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Executive summary

The main goal of the present proposal is the development and implementation of a state-of-the-art dust forecasting
system for Kuwait - “Kuwait Dust Forecasting System (K-Dust)’. The system will provide routine dust storm
forecasts at the Kuwait Institute for Scientific Research (KISR), allowing user-oriented applications of societal and
economic importance in Kuwait. K-Dust will be based on three main pillars:

1) A research phase to optimize the model behaviour over Kuwait. This activity will focus on the
characterization of sand and dust storms over Kuwait and the refinement of the dust source term for the
region in the dust forecast-modeling system.

2) The implementation of a dust forecast-modeling system: this will involve the design of a dust forecasting
system for Kuwait, including an optimal domain and resolution configuration for the region and its
operational implementation to deliver daily dust forecasts at the HPC Cluster of the Kuwait Institute for
Scientific Research.

3) Data management, near-real-time evaluation with observations, and visualization of outputs and
products through a website interface.

4) Training and capacity building: especial attention will be devoted to the transfer of knowledge and
technical skills to the Kuwait Institute for Scientific Research to independently operate and maintain the
dust forecasting system.

The project will be developed over a period of two years. At the end of this period the Kuwait Institute for
Scientific Research will have the capacity to provide routine dust forecasts in Kuwait.

The Barcelona Supercomputing Center (BSC) is the Spanish National Supercomputing facility and a hosting
member of the PRACE distributed supercomputing infrastructure. BSC houses MareNostrum, one of the most
powerful supercomputers in Europe. The BSC also hosts other HPC systems such as MinoTauro, one of the most
energy-efficient supercomputers in the world. The mission of BSC is to research, develop and manage information
technologies to facilitate scientific and societal progress. The Earth Sciences Department at BSC (ES-BSC) has
developed into a reference institution in Europe in the field of climate predictions, air quality and atmospheric
composition modelling. The Atmospheric Composition group at ES-BSC aims at better understanding and
predicting the spatio-temporal variations of atmospheric pollutants along with their effects upon air quality, weather
and climate and contributes to a variety of forecasting activities. A core activity of the Atmospheric Composition group
is dust storm modelling and forecasting from regional to global scales. As a result of its excellence, the BSC
hosts both the WMO SDS Warning Advisory and Assessment System (SDS-WAS), and more recently of the first
Regional Specialized Meteorological Center for Northern Africa, Middle East and Europe with activity specialization
on Atmospheric Sand and Dust Forecast, the Barcelona Dust Forecast (BDFC), in a close and successful
collaboration with the Spanish State Meteorological Agency (AEMET).
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1. Justification of the project

Aerosols or Particulate Matter (PM) are an important component of the atmosphere that influences the climate,
environment and air quality. Air pollution by PM is of worldwide interest because of its strong social and economic
impacts. PM is constituted by a complex mixture of particles emitted by natural sources (e.g. desert dust or sea salt)
and anthropogenic sources (e.g. vehicle exhaust, industry or biomass burning, among others).

The major source regions of mineral dust production are found on the desert regions of the Northern Hemisphere;
from the eastern subtropical Atlantic eastwards through the Sahara to Arabia and southern Asia. The Arabian
Peninsula is identified as one of the major world regions where dust storm generation is especially intense (Figure 1).

Figure 1. Left pannel: Distribution of dust sources identified by satellite retrievals in the Middle East (extracted from Ginoux et
al., 2012). The white circled sources are numbered as follows: 1, Chalbi Desert of Kenya; 2, coastal desert of Somalia; 3, Nogal
Valley of Somalia; 4, Danakil Desert of Ethiopia; 5, Lake Tana of Ethiopia; 6, northeast Sudan; 7, Hadramawt region; 8, Empty
Quarter; 9, highlands of Saudi Arabia; 10, Jordan River Basin of Jordan; 11, Mesopotamia; 12, Urumia Lake of Iran; 13, coastal
desert of Iran; 14, Hamun-i-Mashkel; 15, Dasht-e Lut Desert of Iran; 16, Dasht-e Kavir Desert of Iran; 17, Qobustan in Azerbaijan;
18, Atrek delta of Turkmenistan; 19, Turan plain of Uzbekistan; and 20, Aral Sea. Right pannel: Dust storm episode over Kuwait
on 24 June 2015.

Kuwait is significantly affected by severe dust storms, especially in the summertime. In the Arabian Peninsula there
has been an increasing trend in dust events and dust loads in the past decade observed by visibility and satellite
records (Hsu et al 2012; Solmon et al., 2015). Dust storms represent a serious hazard for health, property,

environment and economy, and plays a significant role in different aspects of weather, climate and atmospheric
chemistry. The main impacts are:

1. Impact on human health: respiratory diseases, cardiovascular diseases, infections (Kwaasi el al., 1998;
Rodriguez et al., 2001; Escudero et al., 2005, 2007; Thomson et al., 2006; Gerasopoulos et al., 2006; Kallos
et al., 2007; Kogak et al., 2007,. Mitsakou et al., 2008; Al-Dabbas et al., 2012; de Longueville et al., 2012 ;
Pérez et al., 2013).

2. Impact on ground and air transportation due to visibility reduction (Shirkhani-Ardehjani, 2012).
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3. Impact on energy and industry (EI-Shobokshy and Hussein, 1993; El-Nashar, 2003; Elminir et al., 2006;
Sulaiman et al., 2011; Gueymard, 2012; Ohde and Siegel, 2012; Sayyah et al., 2012; Charabi and Gastli,
2012; Schroedter-Homscheidt et al. 2012).

4. Impact on ecosystems (Fung et al., 2000; Jickells and Spokes, 2001; Jickells et al., 2005; Mahowald et al.,
2005; Shao, 2008; Stefanski and Sivakumar, 2009; Wijayratne et al., 2009; El-Gaely, 2012; UNEP, 2012).

5. Impact on climate (Tegen et al., 1996, Mahowald et al., 2006, 2010; Stenchikov et al., 2011; IPCC 2007

and 2013).

6. Impact on the hydrological cycle (Levin et al., 1996; Miller et al. 2004, Li and Shao, 2009; Zhao et al.
2011).

7. Impact on weather prediction (Li et al., 1996; Moulin et al., 1997; Miller and Tegen, 1998, Pérez et al.,
2006b).

8. Impact on atmospheric chemistry (Prospero et al., 1995; de Reus et al., 2000; Bonasoni et al., 2004;
Cuevas et al., 2013).
9. Impact on satellite retrievals (Merchant et al., 2006 ; Amiridis et al., 2013).

2. Objectives and expected results

The BSC was contacted by Prof. Mohamed F. Yassin from the Kuwait Institute for Scientific Research to request
dust forecasting capabilities for Kuwait. Based on this request, the BSC has prepared the K-Dust project whose main
objectives are the implementation of a mineral dust forecasting-modelling system for Kuwait and the transfer
of knowledge and technical skills to operate and maintain the system. The expected results of the implementation
of the system are:

* Increased knowledge of the region in terms of dust dynamics, and particularly on the characterization of
weather types and typical synoptic situations favoring dust outbreaks.

» Serving as a complement for dust observations, increased understanding of dust processes and prediction
of the impact of dust.

» Better spatial identification of dust sources and dust transport paths that will help define future locations for
the observational network.

* Quantification and analysis of the cross-boundary transport of mineral dust towards Kuwait.

+ Provision of timely and accurate operational dust forecasts, critical for important socio-economic sectors,
such as civil aviation, public health, energy, industry, etc.

* New tools to provide information to end-users about current and future dust concentration and derived
parameters.

»  New infrastructure for the issuance of warning advisories.

3. Development of the proposal

The project will be developed over a period of two years according to the three steps shown in the diagram
presented in Figure 2. The K-Dust project is structured along three interrelated working packages. WP1 (Sand and
Dust Storm characterization) will compile all the available dust observations over Kuwait and provide a dust
climatology over Kuwait that will be used to refine the localisation of the dust sources in the model domain as well as
to select the observations suitable for the near-real-time evaluation of the dust forecasting system. WP1 will feed
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WP2 and WP3. WP2 (Dust Forecasting System) involves the implementation of a dust forecasting system over
Kuwait. WP3 (Capacity building) will provide the necessary scientific and technical background to the staff at KISR
to manage the forecasting system.

PROJECT: |
Acranym|k

Duratian

Task 1.1 Compilation of available information | I DLl

Task 1.2 Aerosol characterisation and desert saurces indentification Di.2

WPZ: Dust farecssting systam [

Task 2.1 HPC resource requirements M21 | D21

Tazk 2.2 Madel configuration m2.2

Task 2.3 Maodel compilation and testing | | M3

Task 2.4 Improvement of the model performance | [ | | D2z | |

Task 2.5 Operational Implementation M4 D23
Ta=k 2.6 Data Management MZ5 I . D23

Task 2.7 Visualization Interface [ . | . . | p2s

Task 3.1 Dust forecasting skills and observations |D3.1/M3.1 D3.2/M32 [ | |
Task 3.2 Implamentation and maintainance of a dust forecasting system | D&.ﬁmtﬂl“,l{m D3.5/M3.5 D3E/M3.E

Figure 2. Timing of the work packages and their components. M refers to milestone and D refers to deliverable.

WP1 Sand and dust storm characterization over Kuwait

This activity will focus on the compilation of available dust (ground-based and satellite) observations over Kuwait to
perform the characterization of dust storms over Kuwait and the refinement of the dust sources affecting Kuwait in
the modeling system.

Task 1.1. Compilation of available dust information for the study region. In-situ and ground-based remote
sensing observations of aerosols and dust will allow the characterization of both natural and anthropogenic
aerosols over Kuwait. This information will essential for the Task 1.2, and to implement the near-real-time
evaluation included in the operational dust forecasting system (WP2). This task considers the participation of
KISR to provide and get access to national and local databases.

Task 1.2. Aerosol characterization and refinement of the dust sources in the modeling system. Using the
results of Task 1.2, an aerosol characterization over Kuwait based on long-term ground-based and satellite
aerosol observations will be described. This aerosol characterization will include a climatology of SDS over
Kuwait. This climatology will consider seasonal patterns, frequency, intensity of dust storm events (annual,
seasonal and diurnal), interannual variability of dust storms, climatological trends of dust outbreaks that
contributes to identify the frequency and intensity of dust production events in the region of study. These results
will be used for the improvement of the model through the refinement of the localisation of the dust sources over
the study domain (Task 2.2) and the implementation of the near-real-time evaluation considered in the
operational forecasting system (Task 2.6). All the tests to obtain the optimal desert dust source mask for our
region of interest that will be implemented in the operational system (WP2) can be run at the HPC
supercomputer hosted by BSC.
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Deliverables

D1.1. Report on SDS over Kuwait including the available observations that it can be used for the operational
near-real-time evaluation.
D1.2. Improved desert dust source map for dust modeling of the Middle East.

Milestones
M1.1. Compilation of available ground-based and satellite observations over the Middle East.

WP2 Implementation of the dust forecasting-modeling system

The main objective of this task is the implementation of a mineral dust forecasting system using the NMMB/BSC-
Dust model in order to perform a daily mineral dust forecast (72 hours) at high spatial resolution over Kuwait. The
forecast simulations will be evaluated in near-real-time with available data from ground based stations. A
comprehensive analysis will be performed. The model input data and emission parameterizations will be further
adapted to the specific domain and improved.

The NMMB/BSC-Dust model (Perez et al, 2011; Haustein et al. 2012) has been selected to forecast the
atmospheric cycle of mineral dust in Kuwait. The model is comprised of an atmospheric model (the Non-Hydrostatic
Multi-scale Model, NMMB) developed at NOAA/NCEP (Janjic, 2005; Janjic and Black, 2007; Janijic et al., 2011; Janjic
and Gall, 2012) and a dust module developed by the Atmospheric Composition Group of the BSC in close
collaboration with NOAA/NCEP and other partners, including the NASA Goddard Institute for Space Studies (NASA
GISS) and the University of California, Irvine (UCI) (Pérez et al., 2011; Haustein et al., 2012; Jorba et al., 2012;
Spada et al., 2013; Badia and Jorba, 2014). This state-of-the-art model is designed to be efficient, flexible, and
extendible. It contains advanced physics, chemistry and aerosol packages, and has the unique ability to be
configured as a global model or as a very high-resolution regional model. Physical processes include dry deposition,
grav-itational settling, wet deposition (including rainout and washout in and below the clouds), and radiative
interaction allowing feedbacks between dust and the atmosphere. The model produces forecasts at the SDS-WAS
Regional Center for a regional domain comprising Northern Africa, Middle East and Europe, where it is combined
with other dust model forecasts from collaborating institutions and evaluated in near-real time. The model also runs
operationally (7 days a week, 365 days a year) at the Barcelona Dust Forecast Center (BDFC; http://dust.aemet.es/)
with a horizontal resolution of 10 km for the same region. At the global scale, the model contributes to the
International Cooperative for Aerosol Prediction (ICAP) Multi Model Ensemble (Sessions et al., 2014), A detailed
description of the model is presented in Section 6.2.

Task 2.1 HPC resource requirements. The modelling system needs an HPC facility to be executed. This
includes a computing cluster with several nodes and a filesystem tuned to run parallel simulations. The parallel
programming model implemented in NMMB/BSC-Dust is Message Passage Interface (MPI) and can be
compiled with a wide range of compilers. A general-purpose architecture is required. A group of HPC experts
from BSC will visit Kuwait to analyse the current capacity of the KISR cluster. The BSC can performance HPC
analyses using performance tools based on hardware counters to improve the performance of the model (Tint6
Prims et al., 2015). This information will be considered for the definition of the model configuration (Task 2.2).

Task 2.2 Model configuration. The model configuration (which includes the definition of the domain, resolution
and the input databases for the model run) will be achieved using the results of the WP1 (the definition of the
source mask) and the available HPC resources at KISR (computational and storage resources) resulting from
Task 2.1.

Task 2.3 Model compilation and testing. To build the NMMB/BSC-Dust model in the KISR’s cluster, BSC wiill
need to install additional software applications (i.e. libraries and tools) for the model compilation and execution.
Once the model configuration is defined (Task 2.2) and the necessary software installed, a general compilation
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and execution of the forecast system is required. The model outputs will be used to verify that the model has
been correctly built in the KISR cluster.

Task 2.4 Improvement of the model performance. The performance of the dust forecast system will be
analysed using BSC performance tools (https://tools.bsc.es/). To perform this analysis some software (i.e.
Extrae) will be installed. Trace analysis of an execution in the KISR cluster will be analysed with the
methodology developed by the BSC. The communication pattern of the model, the input/output of the system,
the coupling of the meteorology with the chemistry and aerosols, among others will be studied. Any improvement
on the model performance will have an important effect on the overall forecast time of the forecasting system.
Recommendations to tune the hardware or execution parameters could be transmitted to system administrators
of the cluster.

Task 2.5 Operational Implementation. The dust operational system consists in three main modules: pre-
processing, model run and post-processing. The pre-processing includes a download and degrib of the
meteorological input data from the global meteorological model (typically, ECMWF or NCEP). The post-
processing includes the generation of the output files (in NetCDF format) and the map generation (using a
programming language as Python, GrADS or R).

Task 2.6 Data Management. Output files from the dust prediction model and observational data from the air
quality monitoring stations will be gathered together with other products (RGB product from Meteosat Second
Generation, MSG,... ) resulting from Task 1.1 and organized through a database in order to facilitate the
generation of products suitable for operational monitoring and forecast. For the data storage, it would be needed
a volume of approximately 1 TB per year. The storage server(s), if separated from the front-end (web interface)
should be connected to this with a gigabit or (better) low latency network to make the communication between
storage and visualization layer easier and not create overhead. KISR will be in charge to provide the necessary
storage server and BSC will build storage infrastructure in the machine.

Task 2.7 Visualization interface. The information resulting from the operational dust forecasting system will be
presented to users through a web-based application based on the current web-interface from the Barcelona Dust
Forecast Center (http://dust.aemet.es), which will provide:

e Three-hourly charts of the main parameters predicted by the model (dust surface concentration, dust
load, dust optical depth, dry and wet deposition, ...) up to a lead time of 72 hours.

e Daily and monthly plots of model data interpolated to specific sites (e.g., air quality stations, airports,
main cities) updated after every model run including the available observations.

To host the web-interface, it would be needed a server with this minimum technical requirements:

e 8 cores 3.2GHz, 64 bit architecture
e 16 GB main memory
e hard disk size minimum 0.5TB + data volume (if hosted in the same server)

It will be necessary to install all software packages to run the web server, mail server and data processing and
visualization libraries. KISR will be in charge to provide the web-server and BSC will install all the necessary software
and libraries and build the web-interface.

Deliverables

D2.1. Report on the available HPC resources on KISR to build the dust forecasting system.
D2.2. User Guide of the dust forecasting system.

D2.3. Report on the model performance.

D2.4. Data catalogue (model and observations).

D2.5. Web interface based on the BDFC configuration.

5
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Milestones

M2.1. HPC visit to KISR-Kuwait.

M2.2. Model configuration.

M2.3. Compiled code.

M2.4. Implementation of the operational download of the necessary input data.

M2.5. Implementation of the storage database (modelled and observational products).

WP3 Capacity building and training

The main objective of this task is to work on the transfer of knowledge and skills on dust forecasting providing
guidelines on dust products and to build capacity of the KISR staff to maintain the model.

Task 3.1. Dust forecasting skills and analysis of dust from observations. This first task will focus on
providing the necessary background to the KISR staff on dust forecasting. It will provide fundamental concepts
about dust forecasting models and training on the manipulation of the most common scientific formats. BSC will
provide access to the forecasts products of the Barcelona Dust Forecast Center (that are based on the
NMMB/BSC-Dust model) to KISR. These operational dust products will be used to provide real cases to the
attendants of the courses.

Task 3.2. Implementation and maintenance of a dust forecasting system. The set of courses included in this
task are oriented to prepare the KISR staff to build and maintain the dust operational system. The courses will
focus on the structure of the operational system from WP2 as well as the basic concepts to configure one
forecast domain and to maintain and enhance the web-server interface.

Deliverables

D3.1. Training course 1 (20h): Dust observations and forecasting models.

D3.2. Training course 2 (20h): Manipulation (read/write and visualization using programming languages as
GrADs, Python, R,...) of scientific formats (NetCDF, Grib, ASCII, ...).

D3.3. Training course 3 (20h): Compilation of the NMMB/BSC-Dust model.

D3.4. Training course 4 (20h): Operational system: download input data, preprocessing, model execution and
postprocessing.

D3.5. Training course 5 (20h): The NMMB/BSC-Dust model - parameterizations and main routines of the model
code.

D3.6. Training course 6 (20h): Data management (storage/archive) and web-interface.

Milestones

M3.1. Announcement of the training course 1.
M3.2. Announcement of the training course 2.
M3.3. Announcement of the training course 3.
M3.4. Announcement of the training course 4.
M3.5. Announcement of the training course 5.
M3.6. Announcement of the training course 6.
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4.

The total budget of the K-Dust project for the two years is 684,069.89 € as it is detailed in Figure 4. The largest part
of the budget is dedicated to personnel costs, as the proposal relies on the scientific and technical skills and robust
expertise of the BSC staff. The budget also includes other direct costs as:

Budget justification and payment

e Travels: The HPC consultancy mission will include the visit to Kuwait Institute for Scientific Research of 2
HPC experts described in WP2. Additionally, this amount of the budget will include the trips of the experts
that will manage the 6 trainings described in the WP3.

Other direct costs: The budget includes an item to cover the organization of the 6 trainings (described in

WP3) considering during the execution of the K-Dust project.

PROJECT: |Kuwait Dust Forecasting Systen
Acronym | k-0
Duration: | 2 year
Personng Travel Other direct
WP1: Desert dust characterisation £ 129,444.05 £ 12344405 | € 6,000.00
WP2: Dust forecasting system £ 310,578.54 £ 310,578.54 - -

WP3: Capacity building £ 244,047.30 € 14804730 | € 60,000.00 | €  36,000.00
TOTAL £ 684,069.89 - £ 582,069.89 € 66,000.00 €  36,000.00
Figure 4. Summary of the budget by WP.

5. Conditions

The model code itself, all information and materials in the framework of the present K-Dust project will be treated by
KISR as confidential information.

The technical support provided by BSC is limited to the duration of the current K-Dust project. Any further technical
assistance beyond the duration of the K-Dust project is not considered in the current proposal. Additionally, future
updates or improvements of the model, beyond the model version built in KISR during the current K-Dust project, are
not considered in the current proposal and they must be discussed in the framework of a new agreement.

Prior notice of any planned publication resulting from the current K-Dust project shall be shared between BSC and
KISR at least 30 calendar days before the publication. Any objection to the planned publication shall be made in
writing to the institution proposing the dissemination within 2 calendar days after receipt of the notice. If no objection
is made within the time limit stated above, the publication is permitted.

6.

The Barcelona Supercomputing Center — Centro Nacional de Supercomputacién (short named as BSC), created in
2005, has the mission to research, develop and manage information technology in order to facilitate scientific
progress. At the BSC, more than 350 people from 40 different countries perform and facilitate research into
Computer Sciences, Life Sciences, Earth Sciences and Computational Applications in Science and Engineering. This

Information about the Barcelona Supercomputing Center
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multi-disciplinary approach and the combination of world-leading researchers and experts in HPC (High-Performing
Computing) with state-of-the-art supercomputing resources make BSC unique.

The BSC is one of the first eight Spanish “Severo Ochoa Centre of Excellence” awarded by the Spanish
Government, as well as one of the four hosting members of the European PRACE Research Infrastructure FP7
project. The BSC hosts MareNostrum Il (Figure 6), a Tier-0 PRACE system currently ranked as the #12 most
powerful supercomputer in Europe (#36 in the world) with 1Pflop/s capacity. In addition, the BSC hosts other High-
Performance Computing (HPC) resources, among which it is worth mentioning MinoTauro, one of the most efficient
supercomputers in the world (#35 in the last ranking of the top500 green list).

The Earth Sciences Department of the BSC (ES-BSC) was established with the objective of carrying out research in
Earth system modeling. The high performance capabilities of MareNostrum Ill and the close collaboration with the
Computer Sciences department allow 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 physico-chemical processes occurring in the atmosphere. Therefore it represents an excellent
infrastructure to carry the Earth system simulations on which the ES-BSC is a worldwide reference.

The ES-BSC conducts research on air quality, mineral dust and climate modelling and strongly contributes to the
scientific and technological advancement in atmospheric and mineral dust modelling. In this sense, the ES-BSC
develops and maintains a state-of-the-art mineral dust model: NMMB/BSC-Dust. The excellent results of the group
on this field have contributed to the recently creation of the first World Meteorological Organization (WMO) Regional
Meteorological Center specialized on Atmospheric Sand and Dust Forecast, the “Barcelona Dust Forecast Center”. In
which the NMMB/BSC-Dust model has been selected as the reference mineral dust model. Currently the model
provides mineral dust forecasts to the World Meteorological Organization (WMOQ) Sand and Dust Storm Warning
Advisory and Assessment System (SDS-WAS) Northern Africa- Middle East-Europe (NAMEE) Regional Center that
is managed by a consortium between the Spanish Weather Service (AEMET) and BSC.

Figure 6. Supercomputer Mare Nostrum Ill hosted by the BSC in Barcelona.
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6.1.  Description of work expertise

The Earth Sciences Department of the BSC (ES-BSC) was established in 2006 with the objective of carrying out
research in Earth system modelling. The ES-BSC inherited the activity of the Environmental Modelling Laboratory of
the Universitat Politécnica de Catalunya (UPC). The main topics of research of the ES-BSC are: atmospheric
modelling, mineral dust modelling, air quality modelling and global and regional-global climate modelling.

With respect to mineral dust modelling, the updated BSC-DREAM8b v2.0 and the new NMMB/BSC-Dust are the
models developed and operated in the ES-BSC to simulate the atmospheric cycle of mineral dust. Two dust forecast
operational systems based on BSC-DREAM8b v2.0 and NMMB/BSC-Dust models are daily available through the
web page. The BSC in collaboration with AEMET hosts the WMO Northern Africa-Middle East-Europe Regional
Center of the Sand and Dust Storm Warning Assessment and Advisory System (SDS-WAS NAMEE Regional
Center). In which both the BSC-DREAM8b v2.0 and NMMB/BSC-Dust mineral dust forecast simulations are
participating at regional scale (0.3°x0.3°). In this portal, several dust models developed worldwide are compared and
evaluated in a near-real time system developed at BSC. The BSC-DREAM8b v2.0 is considered a reference model
for mineral dust modelling at regional scales. However, due to the hydrostatic nature of the ETA model, the spatial
resolution of the BSC-DREAMSD is limited and cannot be increased. In this sense, the availability of the NMMB/BSC-
Dust model has enabled to perform mineral dust simulations at high spatial resolution.

The experience acquired with the management of the WMO SDS-WAS NAMEE Regional Center has contributed to
the creation of the first WMO Regional Meteorological Center specialized on Atmospheric Sand and Dust Forecast,
the Barcelona Dust Forecast Center (BDFC) which is hosted in Barcelona (Spain) and it is managed but the
consortium formed by AEMET and BSC. The NMMB/BSC-Dust model has been designed as the reference mineral
dust model of the BDFC which enables to perform mineral dust forecast simulations at 0.1°x0.1°.

The BSC-DREAMSb v2.0 mineral dust model (Pérez et al., 2006a,b; Basart et al., 2012a) is the updated version of
the Dust Regional Atmospheric Model: DREAM (Nickovic et al., 2001). The BSC-DREAM8b model is embedded into
the Eta/NCEP atmospheric model and solves the mass balance equation for dust taking account the different
processes of the dust cycle (i.e. dust emission, transport and deposition). The DREAM and BSC-DREAM8b model
have demonstrated their capabilities in an important number of evaluation studies (e.g. Pérez et al., 2006a,b;
Haustein et al., 2009; Pay et al., 2010, 2012; Basart et al., 2012a,b; Gobbi et al., 2013) performed so far using data
from observation networks such as the European Lidar Network EARLINET, the AERONET/PHOTONS sun-
photometer network, and ground-level PM levels. Satellite aerosol products are used to compare and analyze the
modelled dust.

On the other hand, the NMMB/BSC-Dust model is a part of the new NMMB/BSC-Chemical Transport Model
(NMMB/BSC-CTM; http://lwww.bsc.es/earth-sciences/nmmbbsc-project; Pérez et al., 2011; Jorba et al., 2012; Spada
et al., 2013; Badia and Jorba, 2014) a new chemical weather prediction system under development at ES-BSC in
collaboration with with NOAA/National Centers for Environmental Prediction (NCEP), NASA Goddard Institute for
Space Studies and the International Research Institute for Climate and Society (IRI) and the University of California
Irvine. The NMMB/BSC-Dust model (Pérez et al., 2011; Haustein et al., 2012) is fully embedded into the Non-
hydrostatic Multiscale Model NMMB developed at NCEP (Janjic, 2005, 2009; Janjic and Black, 2007; Janjic et al.,
2011). The NMMB model provides an improved numerical environment for the physical and dynamical schemes,
essential to be able to increase the model resolution, the forecast domain or the number of incorporated physical and
dynamical processes. The NMMB is used operationally by NCEP for North America since October of 2011. The
NMMB/BSC-Dust provides daily short to medium-range dust forecasts for both regional and global domains. The
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NMMB/BSC-Dust model has been evaluated at regional (for Northern Africa, Middle East and Europe) and global
scales (Pérez et al., 2011; Haustein et al., 2012) showing the good performance of the model to reproduce the dust
cycle.

The ES-BSC group has previous experience on the generation of climatologies related to mineral dust. The ES-BSC
has developed different dust climatologies over the European and North African domain. The models BSC-DREAM
and NMMB/BSC-Dust models were used to generate such climatologies for 50 years (1958-2006) at horizontal
resolution of 0.3° and for 30 years (1979-2010) at 0.5°, respectively. These simulations have been used in the
analysis of dust trends in Alonso-Pérez et al. (2011) and Pérez Garcia-Pando et al. (2014). Furthermore, a database
with the numerical dust forecasts of both the BSC-DREAM8b and NMMB/BSC-Dust models for the period 2000-2014
are accessible from this page: http://www.bsc.es/earth-sciences/mineral-dust/catalogo-datos-dust.

Concerning air quality modelling, the ES-BSC has developed several emission inventory models for anthropogenic
and biogenic emissions (Parra et al., 2004, 2006; Baldasano et al., 2008a; Guevara et al., 2013). The Department
has a wide experience with air quality models that take into account photochemical interactions of the different
species of pollutants (Jiménez et la., 2003, 2008a; Gongalves et al., 2009). Several studies of the dynamics of air
pollutants within the Western Mediterranean Basin, Spain and whole Europe have been carried out with CMAQ and
CHIMERE models (Jorba et al., 2008b). The ES-BSC has coordinated a national initiative that aimed at developing
the air-quality forecasting system for SPAIN under the umbrella of the CALIOPE project funded by the Environmental
Ministry of Spain (Baldasano et al., 2008b; Pay et al., 2010; Baldasano et al., 2011; Pay et al., 2012; Basart et al.,
2012b). The aim of CALIOPE stands for delivering air-quality related products with very high resolution (1 km for hot
spot regions, 4 km for Spain, 12 km for Europe, 1 hr-temporal resolution) useful to a wide range of users for reducing
the impacts of air pollution on human health.

Furthermore, the Department has a wide experience in the applications of lidar techniques (e.g., Soriano et al., 2001;
Bésenberg et al., 2003; Pérez et al., 2004; Sicard et al., 2006; Sicard et al., 2011), participating in environmental
campaigns of measurements with lidar, collaborating with Los Alamos National Laboratory (LANL), New Mexico
(USA) and summer 1996 and 1997 with ERLAP (European Reference Laboratory of Air Pollution), Environmental
Institute, JRC-ISPRA European Commission, and participating in the European EARLINET and ACTRIS network.
Furthermore, works of the group (Pérez et al., 2006ab; Haustein et al., 2009; Gobbi et al., 2013, Amiridis et al., 2013;
Mona et al., 2013) have focused on the evaluation of mineral dust models with lidar observations. Currently, ES-BSC
manages a Micro Pulse Lidar and a AERONET sunphotometer located in Barcelona.

The internationalization of the research activity is guaranteed by the participation of the ES-BSC in European funded
projects (e.g., APPRAISAL, FIELD-AC, IS-ENES, IS-ENES2, MACC, EARLINET, of the EU 7th Framework
Programme; Excellence Network of the 6th EU Framework Programme on Atmospheric Pollution and Climate
Change; ACCENT; etc.). Additionally, the Department maintains active collaborations with international groups and
scientists of recognized prestige such as the Computational Sciences Laboratory of the University of California
(Irvine, EEUU) directed by Dr. Donald Dabdub; Dr. Slobodan Nickovic of the World Meteorological Organization; Dr.
Zavisa Janjic of the National Centers of Environmental Predictions (NCEP-NOAA), USA; the Department of
Atmospheric Chemistry of the Max Planck Institute for Chemistry, Germany (Dr. Jos Lelieveld), the Norwegian
Institute for Air Research (Dr. Leonor Tarrasén) and the National Center for Atmospheric Research, EEUU (Dr.
Rolando Garcia).

Also it should be mentioned that ES-BSC participates in the intergovernmental framework for European Cooperation
in Science and Technology Actions (COST actions): 1) ES1004. European framework for online integrated air quality
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and meteorology modelling (EuMetChem); and 2) ES1002. European framework for Weather Intelligence for
Renewable Energies (WIRE).

The experience gained in these research fields has resulted in numerous publications in international magazines (59
publications in JCR-SCI journal, in the period 2008-2013), and proceeding in national and international congresses
(more than 150, in the period 2008-2013). These publications can be found in: http://www.bsc.es/earth-
sciences/publications-and-communications. Furthermore, the group has contributed to the formation of future
research scientist with the successful development of 17 PhD theses during the last 10 years.

It also may be highlighted the contracts with private enterprises (energy companies, cement companies, etc.). These
collaborations have allowed technology transfer and know-how transfer between the ES-BSC and Spanish and
international enterprises:

. SIEMENS

. Iberdrola

. Gas Natural

. SGS

. Enel Viesgo

. Inypsa

. PB Power

. Holcim

. SAMPOL

. GHK

. ESBI Energy Innovation
. Cementos Portland

. ENCE

. SAMCA

. PRYSMA

. Idom

. hc energia grupo EDP
. RESA

6.2. The mineral dust NMMB/BSC-Dust model

ES-BSC has a wide experience in dust modelling. At present, two operational forecast systems are maintained in the
ES-BSC for the North Africa-Middle East-Europe domain: NMMB/BSC-Dust (Figure 3) and BSC-DREAMS8b. These
two models have been developed and implemented as well as extensively evaluated by ES-BSC. Both forecast
systems are verified operationally in NRT (near real time conditions) against ground-based (AERONET) observations
and satellites (MODIS and MSG). The daily dust evaluation plots show comparisons of AOD values from the dust
forecast systems compared to the large number of AERONET stations which include desert dust source regions in
the Arabian Peninsula. The MODIS and MSG images are used to qualitatively compare the desert dust load fields
observed by the satellite sensors. This allows constant monitoring of the quality of the forecast systems. Additionally,
works of the ES-BSC group (Basart et al., 2012a,b; Haustein et al., 2009,2012; Pay et al., 2010,2012; Pérez et al.,
2006 a,b, 2011) have focused on the evaluation of dust models with lidar observations, sun-photometer data
(AERONET) and satellite imagery as well as intensive experimental campaigns over desert dust source regions (i.e.
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SAMUM and Bodex). Furthermore, some previous studies showed that the inclusion of dust radiative effect has
shown a way to improve numerical weather prediction results through feedbacks between aerosol concentration and
meteorology (Pérez et al., 2006b).

ES-BSC provides mineral dust forecasts with NMMB/BSC-CTM to European projects (Charmex, DIAPASON and
EARLINET). Both models, BSC-DREAM8b and NMMB/BSC-Dust are participating in the NAMEE Regional Center of
the WMO SDS-WAS Programme (sds-was.aemet.es). NMMB/BSC-Dust is also involved in the initiative International
Cooperative on Aerosol Prediction (ICAP). Furthermore, NMMB/BSC-Dust is the model of the recently created
Barcelona Dust Forecast Center of the WMO which is the first specialized center on mineral dust storm forecasting.

NMMB/B5C-Dust Dust Surface Conc. (ug/m®) NMMB/BSC-Dust 6h Acc. Prec. {mm) and MSL Pres. (hPux)
48h forecast for 12UTC 18 Apr 2016 48h forecast for 12UTC 18 Apr 2016
hitp:/ fwwwbsc.es/ pm_,rrrr';,fftrrh';f'u nee NMMB— BSC— DUST] http:/ fuwww ;-'“5" es/projects/earthscience | NMMB— BSC— DUST
1‘_,——’ R : I. & B = -
BN 2650 L & 50
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640 20
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J_— 160 o
5
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Figure 3. An example of the daily forecast product of the NMMB/BSC-Dust for 12UTC 18 April 2016. Dust load and cloudiness
from the North Africa-Middle East-Europe domain.

BSC-DREAMSb is a regional dust model using as meteorological driver the hydrostatic NWP (Numerical Weather
Prediction) ETA model developed in the 90's. Although the model shows its ability to reproduce the dust long-range
transport from the Sahara to Europe and North Atlantic region in different model evaluation analysis (i.e. Pérez et al.,
2006 a, b; Pay et al., 2010, 2012; Basart et al., 2012a,b), due to its hydrostatic core it is not able to run at high
horizontal resolutions. Due to the hydrostatic capacity of the ETA model, the spatial resolution of the BSC-DREAM8b
is limited and cannot be increased. Consequently, the NMMB/BSC-Dust model will be used in this project in order to
perform a comprehensive dust storms assessment in Kuwait at high spatial resolution.

In this sense, the NMMB/BSC-Dust model will be the main tool used in the present research project. The
NMMB/BSC-Dust model is a part of the new in-house chemical transport model at BSC (Pérez et al., 2011; Jorba et
al., 2012; Spada et al., 2013; Badia and Jorba, 2014) a new chemical weather prediction system under development
at ES-BSC in collaboration with with NOAA/National Centers for Environmental Prediction (NCEP), NASA Goddard
Institute for Space Studies and the International Research Institute for Climate and Society (IRI) and the University of
California Irvine.

The NMMB meteorological model is used by NCEP as the operational forecast system for the North America domain
since October of 2011. Its most relevant characteristic is its on-line coupling with a state-of-the-art global/regional
meteorological model with non-hydrostatic dynamics. This provides a unique framework to simulate/predict air quality
and weather in a wide range of scales from global to mesoscale applications (from 100 to 1 km), and allows
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interactions among dust-chemistry-meteorology processes. At present, the NMMB/BSC-Dust model provides
operational dust forecast over North Africa- Middle East-Europe (see Figure 3) and global regions which are daily
published through the web site of ES-BSC (http://lwww.bsc.es/projects/earthscience/NMMB-BSC-DUST/). The
NMMB/BSC-Dust model (Pérez et al., 2011, Haustein et al., 2012; Gama et al., 2015; Basart et al., 2016)
incorporates different parameterizations from its predecessor the BSC-DREAM8b model. However, several
improvements in the emission scheme, advection, sedimentation and deposition processes have been introduced in
the new model.

The NMMB/BSC-Dust model solves the mass balance equation for dust taking into account the following processes:
(1) dust generation and uplift by surface wind and turbulence, (2) horizontal and vertical advection (Janjic et al., 2005,
2007), (3) horizontal diffusion and vertical transport by turbulence and convection (Janjic et al., 2005, 2007) (4) dry
deposition and gravitational settling (Zhang et al., 2001) and (5) wet removal which includes in-cloud and below-cloud
scavenging from convective and stratiform clouds (Betts, 1986; Betts and Miller, 1986; Janijic, 1994; Ferrier et al.,
2002). Furthermore, in order to take into account the effects of aerosols and mineral dust interactively, the rapid
radiative transfer model (RRTM) (Mlawer et al., 1997) is implemented in the model. The NMMB/BSC-Dust model
includes a physically-based dust emission scheme which explicitly considers saltation and sandblasting processes
(White, 1979; Marticorena and Bergametti, 1995; Marticorena et al., 1997).

6.3.  Project team and expertise of the staff involved.

Among other experts, the following qualified manpower will be participating in this Project. The next paragraphs
summarize their experience in previous similar studies:

Prof. Dr. Carlos Pérez Garcia-Pando. He will act as the responsible researcher for the proposed project. Dr. Pérez
is AXA Professor on Sand and Dust Storms, Ramon y Cajal Fellow and leader of the Atmospheric composition Group
at BSC. His research focuses on understanding the physical and chemical processes controlling atmospheric
aerosols, and evaluating their effects upon climate, ocean biogeochemistry, air quality, and health. His core area of
expertise is atmospheric mineral dust. He is also a model developer with a large experience in HPC and operational
forecasting. Between 2009 and 2016 he worked at the NASA Goddard Institute for Space Studies and Columbia
University, where he served as Pl and co-Pl in competitive research projects funded by the U.S. Department of
Energy, NASA and NOAA, with collaborators at NOAA/NCEP, NOAA/Geophysical Fluid Dynamics Laboratory,
Princeton University and Cornell University. Aside of his significant research achievements related to dust-radiation
interactions, dust-mineralogy, and dust effects on health, he led an international multi-institutional initiative to develop
a unique unified (regional and global) prediction model for weather, atmospheric aerosols, and chemistry that today
provides operational forecasts widely used by the international scientific community, weather services, companies,
and air quality managers. This is the model that will be implemented for this project. He also played a seminal role in
the design, creation, and successful implementation of the WMO Regional Centres on Sand and Dust Storm (SDS)
prediction in Spain, the only operational dust forecasting service in the region fully recognized by WMO.

Dr. Pérez Garcia-Pando’s work resulted in 50 peer-reviewed papers (67% in Q1, h-Index: 27, i10-Index: 42, citations:
2730, source: Google Scholar, 29-11-2016), 20 chapters in books/proceedings/reports, 150 contributions to
conferences/workshops/seminars (26 as invited speaker) and the edition of a book of proceedings. He organized an
international conference and a workshop on SDS. He participated in 27 international (US and EU) and national
projects (in 6 of them as PD, Pl or co-Pl). He co-advised 3 PhD students, 3 Master students, and 1 Postdoc. His work
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was highlighted among others by NASA and the European Centre for Medium-Range Weather Forecasts (ECMWF),
and covered by international media such as The Guardian. Dr. Pérez Garcia-Pando was recently awarded with an
AXA Chair to support an ambitious mineral dust research program at BSC.

Dr. Sara Basart. She is a researcher at the Earth Sciences Department of the BSC. Her main research background
covers mineral dust modelling, and aerosols. She is scientist-in-charge of the WMO Regional Meteorological Center
specialized on Atmospheric Sand and Dust Forecast, the Barcelona Dust Forecast Center and the WMO SDS-WAS
NAMEE Regional Center, hosted by AEMET and BSC. She also collaborates in international projects as Copernicus
and the International Cooperative on Aerosol Prediction (ICAP) initiative.

Dr. Albert Soret. He is the coordinator of the Earth System services group at BSC. For the last 8 years he has been
in charge of technology transfer and research collaborations with several public and private national and international
organizations, including environmental consultancy studies, emission models. He has been involved in several
international projects (FIELD_AC, RETHINK-big).

MSc Kim Serradell. In charge for the system administration of all the computational resources of the department for
the last five years, he's also responsible of supervising the operational runs of the NMMB/BSC-Dust model in the
HPC infrastructures of the BSC and also involved in the analysis of the model to improve the performance.
Furthermore, he's focused in deploying different earth system models (dust transport, climate or weather forecast)
required by the department in a wide range of HPC architectures. He applied with success these skills in projects like
IS-ENES (1 & 2), the WMO SDS-WAS NAMEE Regional Center or CONSOLIDER.

7. References

Al-Dabbas , M., M. Ayad Abbas and R. Al- Khafaji.: The Mineralogical and Micro-Organisms Effects of Regional Dust
Storms over Middle East Region, International Journal of Water Resources and Arid Environments, 1(2): 129-141,
2011.

Alonso-Pérez, S., Cuevas, E., Perez, C., Querol, X., Baldasano, J. M., Draxler, R., and de Bustos, J. J.: Trend
changes of African airmass intrusions in the marine boundary layer over the subtropical Eastern North Atlantic region
in winter, Tellus B, 63, 255-265, doi: 10.1111/j.1600-0889.2010.00524 x, 2011.

Amiridis, V., Kafatos, M., Perez, C., Kazadzis, S., Gerasopoulos, E., Mamouri, R. E., Papayannis, A., Kokkalis, P.,
Giannakaki, E., and Basart, S.. The potential of the synergistic use of passive and active remote sensing
measurements for the validation of a regional dust model, Ann. Geophys, 27, 3155-3164, 2009.

Amiridis V., U. Wandinger, E. Marinou, E. Giannakaki, A. Tsekeri, S. Basart, S. Kazadzis, A. Gkikas, M. Taylor, J.M.
Baldasano and A. Ansmann: Optimizing Saharan dust CALIPSO retrievals. Atmos. Chem. Phys. Special Issue:
Desert dust and its impact on air quality and climate, 13, 12089-12106, 14749-14795 www.atmos-chem-
phys.net/13/12089/2013/ doi:10.5194/acp-13-12089-2013, 2013.

Amiridis, V., Kafatos, M., Perez, C., Kazadzis, S., Gerasopoulos, E., Mamouri, R. E., Papayannis, A., Kokkalis, P.,
Giannakaki, E., and Basart, S.: The potential of the synergistic use of passive and active remote sensing
measurements for the validation of a regional dust model, Ann. Geophys, 27, 3155-3164, 2009.

Badia, A., and Jorba, O. :Gas-phase evaluation of the online NMMB/BSC-CTM model over Europe for 2010 in the
framework of the AQMEII-Phase2 project. Atmospheric Environment, 2014.

14



@

Barcelona
Supercomputing
Centor

Baldasano J.M., M.T. Pay, O. Jorba, S. Gass6 and P. Jiménez-Guerrero.: An annual assessment of air quality with
the CALIOPE modeling system over Spain. Science of the Total Environment 409: 2163-2178 doi:
10.1016/j.scitotenv.2011.01.041, 2001.

Baldasano J.M., L. P. Gliereca, E. Lopez, S. Gasso, P. Jimenez-Guerrero.: Development of a high resolution (1 km x
1 km, 1 h) emission model for Spain: the High-Elective Resolution Modelling Emission System (HERMES).
Atmospheric Environment, 42: 7215-7233 doi: 10.1016/j.atmosenv.2008.07.026, 2008a.

Baldasano J.M, P. Jiménez-Guerrero, O. Jorba, C. Pérez, E. Lépez, P. Glereca, F. Martin, M. Garcia-Vivanco, |.
Palomino, X. Querol, M. Pandolfi, M.J. Sanz and J.J. Diéguez.: CALIOPE: An operational air quality forecasting
system for the Iberian Peninsula, Balearic Islands and Canary Islands- First annual evaluation and ongoing
developments. Advances in Science and Research, 2: 89-98, 2008b.

Basart, S., Pérez, C., Nickovic, S., Cuevas, E., and Baldasano, J. M.: Development and evaluation of the BSC-
DREAMS8b dust regional model over Northern Africa, the Mediterranean and the Middle East, Tellus B, 64,
ttp://dx.doi.org/10.3402/tellusb.v64i0.18539, 2012a.

Baldasano J.M., M.T. Pay, O. Jorba, S. Gass6 and P. Jiménez-Guerrero.: An annual assessment of air quality with
the CALIOPE modeling system over Spain. Science of the Total Environment 409: 2163-2178 doi:
10.1016/j.scitotenv.2011.01.041, 2001.

Basart, S., Pay, M. T., Jorba, O., Pérez, C., Jiménez-Guerrero, P., Schulz, M. and Baldasano, J. M.: Aerosols in the
CALIOPE air quality modelling system: evaluation and analysis of PM levels, optical depths and chemical
composition over Europe, Atmos. Chem. Phys., 12, 3363-3392, doi:10.5194/acp-12-3363-2012, 2012b.

Basart, S., Pérez, C., Nickovic, S., Cuevas, E., and Baldasano, J. M.: Development and evaluation of the BSC-
DREAMS8b dust regional model over Northern Africa, the Mediterranean and the Middle East, Tellus B, 64,
ttp://dx.doi.org/10.3402/tellusb.v64i0.18539, 2012a.

Beck, C., Philipp, A.: Evaluation and comparison of circulation type classifications for the European domain. Physics
and Chemistry of the Earth, Parts A/B/C 35: 374-387. doi: 10.1016/j.pce.2010.01.001, 2010.

Betts A.K.: A new convective adjustment scheme. Part 1: Observational and theoretical basis. Quarterly Journal of
the Royal Meteorological Society, 112:doi:10.1002/j.49711247307, 1986.

Betts, A. K. and Miller, M. J.: A new convective adjustment scheme, Part Il: Single column tests using GATE wave,
BOMEX, ATEX and arctic air-mass data sets, Quarterly Journal of the Royal Meteorological Society, 112, 693709,
doi:10.1002/qj.49711247308, 1986.

Bonasoni, P., Cristofanelli, P., Calzolari, F., Bonafe, U., Evangelisti, F., Stohl, A., Zauli Sajani, S., van Dingenen, R.,
Colombo, T., and Balkanski, Y.: Aerosol-ozone correlations during dust transport episodes, Atmos. Chem. Phys., 4,
1201-1215, doi:10.5194/acp-4-1201-2004, 2004.

Bdsenberg, Matthias, J. V., Matthias, V., Amodeo, A., Amoiridis, V., Ansmann, A., Baldasano, J. M., Balin, |., Balis,
D., Béckmann, C., Boselli, A., Carlsson, G., Chaikovsky, A., Chourdakis, G., Comerdn, A., De Tomasi, F., Eixmann,
R., Freudenthaler, V., Giehl, H., Grigorov, |., Hagard, A., larlori, M., Kirsche, A., Kolarov, G., Komguem, L., Kreipl, S.,
Kumpf, W., Larchevéque, G., Linné, H., Matthey, R., Mattis, ., Mekler, A., Mironova, 1., Mitev, V., Mona, L., Miller,
D., Music, S., Nickovic, S., Pandolfi, M., Papayannis, A., Pappalardo, G., Pelon, J., Pérez, C., Perrone, R. M.,
Persson, R., Resendes, D. P., Rizi, V., Rocadenbosch, F., Rodrigues, A., Sauvage, L., Schneidenbach, L.,

15



@

Barcelona
Supercomputing
Centor

Schumacher, R., Shcherbakov, V., Simeonov, V., Sobolewski, P., Spinelli, N., Stachlewska, I., Stoyanov, D., Trickl,
T., Tsaknakis, G., Vaughan, G., Wandinger, U., Wang, X., Wiegner, M., Zavrtanik, M., and Zerefos, C.: EARLINET: a
European Aerosol Research Lidar Network to Establish an Aerosol Climatology, Max-Planck-Institut Report No. 348,
Hamburg, Germany, 2003.

Bricheno, L. M., Soret, A., Wolf, J., Jorba, O., Baldasano, J.M.: Effect of High-Resolution Meteorological Forcing on
Nearshore Wave and Current Model Performance. J. Atmos. Oceanic Technol. 30, 1021-1037. doi:10.1175/JTECH-
D-12-00087.1, 2013.

Casado, M.J., Pastor, M.A., Doblas-Reyes, F.J.: Links between circulation types and precipitation over Spain.
Physics and Chemistry of the Earth, Parts A/B/C 35: 437-447. doi: 10.1016/j.pce.2009.12.007, 2010.

Charabi, Y., and A. Gastli.: Spatio-temporal assessment of dust risk maps for solar energy systems using proxy data,
Renewable Energy, 44, 23-31, 2012.

Cuevas, E.. Establishing a WMO Sand and Dust Storm Warning Advisory and Assessment System Regional Node
for West Asia: Current Capabilities and Needs, WMO-No. 1121, Chair, Publications Board World Meteorological
Organization (WMO), ISBN 978-92-63-11121-0, 2013.

D'Almeida, G. A.: On the variability of desert aerosol radiative characteristics, J. Geophys. Res., 92, 3017-3026,
1987.

Dayan, U., Levy, I.: The influence of meteorological conditions and atmospheric circulation types on PM10 and
visibility in Tel Aviv. Journal of Applied Meteorology 44: 606-619. doi: /10.1175/JAM2232.1, 2005.

de Longueville F., P. Ozer, S. Doumbia and Henry S.: Desert dust impacts on human health: an alarming worldwide
reality and a need for studies in West Africa. Int J Biometeorol DOI 10.1007/s00484-012-0541-y, 2012.

de Reus, M., F. Dentener, A. Thomas, S. Borrmann, J. Strom, and J. Lelieveld.: Airborne observations of dust
aerosol over the north Atlantic ocean during ACE 2- indications for heterogeneous ozone destruction, J. Geophys.
Res., 105(15), 263-15, 2000.

doi:10.1080/014311698215333, 1998.

Elminir, H-K., A.E. Ghitas, R.H. Hamid, F. El-Hussainy, M.M. Beheary, K. M. Abdel-Moneim.: Effect of dust on the
transparent cover of solar collectors, Energy Conversion and Management, 47, 3192-3203, 2006.

El-Nashar A.M., Effect of dust deposition on the performance of a solar desalination plant operating in an arid desert
area, Solar Energy, Vol. 75, Issue 5, 421-431, 2003.

El-Shobokshy, M.S., and F.M. Hussein.: Effect of dust with different physical properties on the performance of
photovoltaic cells, Solar Energy, 51, 505-511, 1993.

Escudero, M., Castillo, S., Querol, X., Avila, A., Alarcon, M., Viana, M.M., Alastuey, A., Cuevas, E., Rodriguez, S.:
Wet and dry African dust episodes over Eastern Spain, Journal of Geophysical Research, 110 (D18S08) 10.1029,
2005.

Escudero M., Querol X., Avila A., Cuevas E.: Origin of the exceedances of the European daily PM limit value in
regional background areas of Spain, Atmospheric Environment, 41, 730-744, 2007.

16




@

Barcelona
Supercomputing
Centor

Escudero, M., Castillo, S., Querol, X., Avila, A., Alarcon, M., Viana, M.M., Alastuey, A., Cuevas, E., Rodriguez, S.:
Wet and dry African dust episodes over Eastern Spain, Journal of Geophysical Research, 110 (D18S08) 10.1029,
2005.

Fernandez-Montes, S., Rodrigo, F.S., Seubert, S., Sousa, P.M.: Spring and summer extreme temperatures in Iberia
during last century in relation to circulation types. In Press. Atmospheric Research. doi:
10.1016/j.atmosres.2012.07.013, 2012.

Ferrier, B. S., Jin, Y., Lin, Y., Black, T., Rogers, E., and DiMego, G.: Implementation of a new grid-scale cloud and
precipitation scheme in the NCEP Eta Model, Proc. 15th Conf. on Numerical Weather Prediction, San Antonio, TX,
Amer. Meteor. Soc., pp.280-283, 2002.

Fleig, AK., Tallaksen, L.M., Hisdal, H., Stahl, K., Hannah, D.M.: Inter-comparison of weather and circulation type
classifications for hydrological drought development. Physics and Chemistry of the Earth, Parts A/B/C 35: 507-515.
doi: 10.1016/j.pce.2009.11.005, 2010.

Fung, I., Meyn, S. K., Tegen, I., Doney, S., John, J., and Bishop, J.: Iron supply and demand in the upper ocean,
Global Biogeochem. Cy., 14, 281-295, 2000.

Gerasopoulos E., Kouvarakis G., Babasakalis P., Vrekoussis M., Putaud J.-P., Mihalopoulos N.: Origin and variability
of particulate matter (PM10) mass concentrations over the EasternMediterranean, Atmospheric Environment, 40, 25,
4679-4690, 2006.

Ginoux, P., Chin, M., Tegen, I., Prospero, J. M., Holben, B., Dubovik, O., and Lin, S.J.: Sources and distributions of
dust aerosols simulated with the GOCART model, Geophys. Res., 106, 20255-20274 10.1029/2000JD000053, 2001.

Gobbi, G. P., Angelini, F., Barnaba, F., Basart, S., Cattani, G., Inglessis, M., Marconi, A. and Baldasano, J.M.:
Particulate Matter Increase during Saharan Advections in the City of Rome (ltaly): A Four-Year Study (2001-2004),
Atmos. Chem. Phys., acp-2012-1044, 2013.

Gongalves M., P. Jiménez-Guerrero and José M. Baldasano.:Contribution of atmospheric processes affecting the
dynamics of air pollution in south-western Europe during a typical summertime photochemical episode. Atmos.
Chem. Phys., 9: 849-864, www.atmos-chem-phys.net/9/849/2009, 2009.

Gongalves M., A. Barrera-Escoda, D. Guerreiro, J.M. Baldasano, J. Cunillera.; Seasonal to yearly assessment of
temperature and precipitation trends in the North Western Mediterranean Basin by dynamical downscaling of climate
scenarios at high resolution (1971-2050). Climatic Change 122:243-256 DOI 10.1007/s10584-013-0994-y, 2014.

Gongalves M., P. Jiménez-Guerrero and José M. Baldasano.:Contribution of atmospheric processes affecting the
dynamics of air pollution in south-western Europe during a typical summertime photochemical episode. Atmos.
Chem. Phys., 9: 849-864, www.atmos-chem-phys.net/9/849/2009, 2009.

Guevara M., F. Martinez, G. Arévalo, S. Gasso, J.M. Baldasano.: Improved system for modelling Spanish emissions:
HERMESv2.0. Atmospheric Environment 81: 209-221 doi: 10.1016/j.atmosenv.2013.08.053, 2013.

Gueymard, C. A.: Temporal variability in direct and global irradiance at various time scales as affected by aerosols,
Solar Energy, Volume 86, Issue 12, December 2012, Pages 3544-3553, 2012.

Haustein, K., Pérez, C., Baldasano, J. M., Miiller, D., Tesche, M., Schladitz, A., Esselborn, M., Weinzierl, B., Kandler,
K. and Hoyningen-Huene, W. v.: Regional dust model performance during SAMUM 2006, Geophys. Res. Lett., 36,
L03812, doi:10.1029/2008GL036463, 2009.

17



@

Barcelona
Supercomputing
Centor

Haustein, K., Pérez, C., Baldasano, J. M., Jorba, O., Basart, S., Miller, R. L., Janjic, Z., Black, T., Nickovic, S., Todd,
M. C., Washington, R., Miller, D., Tesche, M., Weinzierl, B., Esselborn, M., and Schladitz, A.: Atmospheric dust
modeling from meso to global scales with the online NMMB/BSC-Dust model — Part 2: Experimental campaigns in
Northern Africa, Atmos. Chem. Phys., 12, 2933-2958, doi:10.5194/acp-12-2933-2012, 2012.

Haustein, K., Pérez, C., Baldasano, J. M., Miller, D., Tesche, M., Schladitz, A., Esselborn, M., Weinzierl, B., Kandler,
K. and Hoyningen-Huene, W. v.: Regional dust model performance during SAMUM 2006, Geophys. Res. Lett., 36,
L03812, doi:10.1029/2008GL036463, 2009.

Huth, R.,: Synoptic-climatological applicability of circulation classifications from the COST733 collection: First results.
Physics and Chemistry of the Earth, Parts A/B/C 35: 388-394. doi: 10.1016/j.pce.2009.11.013, 2010.

Ignatov, A. and Gutman, G.: The derivation of the green vegetation fraction from NOAA/AVHRR data for use in
numerical weather prediction models, Int. J. Remote Sens., 19, 1533-1543,

Janjic, Z. |.: The Step-Mountain Eta Coordinate Model: Further De- velopments of the Convection, Viscous Sublayer,
and Turbulence Closure Schemes, Monthly Weather Review, 122, 927—+, doi:10.1175/1520-
0493(1994)122h0927: TSMECMi2.0.CO;2, 199%4.

Janjic, Z. I.: A unified model approach from meso to global scales, Geophys. Res. Abstr., 7, SRef-ID: 1607-
7962/gra/EGU05-A-05582, 2005.

Janjic, Z. . and Black, T.: A unified model approach from meso to global scales, Geophys. Res. Abstr., 9, SRef-ID:
1607-7962/gra/EGU2007-A-05025, 2007.

Janjic, Z.: Further development of the unified multiscale Eulerian model for a broad range of spatial and temporal
scales within the new National Environmental Modeling System, EGU Gen- eral Assembly 2009, held 19-24 April,
2009 in Vienna, Austria, abstract #EGU2009-1587, 11, 1587, 20009.

Janjic, Z. I.: A unified model approach from meso to global scales, Geophys. Res. Abstr., 7, SRef-ID: 1607-
7962/gra/EGU05-A-05582, 2005.

Janjic, Z. I.: The Step-Mountain Eta Coordinate Model: Further De- velopments of the Convection, Viscous Sublayer,
and Turbulence Closure Schemes, Monthly Weather Review, 122, 927—+, doi:10.1175/1520-
0493(1994)122h0927:TSMECMi2.0.CO;2, 1994.

Janjic, Z., Janjic, T., and Vasic, R.: A Class of conservative fourth order advection schemes and impact of enhanced
formal accuracy on extended range forecasts, Mon. Weather Rev., 0, null, doi:10.1175/2010MWR3448.1, 2011.

Jickells, T., and Spokes, L.: Atmospheric iron inputs to the oceans, in: Biogeochemistry of Iron in Seawater, edited
by: Turner, D. R. and Hunteger, K., John Wiley and Sons, Ltd., Chichester, 85-121, 2001.

Janjic, Z.: Further development of the unified multiscale Eulerian model for a broad range of spatial and temporal
scales within the new National Environmental Modeling System, EGU Gen- eral Assembly 2009, held 19-24 April,
2009 in Vienna, Austria, abstract #£GU2009-1587, 11, 1587, 2009.

Jickells, T. D., An, Z. S., Andersen, K. K., Baker, A. R., Bergametti, G., Brooks, N., Cao, J. J., Boyd, P. W., Duce, R.
A., and Hunter, K. A.: Global iron connections between desert dust, ocean biogeochemistry, and climate, Science,
308, 67-71, 2005.

18




@

Barcelona
Supercomputing
Centor

Jickells, T., and Spokes, L.: Atmospheric iron inputs to the oceans, in: Biogeochemistry of Iron in Seawater, edited
by: Turner, D. R. and Hunteger, K., John Wiley and Sons, Ltd., Chichester, 85-121, 2001.

Jiménez P., J.M. Baldasano and D. Dabdub.: Comparison of Photochemical Mechanisms for Air Quality Modeling.
Atmospheric Environment, 37: 4179-4194 doi:10.1016/S1352-2310(03)00567-3, 2003.

Jiménez P., O. Jorba, J.M. Baldasano and S. Gass6.: The Use of a Modelling System as a Tool for Air Quality
Management: Annual High-Resolution Simulations and Evaluation. The Science of Total Environment 390, 323-340.
doi: 10.1016/j.scitotenv.2007.10.025, 2008a.

Jiménez-Guerrero, P., Pérez, C., Jorba, O., and Baldasano, J. M.: Contribution of Saharan dust in an integrated air
quality system and its on-line assessment, Geophys. Res. Lett., 35, 2008b.

Jorba, 0., Gassd, S., Baldasano, J.M.: Regional circulations within the Iberian Peninsula east coast. Preprints of 26th
Int. Tech. Meeting of NATOCCMS on "Air Pollution Modelling and its application", Istanbul, Turkey, 26-30 May, Eds.
C. Borrego & G. Schayes. Kluwer Academic/PlenumPublishers, New York, pp. 388-395, 2003.

Jorba O., Th. Loridan, P. Jiménez-Guerrero, C. Pérez and J. M. Baldasano.:Development of a linkage between the
Advanced Research Weather Research and Forecasting model and the CHIMERE Chemistry-Transport Model.
Environmental Modelling & Software 23: 1092-1094 doi: 10.1016/j.envsoft.2008.02.002, 2008a.

Jorba, O., Dabdub, D., Blaszczak-Boxe, C., Pérez, C., Janjic, Z., Baldasano, J. M., Spada, M., Badia, A. and
Gongalves, M.: Potential significance of photoexcited NO2 on global air quality with the NMMB/BSC chemical
transport model, J. Geophys. Res., doi:10.1029/2012JD017730, 2012.

Jorba, 0., Gassd, S., Baldasano, J.M.: Regional circulations within the Iberian Peninsula east coast. Preprints of 26th
Int. Tech. Meeting of NATOCCMS on "Air Pollution Modelling and its application”, Istanbul, Turkey, 26-30 May, Eds.
C. Borrego & G. Schayes. Kluwer Academic/PlenumPublishers, New York, pp. 388-395, 2003.

Jorba, O., Loridan, T., Jiménez-Guerrero, P., Pérez, C., Baldasano, J.M.: Linking the advanced research WRF
meteorological model with the CHIMERE chemistry-transport model . Environmental Modelling & Software, 23 (8),
1092-1094, doi:10.1016/j.envsoft.2008.02.002, ISSN: 1364-8152, 2008b.

Jorba, O., Dabdub, D., Blaszczak-Boxe, C., Pérez, C., Janjic, Z., Baldasano, J. M., Spada, M., Badia, A. and
Gongalves, M.: Potential significance of photoexcited NO2 on global air quality with the NMMB/BSC chemical
transport model, J. Geophys. Res., doi:10.1029/2012JD017730, 2012.

Kallos, G., Astitha, M., Katsafados, P., Spyrou, C.. Long-Range transport of Anthropogenically and Naturally
Produced particulate matter in the Mediterranean and north Atlantic: current State of Knowledge, Journal of Applied
Meteorology and Climatology, 46, 1230-1251, doi:10.1175/JAM2530.1, 2007.

Kassomenos, P.: Synoptic circulation control on wild fire occurrence. Physics and Chemistry of the Earth, Parts
A/BI/C 35: 544-552. doi: 10.1016/j.pce.2009.11.008, 2010.

Kogak, M., Mihalopoulos, N., Kubilay, N.: Contributions of natural sources to high PM10 and PM2:5 events in the
eastern Mediterranean, Atmospheric Environment, 41, 3806-3818, 2007.

Kwaasi, AAA, RS., Parhar, F.AA. Al-Mohanna, Aeroallergens and viable microbes in sandstorm dust - potential
triggers of allergic and non-allergic respiratory ailments, Allergy, 53:255-265, 1998.

19




@

Barcelona
Supercomputing
Centor

Laurent, B., Marticorena, B., Bergametti, G., Léon, J. F., and Mahowald, N. M.: Modeling mineral dust emissions from
the Sahara desert using new surface properties and soil database, J. Geophys. Res, 13, doi:10.1029/2007JD009484,
2008.

Laurent, B., Marticorena, B., Bergametti, G., Tegen, I., Schepan- ski, K., and Heinold, B.: Modelling mineral dust
emissions, IOP Conference Series: Earth and Environmental Science, 7,012 006, http://stacks.iop.org/1755-
1315/7/i=1/a=012006, 2009.

Levin, Z., E. Ganor, and V. Gladstein.: The effects of desert particles coated with sulfate on rain formation in the
eastern Mediterranean, Appl. Meteorol., 35, 1511-1523, 1996.

Li, W. J., and L.Y. Shao.: Observation of nitrate coatings on atmospheric mineral dust particles, Atmos.Chem. Phys.,
9, 1863-1871, 2009.

Li, X., H. Maring, D. Savoie, K. Voss, and J.M. Prospero.: Dominance of mineral dust in aerosol lightscattering in the
North Atlantic trade winds, Nature, 380, 1996.

Mahowald, N. M., Baker, A. R., Bergametti, G., Brooks, N., Duce, R. A, Jickells, T. D., Kubilay, N., Prospero, J. M.,
and Tegen, |.: The atmospheric global dust cycle and iron inputs to the ocean, Global Biogeochemical Cycles, 19,
doi: 10.1029/2004GB002402, 2005.

Mahowald, N.M., M. Yoshioka, W.D. Collins, A.J. Conley, D.W. Fillmore, and D.B. Coleman.: Climate response and
radiative forcing from mineral aerosols during the last glacial maximum, pre-industrial, current and doubled-carbon
dioxide climates, Geophys. Res. Lett., 33, L20705, 2006.

Mahowald, N. M., Kloster, S., Engelstaedter, S., Moore, J. K., Mukhopadhyay, S., McConnell, J. R., Albani, S.,
Doney, S. C., Bhattacharya, A., Curran, M. A. J., Flanner, M. G., Hoffman, F. M., Lawrence, D. M., Lindsay, K.,
Mayewski, P. A., Neff, J., Rothenberg, D., Thomas, E., Thornton, P. E., and Zender, C. S.: Observed 20th century
desert dust variability: impact on climate and biogeochemistry, Atmos. Chem. Phys., 10, 10875-10893,
doi:10.5194/acp-10-10875-2010, 2010.

Mahowald, N.M., M. Yoshioka, W.D. Collins, A.J. Conley, D.W. Fillmore, and D.B. Coleman.: Climate response and
radiative forcing from mineral aerosols during the last glacial maximum, pre-industrial, current and doubled-carbon
dioxide climates, Geophys. Res. Lett., 33, L20705, 2006.

Marticorena, B. and Bergametti, G.: Modeling the atmospheric dust cycle: 1. design of a soil-derived dust emission
scheme, J. Geophys. Res., 100, 16415-16430, doi:10.1029/95JD00690, 1995.

Marticorena, B., Bergametti, G., Aumont, B., Callot, Y., N'Doume, C., and Legrand, M.: Modeling the atmospheric
dust cycle 2. simulation of Saharan dust sources, J. Geophys. Res., 102, 4387-4404, doi:10.1029/96JD02964, 1997.

Menut L., C.Perez Garcia-Pando, K.Haustein, B.Bessagnet, C.Prigent and S.Alfaro.: Relative impact of roughness
and soil texture on mineral dust emission fluxes modeling, Journal of Geophysical Research Atmospheres, 118,
6505-6520, doi:10.1002/jgrd.50313, 2013.

Merchant, C. J., Embury, O., Le Borgne, P., & Bellec ,B.: Saharan dust in night-time thermal imagery: detection and
reduction of related biases in retrieved sea surface temperature, Remote Sensing of Environment, 104, 15-30, 2006.

Miller, R. L., and I. Tegen.: Climate response to soil dust aerosols, Climate, 11, 3247-3267, 1998.

20



@

Barcelona
Supercomputing
Centor

Miller, R.L., I. Tegen, and J. Perlwitz.: Surface radiative forcing by soil dust aerosols and the hydrologic cycle, J.
Geophys. Res., 109, D04203, 2004.

Mitsakou C., Kallos, G., Papantoniou, N., Spyrou, C., Solomo,s S., Astitha, M., Housiadas, C.: Saharan dust levels in
Greece and received inhalation doses, Atmospheric Chemistry and Physics, 8, 11967-11996, 2008.

Mlawer E.J., S. J. Taubman, P. D. Brown, M. J. lacono, and Clough S. A.: Radiative transfer for inhomogeneous
atmospheres: RRTM, a validated correlated-k model for the longwave. Journcal of Geophysical Research, 102,
D14:16663-16682, 1997.

Mona, L., N. Papagiannopoulos, S. Basart, J.M. Baldasano, I. Binietoglou, C. Cornacchia, and G. Pappalardo:
“Systematic comparison of dust BSC-DREAM8b modeled profiles with Potenza EARLINET lidar database”, Atmos.
Chem. Phys. Discuss., 13, 31363-31407, 2013.

Moulin, C.; Guillard, F.; Dulac, F.; Lambert, C. E.: Long-term daily monitoring of Saharan dust load over ocean using
Meteosat ISCCP-B2 data: 1. Methodology and preliminary results for 1983-1994 in the Mediterranean, J. Geophys.
Res., Volume 102, Issue D14, 16947-16958, 1997.

Maller, M., KaSpar, M.: Quantitative aspect in circulation type classifications — An example based on evaluation of
moisture flux anomalies. Physics and Chemistry of the Earth, Parts A/B/C 35: 484-490. doi:
10.1016/j.pce.2009.09.004, 2010.

Nickovic, S., Kallos, G., Papadopoulos, A., and Kakaliagou, O.: A model for prediction of desert dust cycle in the
atmosphere, J. Geophys. Res., 106, 18113-18130, doi: 10.1029/2000JD900794, 2001.

Ohde, T., and H. Siegel.: Impacts of Saharan dust and clouds on photosynthetically available radiation in the area off
Northwest Africa, Tellus B, 64, 17160, DOI: 10.3402/tellusb.v64i0.17160, 2012.

Parra R., S. Gass6, J.M. Baldasano.: Estimating the Biogenic Emissions of Non-Methane Volatile Organic
Compounds of the North Western Mediterranean Vegetation (Catalonia-Spain). The Science of the Total
Environment, 329: 241-259, 2004.

Pastor, M.A., Casado, M.J.. Evaluacion de clasificaciones de tipos de circulacién mediante los modos de variabilidad
euro-atlanticos. In: Meteorologia y Calidad del Aire. Proceedings of XXXII Jornadas Cientificas de la Asociacién
Meteorolégica Espafiola. Madrid (Spain). 28 — 30 May, 2012.

Pay, M. T., Piot, M., Jorba, O., Gassd, S., Gongalves, M., Basart, S., Dabdub, D., Jiménez-Guerrero, P., and
Baldasano, J. M.: A Full Year Evaluation of the CALIOPE-EU Air Quality Modeling System over Europe for 2004,
Atmos. Environ., 44, 3322-3342, doi:10.1016/.atmosenv.2010.05.040, 2010.

Pay, M.T., Jiménez-Guerrero, P., Jorba, O., Basart, S., Querol, X., Pandolfi, M. and Baldasano, J.M.: Spatio-
temporal variability of concetrations and speciation of particulate matter across Spain in the CALIOPE modeling
system, Atmos. Environ., 46, 376-396, doi:10.1016/j.atmosenv.2011.09.049, 2012.

Pérez, C., Sicard, M., Jorba, O., Comerdn, A., and Baldasano, J. M.. Summertime re-circulations of air pollutants
over the north-eastern Iberian coast observed from systematic EARLINET lidar measurements in Barcelona, Atmos.
Environ., 38, 3983-4000, 2004.

Pérez, C., Nickovic, S., Pejanovic, G., Baldasano, J. M., and Ozsoy, E.: Interactive dust-radiation modeling: A step to
improve weather forecasts, J. Geophys. Res., 11, doi:10.1029/2005JD006717, 2006a.

21



@

Barcelona
Supercomputing
Centor

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 regional dust modeling, J. Geophys.
Res., 111, doi:10.1029/2005JD006579, 2006b.

Pérez, C., Haustein, K., Janjic, Z., Jorba, O., Huneeus, N., Baldasano, J.M., Black, T., Basart, S., Nickovic, S., Miller,
R.L., Perlwitz, J., Schulz, M. and Thomson, M.: An online mineral dust aerosol model for meso to global scales:
Model description, annual simulations and evaluation, Atmos. Chem. Phys., 11, 13001-13027, doi: 10.5194/acp-11-
13001-2011, 2011.

Pérez, C., M. Stanton, P. Diggle, S. Trzaska, S. Hugonnet, R. Miller, J.P. Perlwitz, J.M. Baldasano, E. Cuevas, P.
Ceccato, P. Yaka and M. Thomson.: Soil dust aerosols as predictors of seasonal meningitis incidence in Niger,
Submitted to Environmental Health Perspectives, 2013.

Pérez Garcia-Pando, C., Stanton, M.C., Diggle, P.J., Trzaska, S., Miller, R.L., Perlwitz, J.P., Baldasano, J.M.,
Cuevas, E., Ceccato, P., Yaka, P., and Thomson, M.C.: Soil Dust Aerosols and Wind as Predictors of Seasonal
Meningitis Incidence in Niger, Environmental Health Perspectives, doi:10.1289/ehp.1306640, 2014.

Pérez, C., M. Stanton, P. Diggle, S. Trzaska, S. Hugonnet, R. Miller, J.P. Perlwitz, J.M. Baldasano, E. Cuevas, P.
Ceccato, P. Yaka and M. Thomson.: Soil dust aerosols as predictors of seasonal meningitis incidence in Niger,
Submitted to Environmental Health Perspectives, 2013.

Pérez, C., Haustein, K., Janjic, Z., Jorba, O., Huneeus, N., Baldasano, J.M., Black, T., Basart, S., Nickovic, S., Miller,
R.L., Perlwitz, J., Schulz, M. and Thomson, M.: An online mineral dust aerosol model for meso to global scales:
Model description, annual simulations and evaluation, Atmos. Chem. Phys., 11, 13001-13027, doi: 10.5194/acp-11-
13001-2011, 2011.

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 regional dust modeling, J. Geophys.
Res., 111, doi:10.1029/2005JD006579, 2006b.

Pérez, C., Nickovic, S., Pejanovic, G., Baldasano, J. M., and Ozsoy, E.: Interactive dust-radiation modeling: A step to
improve weather forecasts, J. Geophys. Res., 11, doi:10.1029/2005JD006717, 2006a.

Pérez, C., Sicard, M., Jorba, O., Comerdn, A., and Baldasano, J. M.. Summertime re-circulations of air pollutants
over the north-eastern Iberian coast observed from systematic EARLINET lidar measurements in Barcelona, Atmos.
Environ., 38, 3983-4000, 2004.

Pineda, N., Jorba, O., Jorge, J., and Baldasano, J.M.: Using NDVI SPOT-VGT Data to update Land-use Map:
Application to a Mesoscale Meteorological Model. International Journal in Remote Sensing, 25(1), 129-143, 2004.

Prigent, C., Tegen, I., Aires, F., Marticorena, B., and Zribi, M.: Estimation of the aerodynamic roughness length in
arid and semi-arid regions over the globe with the ERS scatterometer, J. Geophys. Res., 110,
doi:10.1029/2004JD005370, 2005.

Prigent, C., Jiménez, C., and Catherinot, J.: Comparison of satellite microwave backscattering (ASCAT) and
visible/near-infrared reflectances (PARASOL) for the estimation of aeolian aerodynamic roughness length in arid and
semi-arid regions, Atmos. Meas. Tech., 5, 2703-2712, 2012.

22



@

Barcelona
Supercomputing
Centor

Prigent, C., Tegen, I., Aires, F., Marticorena, B., and Zribi, M.: Estimation of the aerodynamic roughness length in
arid and semi-arid regions over the globe with the ERS scatterometer, J. Geophys. Res., 110,
doi:10.1029/2004JD005370, 2005.

Prospero, J., Schmitt, R., Cuevas, E., Savoie, D., Graustein, W., Turekian, K., Volz-Thomas, A., Diaz, A., Oltmans,
S., and Levy, H.: Temporal variability of ozone and aerosols in the free troposphere over the Eastern North Atlantic,
Geophys. Res. Letts., 22, 2925-2928, 1995.

Ramos, A.M., Ramos, R., Sousa, P., Trigo, R.M., Janeira, M., Prior, V.: Cloud to ground lightning activity over
Portugal and its association with circulation weather types. Atmospheric Research 101: 84-101. doi:
10.1016/j.atmosres.2011.01.014, 2011.

Rodriguez S., Querol X., Alastuey A., Kallos G., Kakaliagou O.: Saharan dust contributions to PM10 and TSP levels
in Southern and Eastern Spain, Atmospheric Environment, 35, 2433-47, 2001.

Sayyah, A., J. Stark, T. Abuhamed, W. Weisinger, M. Horenstein, and M. K. Mazumder.: Energy Yield Loss caused
by Dust Dep-osition in Solar Power Plants, Proceedings of the 2012 Electrostatics Joint Conference, June 12-14,
2012, Cambridge, ON, Canada2012.

Schroedter-Homscheidt, Oumbe A., Benedetti A. and J.-J. Morcrette: Aerosols for concentrating solar electricity
production forecasts: requirement quantification and ECMWF/MACC aerosol forecast assessment. Bulletin of the
American Meteorological Society, doi: http:/dx.doi.org/10.1175/BAMS-D-11-00259, 2012.

Schroedter-Homscheidt, Oumbe A., Benedetti A. and J.-J. Morcrette.: Aerosols for concentrating solar electricity
production forecasts: requirement quantification and ECMWF/MACC aerosol forecast assessment. Bulletin of the
American Meteorological Society, doi: http://dx.doi.org/10.1175/BAMS-D-11-00259, 2012.

Sepp, M., Saue, T.: Correlations between the modelled potato crop yield and the general atmospheric circulation.
International Journal of Biometeorology 56: 591-603. doi: 10.1007/s00484-011-0448-z, 2012.

Shao, Y., Physics and modelling of wind erosion, Springer Verlag, 2008.

Shirkhani-Ardehjani, S., |.R of Iran National Report on Regional Action Plan to combat dust and sand storm,
International Cooperative for Aerosol Prediction (ICAP) 4th Workshop: Aerosol Emission and Removal Processes,
May 14 — 17, 2012, ESA/ESRIN, Frascati, ltaly, 2012.

Sicard, M., Pérez, C., Rocadenbosch, F., Baldasano, J. M., & Garcia-Vizcaino, D.: Mixed-layer depth determination
in the Barcelona coastal area from regular lidar measurements: methods, results and limitations. Boundary-Layer
Meteorology, 119(1), 135-157, 2006.

Sicard, M., Rocadenbosch, F., Reba, M. N. M., Comeron, A., Tomas, S., Garcia-Vizcaino, D., Batet, O., Barrios, R.,
Kumar, D., and Baldasano, J. M.: Seasonal variability of aerosol optical properties observed by means of a Raman
lidar at an EARLINET site over Northeastern Spain, Atmos. Chem. Phys., 11, 175-190, doi:10.5194/acp-11-175-
2011, 2011.

Soriano, C., Baldasano, J.M., Buttler, W.T., and Moore, K.R.,: Circulatory patterns of air pollutants within the
Barcelona air basin in a summertime situation: Lidar and numerical approaches. Bound.-Layer Meteor., 98, 33-55,
2001.

Spada, M., Jorba, O., Pérez Garcia-Pando, C., Janjic, Z., and Baldasano J. M.: Corrigendum to "Modeling and
evaluation of the global sea-salt aerosol distribution: sensitivity to size-resolved and sea-surface temperature

23



@

Barcelona
Supercomputing
Centor

dependent emission schemes" published in Atmos. Chem. Phys., 13, 11735-11755, 2013, doi:10.5194/acp-13-
11985-2013, 2013.

Stefanski, R., and M.V.K. Sivakumar, Impacts of Sand and Dust Storms on Agriculture and Potential Agricultural
Applications of a SDSWS, IOP Conf. Ser.: Earth Environ. Sci., 7, 012016 doi:10.1088/1755-1307/7/1/012016, 2009.

Stenchikov, G., M. Zampieri, R. Abida, Assessing regional dust climate impact in Middle East, North Africa, and
Mediterranean, 6th International Workshop on Sand/Duststorms and associated Dust fall, 7-9 September
2011,Athens, Greece, 2011.

Sulaiman, S.A., H.H. Hussain, N. S. Nik Leh, and M.S. |. Razali.: Effects of Dust on the Performance of PV Panels,
World Academy of Science, Engineering and Technology, 58, 2011.

Tegen, I., A.A. Lacis, and I. Fung.: The influence on climate forcing of mineral aerosols from disturbed soils, Nature,
380 419-22, 1996.

Tegen, I., and Lacis, A. A.: Modeling of particle size distribution and its influence on the radiative properties of
mineral dust aerosol, 101, 19237-19244, 1996.

Tegen, ., Harrison, S. P., Kohfeld, K., Prentice, I. C., Coe, M., and Heimann, M.: Impact of vegetation and
preferential source areas on global dust aerosol: results from a model study, J. Geophys. Res., 107, 4576,
doi:10.1029/2001JD000963, 2002.

Thomson, M. C., Molesworth, A. M., Djingarey, M. H., Yameogo, K. R., Belanger, F., and Cuevas, L. E.: Potential of
environmental models to predict meningitis epidemics in Africa, Tropical Medicine and International Health, 11, 781-
788, 2006.

Tinté Prims, O., M. Castrillo, K. Serradell , O. Mula-Valls and F.J. Doblas-Reyes (2015). Optimization of an ocean
model using performance tools.BSC-CES Technical Memorandum No. 2, 16 pp.

Toll, 1., and Baldasano, J. M.;: Modeling of photochemical air pollution in the Barcelona area with highly
disaggregated anthropogenic and biogenic emissions. Atmos. Environ., 34A, 3069-3084, 2000.

Tveito, O.E.: An assessment of circulation type classifications for precipitation distribution in Norway. Physics and
Chemistry of the Earth, Parts A/B/C 35: 395-402. doi: 10.1016/j.pce.2010.03.044, 2010.

UNEP.: United Nations Environment Programme, GEO5 Global Environment Outlook, Environment for the Future we
want, Chapter 14: West Asia, ISBN: 978-92-807-3177-4, UNEP Job Number: DEW/1417/NA, 2012.

White, B. R. Soil transport by winds on Mars, J.: Geophys. Res., 84, 4643-4651, doi: 10.1029/JB084iB09p04643,
1979.

Wijayratne, U.C., S.J. Scoles-Sciulla, L.A. DeFalco, Dust deposition effects on growth and
physiology of the endangered Astragalus jaegerianus (Fabaceae). Madro<:o 56:81-88, 20009.

Zhang, L., Gong, S. Padro, J., and Barrie, L.. Asize-segregated particle dry deposition scheme for
an atmospheric aerosol module. Atmospheric Environment, 35, 549 -560, doi: 10.1016/S1352-2310(00)00326-5,
2001.

Zhao C., X. Liu, L.R. Leung, and S. Hagos.: Radiative impact of mineral dust on monsoon precipitation variability
over West Africa, Atmos. Chem. Phys., 11, 1879-1893, 2011.

24



https://earth.bsc.es/wiki/lib/exe/fetch.php?media=library:external:bsc-ces-2015-002.pdf

	Executive summary
	1. Justification of the project
	2. Objectives and expected results
	3. Development of the proposal
	4. Budget justification and payment
	5. Conditions
	6. Information about the Barcelona Supercomputing Center
	6.1. Description of work expertise
	6.2. The mineral dust NMMB/BSC-Dust model
	6.3. Project team and expertise of the staff involved.

	7. References

