
absorbing (Kaufman et al., 2001). Finally, a weighted integration across the spectral band width is don
with the extraterrestrial solar irradiance spectrum for the solar wavelengths and the Planck function for
long-wave wavelengths. Mean values of optical thickngs$, singlescattering albedo, and asymmetry
factor are in turn derived for each spectrard O ) and atmospheric layer. In this casd,) and the

a(l ) are related to column mass loading and mass concentration, respectively, by:

8 3 3 A
T(A) = Z 7. (A =Z M)—erQexr (A

8 3 8 3
a(d)= Z ap(A) =Z —C, 0., (A
1 T Aper

where for each size bin kil ) is the AODax(l ) the extinction coefficient/y is the particle mass
density,r« is the effective radius, Ms the column mass loadingy i€ the concentration and Q( )« is
the extinction efficiency factor which was calculated using Mie scattering theory.

2.3.1. Bibliography related with BSOREAMS8b

All the details of BSODREAM8b modedlescription presented in the present manuscript have been
described in detail in the following publications:

1. Nickovic, S., Kallos, G., Papadopoulos, A., and Kakaliagou, O.: A model for prediction of desert dust
cycle in the atmosphere, J. Geophys. Re36, D16, 181138129, doi: 10.1029/2000JD900794,
2001.

2. Pérez, C., Nickovic, S., Baldasano, J. M., Sicard, M., Rocadenbosch, F., and Cachorro, V. E.: A long
Saharan dust event over the western Mediterranean: Lidar, Sun photometer observations, and
regionaldust modeling, J. Geophys. Res., 111, D15214, doi: 10.1029/2005JD006579, 2006.

3. Pérez, C., Nickovic, S., Pejanovic, G., Baldasano, J. M., and Ozsoy, E.: Interactdetist
modeling: A step to improve weather forecasts, J. Geophys. Res., 111, D16@06,
10.1029/2005JD006717, 2006.
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4. Basart, S., Pérez, C., Nickovic, S., Cuevas, E. and Baldasano, J.M.: Development and evaluation of
the BSEDREAMBS8b dust regional model over Northern Africa, the Mediterranean and the Middle
East, Tellus B, 64, 18539, ddip://dx.doi.org/10.3402/tellusb.v64i0.18539, 2012b.

These articles are available at BSC websit.bsc.es/projects/earthscience/DREAM/
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3. BSCDREAMS8b evaluation results

The present sectiomcludes a review of the BEIREAM8b model evaluation activities. The model has
been evaluated and analysed in several studies which are specific about three aspects: yealnear
time daily evaluation of the model forecasts, 2) for Europe and the Meadiberan Basin, as well as, 3)

for Northern Africa and Middle East. Table 3.1 lists the references related to the evaluation results
included in the present section.

Table 31t dzo f A Ol G A 2 y DREAM8banddel 2vEluaii &8 analysis works.

Basart el al. (2009) BSEDREAMS8b Annual (2004)
North  AfricaMiddle Basart et al. (2012b) BSEDREAMS8b Annual (2004)
EastEurope
Amiridis et al. (2013) BSEDREAMS8b Longterm (20072011)
Papayannis et al. (2008) DREAM Longterm (20062002)
Europe Pay et al. (2010) BSEDREAMS8b Annual (2004)
Basart et al. (2012a) BSEGDREAMS8b Annual (2004)
Western Pérez et al. (2006a) BSEDREAMS8b Dust event (April 2002)
Mediterranean Pérez et al(2006b) BSCDREAMSb Dust event (June 2002)
) JiménezGuerrero et al. (2008) DREAM Dust event (Junduly 2006)
span Pay et al. (2012) BSEDREAMSb Annual (2004)
Portugal Borrego et al. (2011) BSEDREAMS8b Annual (2010)
Monteiro et al. (2015) BSEDREAMS8b Annual (2011)
Tchepel et al. (2013) BSEDREAMS8b Dust event (July 2006)
Italy Kishcha et al. (2007) DREAM Longterm (20012003)
Gobbi et al. (2013) BSEDREAMS8b Longterm (20012004)
Mona et al. (2014) BSEDREAMS8b Longterm (20062012)
Eastern Medirranean Balis et al. (2006) DREAM Dust event (Augsep 2003)
Tsekeri et al. (2013) BSEDREAMS8b Dust event (Ju2011)
Papayannis et al. (2009) DREAM Longterm (20042006)
Greece Amiridis et al. (2009) BSEDREAMS8b Dust event (May 2008)
Papanastasioutel. (2010) BSEDREAMS8b Longterm (20012007)
Central Europe Klein et al. (2010) BSEDREAMS8b Dust event (MayJune 2008)
Georgia Kokkalis et al. (2012) BSEDREAMS8b Dust event (May 2009)
Kt‘l’;iﬁii' Bastern Nortf 1 onsoPérez et al. (2011) DREAM Long-term (19582006)
Gama et al. (125) BSEDREAMS8b Annual (2011)
North-Central Africa Todd et al. (2009) BSEDREAMS8b Dust event (BodEx, Mar 2005)
Morocco Haustein et al. (2009) BSEDREAMS8b Dust event (SAMUM, Majun 2006)
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Finally, this section alsorgsents some studies in which the dust simulations from-BREAMS8b are
used as research and forecasting tools as well as a list of several projects where the model is involved.

3.1. Previous evaluation studies about the DREAM model

The original DREAM model hhden evaluated and used in different study cases in the past years as
show in the following publications:

1. AlonscPérez, S., Cuevas, E., Perez, C., Querol, X., Baldasano, J. M., Draxler, R., and de Bustos, J
J. (2011): Trend changes of African airmassusians in the marine boundary layer over the
subtropical Eastern North Atlantic region in winter, Tellus B, 63;2855 doi: 10.1111/j.1600
0889.2010.00524 .x.

2. Balis, D., Amiridis, V., Kazadzis, S., Papayannis, A., Tsaknakis, G., Tzortzakis, SN.Kalivitis
Vrekoussis, M., Kanakidou, M., Mihalopoulos, N., Chourdakis, G., Nickovic, S., Perez, C.,
Baldasano, J. M., and Drakakis, M. (2006): Optical characteristics of desert dust over the East
Mediterranean during summer: a case study, Ann. Geophys., Z4330Q.

3. JiménezGuerrero, P., Pérez, C., Jorba, O., and Baldasano, J. M. (2008): Contribution of Saharan
dust in an integrated air quality system and itslove assessment, J. Geophys. Res. Lett. 35.

4. Kishcha, P., Alpert, P., Shtivelman, A., Krichak, So&eph, J. H., Kallos, G., Katsafados, P.,
Spyrou, C., Gobbi, G. P., and Barnaba, F. (2007): Forecast errors in dust vertical distributions
over Rome (ltaly): Multiple particle size representation and cloud contributions, J. Geophys.
Res., 112, D15205, tib0.1029/2006JD007427.

5. Gama, C., Tchepel, O., Baldasano, J.M., Basart, S., Ferreira, J., Pio, C., and Borrego, C. (2015
Seasonal patterns of Saharan dust over Cape Vemleombined approach using observations
and modelling, Tellus B, 67, 24410.

6. Papayanis, A., Amiridis, V., Mona, L., Tsaknakis, G., Balis, D., Bésenberg, J., Chaikovski, A., De
Tomasi, F., Grigorov, I., and Mattis, 1. (2008): Systematic lidar observations of Saharan dust over
Europe in the frame of EARLINET (22002), J. Geophys. Re§3l

7. Papayannis A., R. E. Mamouri, V. Amiridis, S. Kazadzis, C. Pérez, G. Tsaknakis, P. Kokkalis and J.N
Baldasano (2009): Systematic lidar observations of Saharan dust layers over Athens, Greece in
the frame of EARLINET project (2Bd06), Annales Geopkigae, 27, 36113620.

3.2. Near-real time evaluation of BSC -DREAMSDb

Adaily evaluation systenwith AERONET and satellite data is included in the operationaDBEBM8b
v2.0 website fittp://www.bsc.es/earthsciences/mineratust/bscdream8bforecast/nrt-evaludion).
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Figure 3.1Caption of the BSBREAMS8b daily evaluation website (http://www.bsc.es/eatiences/mineratlust/bsecdream8bforecast/nrt
evaluation). In the image the spatial distribution of the 74 AERONET sunphotometers used in the model comparison

The BSOREAMS8b v2.0 model outputs are compared with the disert observations from the Aerosol

Robotic Network AERONEThttp://aeronet.gsfc.nasa.goy/ The comparison of model forecasts to
AERONET aerdsoptical depth (AOD) at 550nm for selected dpsine stations includes time series

with 1-hourly data for the last 15 days and for the last month in the archive section. For the forecast
daily evaluation, VersionRevel 1.5 of AERONET products are usedel 1.5 data is automatically cloud
screened (Smirnov et al., 2000) but may not have final calibration applied. Currently, 72 AERONET sites
in Northern Africa, Middle East and Europe (Fig. 3.1) are used in the model comparison of AOD.
Moreover, inthosea G F A2y a G6KSNB GKS aLISOGNIf RSO2@2ft dzii Az
2003) is available additional comparison of the AOD fine and coarse are included.

In the case of satellite products, the model outputs are qualitatively comp&t8&/RGBand MODIS
images.

I Thus, the BSODREAM8b v2.0 model simulations are qualitatively compared against the
MSG/RGRlust product every 6 hours for 3 different domains: SaFaahel, Europe and Spain.
Fig. 3.2 shows an example corresponding to a desert dust deest” April 2011. In this RGB
combination, dust appears pink or magenta.

Page 18


http://aeronet.gsfc.nasa.gov/

Barcelona
Supercomputing
Center BSGAG2015-001
Centro Nacional de Supercomputacion

Technical Report

coNTACT | quickunks v | smEmap | oo | [ | [

Barcelons it

sy Earth Sciences
« Contor

e Neclos de Supevcorputacicn

'COMPUTER
'SCIENCES

T =Y

K2 Earth Sciences
¥ Air Quaity Modelling
+ Atmospheric Modelling
& Mineral Dust
+ BSC-DREAMSb Forecast
2 NMMBIBSC-Dust Forecast
* Mode description
£ NAME-E Domain
O North Afrca, Middie East and [o May|2015 v 0‘
Europe BSC-DREAMSb v2.0 Dust Load
+ Giobal Domain 18h forecast for 06U
i

» NRT Evaluation

North Africa, Middle East and Europe

BSC-DREAMBSD

NA-ME-E Domain

Su Mo Tu We Th Fr Sa

* BSC Mineral Dust Database

10/ 31 12|/ 13 14| 15/ 16
17/[ 18 19)| 20/[ 21 22/[ 23
24 25/[ 26 27 28] 29| 30

+ Technology TransferiStudies

* Software

* Publications

* PhD Thesis Doctmentos

* Seminars

* Events BSC-DREAMS8D

* News

* Links NRT Evaluation
AERONET Evaluation

Farecasts sy
MODIS Real-Time

* CALIOPE (Air Quality Forecasting System)
* CALIOPE-ANDALUCIA

* BSC-DREAMBD

* NMMB/BSC-Dust

* WMO SDS-WAS NAMEE RC

* Barcelona Dust Forecast Center

Databases

0 6 12 24 30 38 a
HEEEEENR P = o]
* Air Quality Database W=
* BSC Mineral Dust Database

Figure 3.2Caption of the BSDREAMS8b daily evaluation website (http://www.bsc.es/eatiences/mineral
dust/bsedream8bforecast/nrtevaluation). In the image, the BE®REAMB simulation (top panel) vs. the MSG/RGB
image (bottom panel) corresponding to desert dust event 6hMa&y 2015.

I ForMODIS photo-like imagery is available within a few hours of being collected and the science
community uses these images in projecte IKERONET. The images shown in the BSC website
are collected directly from the AERONET Data Synergy Tool of NASA Goddard Space Flight
Center http://aeronet.gsfc.nasa.gov/cebin/bamgomas_interactive and they show the latest
MODIS image available for the selected AERONET site. Fig. 3.3 shows the MODIS image
corresponding to Palma de Mallorca site during a desert dust event on 17th June 2012.
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Figure 3.3Caption of the BSDREAMB8b aily evaluation website (http://www.bsc.es/eartiences/mineral
dust/bscdream8bforecast/nrtevaluation). In the image the MODIS image corresponding to Palma de Mallorca site
on 17" June 2012.

3.3. European and the Mediterranean evaluation of BSC -DREAMS8b

Ground-based observations from observation networks as EARLINET, AERONET and EMEP; and satellite
products outlined the good skills of BB&EAM8b concerning both the horizontal and vertical extent of
the dust plume irEurope and the Mediterraneaas shownn the following publications:

1. Basart, S., Pay, M. T., Jorba, O., Pérez, C., Ji@éee=ro, P., Schulz, M., and Baldasano, J. M.
(2012a): Aerosols in the CALIOPE air quality modelling system: evaluation and analysis of PM
levels, optical depths and cheoal composition over Europe, Atmos. Chem. Phys, 12,-3363
3392, doi: 10.5194/acft2-33632012a.

2. Papanastasiou, D. K., Poupkou, A., Katragkou, E., Amiridis, V., Melas, D., Mihalopoulos, N.,
Basart, S., Pérez, C., and Baldasano, J. M. (2010): An AssesstientEfficiency of Dust
Regional Modelling to Predict Saharan Dust Transport Episodes, Advances in Meteorology, 2010,
154368, doi:10.1155/2010/154368.

3. Pay, M. T., Piot, M., Jorba, O., Gasso, S., Goncalves, M., Basart, S., Dabdub, D-, Jiménez
Guerrero, P.and Baldasano, J. M. (2010): A Full Year Evaluation of the CAUWQKNEQuality
Modeling System over Europe for 2004, Atmos. Environ., 44, -3322,
doi:10.1016/j.atmosenv.2010.05.040.

4. Pay, M. T., Jiménezuerrero, P., Jorba, O., Basart, S., QueroRafdolfi, M., and Baldasano, J.
M. (2012): Spatiwemporal variability of concentrations and speciation of particulate matter
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