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Abstract (max. half a page) 
 
Soil dust aerosols are mixtures of different minerals, whose relative abundances, particle size 
distribution (PSD), shape, surface topography and mixing state influence their effect upon 
climate. However, Earth System and Chemical Transport Models typically assume that dust 
aerosols have a globally uniform composition, neglecting the known regional variations in 
the mineralogy of the sources. The representation of the global dust mineralogy is hindered 
by our limited knowledge of the global soil mineral content and our incomplete understand-
ing of the emitted dust PSD in terms of its constituent minerals that results from the fragmen-
tation of soil aggregates during wind erosion. The emitted PSD affects the duration of particle 
transport and thus each mineral’s global distribution, along with its specific effect upon cli-
mate. Coincident observations of the emitted dust and soil PSD are scarce and do not charac-
terize the mineralogy. In addition, the existing theoretical paradigms disagree fundamentally 
on multiple aspects. A recently granted ERC Consolidator Grant called FRAGMENT (FRon-
tiers in dust minerAloGical coMposition and its Effects upoN climaTe) was designed to fill 
this gap. FRAGMENT will use field campaigns, new theory, remote spectroscopy and mod-
eling to understand and constrain the global mineralogical composition of dust along with its 
effects upon climate. In this context, eFRAGMENT1 is designed to tackle the modelling and 
HPC related activities of FRAGMENT during the 1st year of the project. The experiments 
proposed consist of 1) a dust data assimilation run involving 10-year long simulations of 20-
member ensembles and 2) a global dust mineralogical composition run involving 10-year 
long simulations of 60-member ensembles, both in the period 2007-2016. Such experiments 
would not be possible without appropriate access to tier-0 computing resources and the asso-
ciated support offered by PRACE. A total of 34 Mcore-hours are requested in this proposal. 
The project will be carried out by members of the Earth Sciences Department of the Barcelo-
na Supercomputing Center with the MONARCH model developed in the Department. 
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IMPORTANT NOTICE 
Upload a single document, using this template, in PDF format. All of the sections below MUST BE 
COMPLETED and cannot exceed 8 MB. Proposals that do not follow the template or that are 
incomplete will be administratively rejected and will not be further evaluated. The minimum font 
size allowed is 12 point; the minimum margin is 2 cm. The maximum number of pages allowed is 
20 pages, including cover page and references. Reviewers will be instructed not to consider any 
pages out of the limit. The full CV, including list of publications of the PI must be attached at the 
end of the document. The pages of this attachment will not be counted in the 20-page limit. 

 

1. Research project 

1.1 The importance of dust mineralogy 

Soil dust aerosols created by wind erosion of arid and semi-arid surfaces are amongst the 
largest contributors to the global aerosol mass load and dominate climate effects over large 
areas of the Earth1,2; these effects depend fundamentally upon physical and chemical proper-
ties of dust. Indeed, dust aerosols are mixtures of a variety of minerals, whose relative abun-
dances, particle size distribution (PSD), shape, surface topography and mixing state influence 
their effect upon climate3. 
 
The Intergovernmental Panel on Climate Change (IPCC) has identified dust mineralogy as a 
key uncertainty in the overall contributions of aerosols to radiative forcing4: 
 
• Dust perturbs the energy and water cycles by direct radiative forcing5. The absorption 

of solar radiation by dust is strongly related to the presence of iron oxides6. Thermal 
radiation is also sensitive to mineralogy7, specifically to abundance of phyllosilicates 
(clays), quartz and carbonates8.  
 

• Dust influences cloud formation and the associated indirect radiative forcing by 
providing nuclei for liquid and ice clouds9. The ice nucleation properties of dust depend 
upon its surface defects. Recent studies have revealed that K-feldspar is the key mineral 
for ice nucleation10. The droplet nucleation properties of dust depend upon 
hygroscopicity, which increases during transport and depends on mineralogy11.  

 
• Dust undergoes heterogeneous chemical reactions during transport that increase its 

hygroscopicity, while altering its optical properties, and the associated radiative 
forcing12. The rates of heterogeneous chemical reactions on the dust surface that form 
coatings of sulfate, nitrate, chloride, or organics depend strongly on the dust 
mineralogical composition13. Dust composition also affects the partitioning of semi-
volatile inorganic compounds14, altering their burden and radiative forcing15.  

 
• Dust minerals containing bioavailable iron deposited into ocean waters catalyze 

photosynthesis by ocean phytoplankton, increasing carbon dioxide uptake and influencing 
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the global carbon cycle16. The iron content and potential solubility of dust, along with the 
chemical processes that increase iron bioavailability during atmospheric transport, depend 
strongly upon mineralogical composition17. 

 
In spite of the potential importance of mineralogy, Earth System and Chemical Transport 
Models typically assume that dust aerosols have a globally uniform composition, neglecting 
the known local and regional variations in the mineralogical composition of the sources18. 
Modeling efforts have focused on constraining dust sources19, emission20 and PSD20. While 
this minimal representation has allowed significant advances in dust and climate research 
over the past decade, the omission of dust mineralogy impedes further understanding of the 
dust role in the Earth system.  
 
1.2 Context and significance of eFRAGMENT1 

The PI of eFRAGMENT1 has been awarded with an ERC Consolidator Grant to advance the 
representation of dust mineralogy in models. The project, so-called FRAGMENT (FRontiers 
in dust minerAloGical coMposition and its Effects upoN climaTe), aims to fundamentally 
advance the treatment of dust mineralogy by fulfilling three objectives: 
 
Objective 1: Contribute new fundamental understanding on the PSD and mineralogy of the 
emitted dust from arid regions based on theory, measurement campaigns and laboratory anal-
yses. 
 
Objective 2: Evaluate and use available airborne and spaceborne hyperspectral imaging for 
the first time to improve global atlases of soil mineralogy for dust modelling. 
  
Objective 3: Generate integrated and quantitative knowledge regarding the influence of dust 
mineral composition upon atmospheric radiation, chemistry and clouds based on modelling 
experiments constrained with the theoretical innovations, field measurements and new soil 
mineralogical atlases. 
 
FRAGMENT officially starts in October 1st 2018 and will have a duration of five years. eF-
RAGMENT1 is designed to tackle the modelling and HPC related activities (Objective 3) of 
FRAGMENT during the 1st year of the project. 

 

1.3 Goals, tasks and milestones of eFRAGMENT1 

The ultimate goal of FRAGMENT is to constrain and understand the effect of dust mineralo-
gy upon radiation, chemistry and warm and mixed-phase clouds. The first step towards that 
goal consists on constraining the global dust mineralogical composition. The project will be 
carried out by the Earth Sciences Department of the Barcelona Supercomputing Center (BSC-
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ES henceforth) using the Multiscale Online Non-hydrostatic AtmospheRe CHemistry mod-
el21-31(MONARCH; previously known as NMMB/BSC-CTM), which is described in detail in 
the following sections. BSC-ES members are involved in other projects such as HiResMIP, 
PRIMAVERA and DustClim, for which they have already obtained computing resources 
from PRACE in previous calls. 

In eFRAGMENT1 we will focus on two initial key experiments necessary to achieve the final 
goals of FRAGMENT:  

1) Constrain the total dust emission fluxes through data assimilation techniques: We 
want to minimize the errors in the spatial and temporal variability of the simulated dust fluxes 
in our global modelling system through data assimilation. Indeed, data assimilation methods 
can be used not only to correct dust loading32-33, but also to constrain (correct) dust 
emission34-37. Our final goal is to use a fixed-lag Kalman smoother based on our Local 
Ensemble Transform Kalman Filter (LETKF) data assimilation system31, which is in essence 
a Kalman filter that iteratively estimates emissions, allowing for retrospective corrections of 
emissions from observations later in time. As a preliminary step, in eFRAGMENT1, we will 
run and evaluate simulations using our LETKF data assimilation system without the 
smoother. This will allow us designing appropriate ensemble members that will be generated 
by perturbing the three dust emission schemes available in the model. Our assimilation will 
specifically use available dust optical depth observations from MODIS Deep Blue at 10 km 
resolution.  

2) Constrain the global mineralogical composition: We want run and evaluate multiple 
simulations that include sub-regional perturbations of the relative fractions and emitted PSD 
of each mineral within an estimated range of uncertainty. We note that for eFRAGMENT1 
we will use the most up-to-date soil mineralogical atlas and emitted PSD methods to estimate 
the PSD of the emitted minerals and derive the perturbations. In further stages of 
FRAGMENT this methodology will be enhanced by using a more advanced soil 
mineralogical atlas and emitted PSD methods derived from the experimental campaigns that 
will happen during the first two years of FRAGMENT. To reduce the number of runs, 
perturbations will be generated based latin hypercube sampling (LHS)38 within the most 
prominent dust sources only. LHS samples across a multi-dimensional parameter uncertainty 
space while retaining good coverage within any single parameter uncertainty range. We will 
evaluate the modelled mineral fractions with an augmented version of our recent global 
compilation of mineral fraction measurements by size39. The evaluation of these simulations 
with available mineral fraction observations will provide further constraints in the mineral 
abundances and emitted PSDs of each mineral.  

2. Methodology 

We will use MONARCH, a model designed and developed by the PI and his research group 
at BSC, in close collaboration with partners at other institutions such as NOAA, NASA and 
University of California, Irvine. The model provides regional daily dust forecasts for North-
ern Africa, Middle East and Europe through the WMO Regional Centers for dust prediction 
hosted by BSC40,41, and contributes with global forecasts to the International Cooperative for 
Aerosol Prediction (ICAP) Multi Model Ensemble. MONARCH contains advanced chemis-
try and aerosol packages, and is coupled online with the Non-hydrostatic Multiscale Model 
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(NMMB)42,43, which allows for running either global or high-resolution (convection-
allowing) regional simulations. In recent projects, the dust-cycle component of MON-
ARCH44,45was upgraded with (1) a global-scale 10 km resolution mapping of dust sources 
based on MODIS Deep Blue46 (2) multiple choices for the dust emission scheme47,48, (3) a 
drag partition correction for the wind speed threshold for dust emission, (4) the ability to run 
the model with separate mineral tracers using a soil mineralogy atlas39,49,50, and (5) a dust 
(and aerosol) data assimilation system based on the Local Ensemble Transform Kalman Filter 
(LETKF)31. 

 

MONARCH subdivides the domain of operation into horizontal tiles and assigns them to 
computational units. Thus, the parallelization is addressed on a subdomain basis approach. 
Since the global latitude-longitude grid deforms toward the pole region, the nodes closer to 
the poles perform an additional filtering step using fast Fourier transform (FFT) to be applied 
to keep the integration stable using a time step of decent size. MONARCH is a coupled mod-
el constructed over the Earth System Modelling Framework (ESMF) coupling library; this 
implies that in between the execution of each module (dynamics, physics, chemistry, aerosol) 
the model performs a coupling step to exchange information. The numerical methods em-
ployed within the model are: the Adams-Bashforth Scheme for horizontal advection, the 
Crank-Nicholson scheme to compute vertical advection tendencies, the forward-backward 
scheme for horizontally propagating fast waves, and an implicit scheme for vertically propa-
gating sound waves. Additionally, the chemistry module applies a Euler-Backward Iterative 
scheme to solve the ordinary differential equations of the stiff system of gas-phase chemistry. 
The I/O strategy of the system is designed for the setup of dedicated writing nodes. This re-
sults in a partition between computational and I/O nodes. 
 
A single executable needs to be built for MONARCH as well as an executable for the Local 
Ensemble Transform Kalman Filter (LETKF). The MONARCH model fully supports a paral-
lel environment. For the eFRAGMENT1 project, we will run the most recent global version 
with a horizontal resolution of 0.5º by 0.7º, and a vertical resolution of 48 hybrid sigma-
pressure levels (~8,889,264 grid points).  
 
For configuring and building the model executables, FORTRAN 77/90/95 complaint compil-
er with pre-processing capabilities and NetCDF-3 are needed. The simulations will require 
MPI libraries and runtime facilities (ESMF, wgrib, makedep90, bacio, sigio, sp), data han-
dling tools, such as HDF4, HDF5, NETCDF3, NETCDF4, GRIB_API, R, CDO, NCO and 
general configurations tools, such as PERL, PYTHON, AUTOCONF and AUTOMAKE. 
 
The hardware that best fits the needs of the model is made of nodes with a general purpose 
core. Due to lack of source code adaptations, any usage with an accelerator or any other com-
puting device, would not take full advantage of these resources. This is the main reason why 
the request is formulated for the Marenostrum4 platform. Regarding the performance of the 
model, are regularly benchmarked and analysed using a methodology based on extracting 
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traces using Extrae from real executions. These traces are displayed using the Paraver soft-
ware and processed to discover possible bottlenecks. 
 
The experiments will include multiple members that either should or could be run at the same 
time. In this sense MONARCH has recently been coupled with the Autosubmit software51 
which is the BSC-ES workflow manager that ensures a uniform and optimal use of the re-
sources. The jobs will be managed, and packed in groups in a single big job by Autosubmit to 
better manage the I/O system while maximising the use of the machine. The data storage and 
data transfer can be organised to require a space of 150 TB in the working file system (more 
details are provided in section 6). This required scratch space is motivated by the large 
amount of output to be generated. The output will be transferred to the BSC-ES local storage 
as soon as each chunk of simulation is completed, which implies that data transfer will be 
part of the experiment workflow and be continuously active.  
 
 
The BSC-ES department has developed a suite of tools to evaluate and validate the model 
outputs against observational data from different observational sources. These tools include R 
packages developed at BSC-ES and have several levels of parallelization. 
 
 
3. Resource management  

We will focus on the production of 10-year long simulations of 20-member ensembles for the 
Dust Data Assimilation experiment and of 10-year long simulations of 60-member ensembles 
for the global mineralogy experiment. The period of simulation will be 2007-2016. 
 
 
Table 1 summarises the experiments planned and the resources requested in this proposal. 
 
Table 1. Resources requested. 

Simulations Simulation 
(members-years) 

Computing time 
(Mcore-hours) 

Output (TB) 

Data assimilation experiment 20x10=200 8.2 58 

Global mineralogy experiment 60x10=600 24.8 130 

Total 800 33 150 
 
 
In the data assimilation experiment, different assimilation parameters need to be adjusted to 
the model’s resolution. Some short experiments will be run to choose a close-to-optimal con-
figuration for representativeness error (to be added to the instrument error component), ob-
servation density, covariance localisation and background error statistics. The method for 
generating the ensemble is also crucial since the ensemble represents the uncertainty in the 
model background. Calibration of model and observation error parameters will be guided by 
internal assimilation diagnostics: statistics on first-guess and analysis departures, comparison 
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between the analysis root mean square error and ensemble spread, ensemble rank histograms. 
Once the system configuration is selected, the 10-year long simulations will be run and vali-
dated. We will use a 24-hour assimilation window, where observations are a subset (limited 
to satellite overpasses) to 6-hour slices centred on the nominal valid time of the analysis (at 0, 
6, 12, and 18 UTC). We will use the LETKF implementation with a four-dimensional exten-
sion as described in Di Tomaso et al.31  
 
 
The experiments will follow the schedule indicated in Table 2, a Gantt diagram with the 
schedule of the proposal.  
 
 
Table 2. Approximate schedule of the activities. The top row indicates the time since the start 
of the project. Milestones are indicated in the corresponding month with an “M”. 

Simulations M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 

Data assimilation experiment    M1         

Mineralogy experiment          M3   

Analysis and data dissemina-
tion 

     M2      M4 

 
 
Using 1032 cores per ensemble member, the basis taken to prepare Table 1, one year of the 
data assimilation experiments (with 20 members – 20640 cores at the same time) would run 
in about 40h. Therefore, subject to a conservative estimate of the performance of the queues, 
the data assimilation experiment run should be completed in less than 2 months. The 
mineralogy experiment will be performed also with 20640 cores and should be completed in 
about 6 months (20 members every two months up to 60 members). 
 
In the previous paragraph and sections the possibility of running several ensemble members 
simultaneously has been mentioned. Autosubmit offers the possibility of wrapping a number 
of tasks (including simulations, diagnostics, and data transfers with all their dependencies) in 
a single job that can increase arbitrarily the size of the submitted job and accommodate the 
experiment progress to the recommendations of the platform operators depending on the 
machine load. The wrapping can be activated or deactivated at any point of any of the 
experiments. 
 
The MONARCH workflow includes a transfer job that moves the data from the computing 
platform to the BSC storage as soon as a chunk of simulation is complete. In spite of the wide 
range of transfer rates recorded between the HPC platforms used by the BSC-ES scientists to 
this date and the fact that the computing time could be allocated on a machine different to 
Marenostrum4, it is expected that the transfer jobs will move the data to the BSC local 
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storage at a sufficient speed for not more than 10% of the total output data to reside at the 
same time in the computing platform. 
 
Should the eFRAGMENT1 computing time be offered on a platform different to 
Marenostrum4, the schedule could be delayed by one month, the time necessary to port both 
the model and the running environment, perform the corresponding scalability exercise and 
successfully run the test suite.  
 
To monitor the resource management and set targets for the dissemination of the results, a 
number of milestones have been considered and added to Table 2: 
• M1: Delivery of the data assimilation run 
• M2: Documentation of the scientific characteristics of the assimilation run and the evalua-

tion with observations as a BSC-ES technical memorandum prior to submission to a peer-
review journal 

• M3: Delivery of the mineralogy run 
• M4: Documentation of the evaluation against observations as a BSC-ES technical memo-

randum prior to submission to a peer-review journal and final report 
 

  
4. Justification of Tier-0 needs 

For eFRAGMENT1, we will be running the most recent version of MONARCH, which has 
already been deployed on Marenostrum4 (one of the PRACE tier-0 systems) and run on simi-
lar platforms in the US and Europe. 
 
The proposed configuration uses 1024 cores of computation, with 8 cores for the I/O server. 
This number might change slightly once the model is installed for the experiment production 
because the model performance changes with the level of I/O selected.  
 
Table 3. Scalability of the MONARCH model for the global domain, 0.5 by 0.7 deg resolu-
tion, as one member or 25 members ensemble run.   

 

#cores (# nodes) 
for one member 

#cores 
for 20 ensemble members 

absolute timing 
(s per simulated day) 

speedup 

256+8 (6) 5280 1091 1 

512+8 (11) 10400 612 1.78 

1024+8 (22) 20640 402 2.71 

2048+8 (43) 41080 324 3.36 
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Figure 1. Speedup of the MONARCH for the global domain, 0.5 by 0.7 deg resolution. These 

estimates have been obtained by running MONARCH on MareNostrum 4 (Blue line: 
MONARCH, Red line: ideal speedup). 

 
 
From the scalability test performed on MONARCH at the proposed resolution, it is possible 
to increase the model throughput by increasing the number of cores up to more than 2k, even 
if doing so also raises the cost of the simulations. As it is shown in Figure 1, it is possible to 
use 1024+8 processes with reasonable efficiency, the limitation being the polar filtering 
based on conventional fast Fourier transform, which requires transpositions involving extra 
communications and thus limits further scaling at this resolution. However, as explained 
above our ensemble members can be wrapped, which means that up to 20 simulations (in the 
data assimilation experiment) and up to 60 simulations (in the mineralogy perturbation exper-
iments) could be executed in parallel through our Autosubmit wrapper.  
 
Investigation to achieve the best parallel model performance is still ongoing in collaboration with 
the BSC Computer Sciences department to reach an optimum scalability. These actions include 
not only an adjustment of the model configuration, but also modifications to the code itself and 
work on the parallel programming models.  
 
5. Justification of the amount of resources requested  

Table 4 lists the experiments described in Section 2, which will run, by chunks of 1 year. A 
simulation of one year for one member is expected to require a wallclock time of ~40 hours 
using 1032 cores, following the benchmark performed on Marenostrum4 described in the 
previous section. 
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Run type # Runs # Steps/Run Walltime/Step # CPU cores Total core hours/Type Run 
Data assimila-
tion experiment 200 365 0,11 1032 (1024+8) 8.286.960 

Mineralogy 
experiment 600 365 0,11 1032 (1024+8) 24.860.880 

TOTAL     33.147.840 
Table 4: Cost of the experiments proposed. 
 
 
Table 4 does not include the cost of the output post-processing and the data management on 
the HPC platform because its cost is marginal compared to performing the simulations (the 
workflow contains three jobs performing these tasks at the end of each model chunk; these 
jobs do not run for longer than the time taken by the model to run the next chunk takes). Each 
one of these jobs uses a handful of cores. 
 
 
The final estimate is for a total request of 34 million core-hours, which includes the numbers 
described in Table 4 plus a buffer of ~2% to account for repeated jobs due to potential hard-
ware (a problem experienced in Marenostrum4 in the last few months) and software (numeri-
cal instabilities) failures. 
 

6. Data management plan 

The type of simulations conducted during the eFRAGMENT1 project requires hosting a set 
of gridded satellite aerosol observations in order to conduct data assimilation (i.e. 23 GB per 
year of simulation) as well as the global meteorological input data files used as initial mete-
orological conditions and boundary conditions at intervals of 6 h (i.e. 250 GB per year of 
simulation considering ERA-5 reanalysis). Around 50 GB of space will be required to host 
the code. Hence the total disk space required hosting the input data and the code amounts to 
2.6TB. Such dataset will be placed in a backup partition of the HPC file system (i.e., home or 
projects). 
 
Two types of simulation will be conducted in eFRAGMENT1: (1) Data assimilation runs 
with full aerosol configuration and 20 members, and (2) Mineralogy experiments with dust 
mineral tracers and 60 members. The simulations will be executed in chunks of one year to 
properly manage the data produced. After one year is produced the post-process will be run in 
the HPC and the final data uploaded to the BSC storage system. One year of simulation will 
require a temporal disk space of (1) 58 TB and (2) 130 TB. Considering that the two types of 
simulations will not run at the same time, the experiment requires around 130 TB of temporal 
working space in scratch or projects. After the post-process this amount of data will be re-
duced by a factor of 20 and Autosubmit will proceed with the upload to the BSC archive sys-
tem and the cleaning of temporal files in the HPC. From our previous experience with Ma-
renostrum4, a transfer rate between Marenostrum4 and the BSC local archive of up to 5 TB 
per day can be achieved, which should fit the plan mentioned. To account for maintenance 
activities in the BSC local storage or an increase in the line traffic that might temporarily 
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lower the transfer rate, the space requested for handling the output data is increased to 150 
TB, which offers a buffer for post-processing of 20 TB. 
 
The data stored in the BSC local archive will be managed and curated by the Data and Diag-
nostics Team of BSC-ES. They have developed a framework to store all the simulations and 
the observational data required by the BSC-ES researchers that offers access to all the data 
with a strict documentation, organisation and, of course, formatting. The data produced in 
eFRAGMENT1 will be made accessible via the BSC-ES THREDDS server. The terms of 
access will be fully public and accept commercial use of the data to better link to the future 
activities in decadal prediction of the Copernicus programme, which is arguably one of the 
most efficient ways to link to a wide range of climate data users. 
 
Both the data disseminated and the publications originated from them will appropriately 
acknowledge PRACE and will follow the criteria set by the EC for open data access. 
 
7. Past Experience  

BSC-ES has contributed extensively to a large number of past and on-going EU projects 
(CLIM-RUN, QWeCi, DENFREE, PREFACE, EUCLEIA, IS-ENES2, SPECS, which is co-
ordinated by BSC, and EUPORIAS). BSC-ES has been involved in the IS-ENES/PRACE-
1IP working group focusing on the EC-Earth3 adaptation to Tier-0 machines. It has tested a 
range of model configurations, in the atmospheric resolutions T255/511/799 on several HPC 
systems: SGI Altix 3500, NEC-SX6, Linux cluster with Intel Xeon, Dell PowerEdge 2900, 
IBM pSeries 575 Power6 and IBM Power PC. ES-BSC leads the development of Autosub-
mit, a python-based wrapper software that can manage any type of climate simulation work-
flow. It can also bundle numerous jobs into a single big job for performing job-control on 
parallel sets of simulations throughout the execution. Finally, members of BSC-ES coordi-
nated the recent HiResClim and HiResClim2 projects supported by PRACE and two RES 
projects (AECT-2015-1-0007 and AECT-2016-2-0018), which demonstrates its ability to 
lead this kind of projects.  

 

BSC-ES has also expertise in analysing parallel programming model codes using cutting-
edge tools. This allows continuously carrying out performance analyses to reach the optimum 
configurations for MONARCH.  
 
MONARCH has been ported to different Tier-0 platforms within the framework of PRACE 
project. Initial work on the CURIE system (PRACE Access projects 2010PA0419 and 
2010PA0627) with an early version of the model pointed out some issues on scalability that 
were improved. The model was run in Marenostrum III with good scalability performance. 
The last PRACE project, where MONARCH model was used, has been PRACE - eDUST - 
2018 (PI: S. Basart). The model was ported successfully to Marenostrum4. At the end of the 
project the model performed well running with thousands of cores working with an ensemble 
methodology similar to the one proposed in the present proposal. Several performance analy-
sis have been conducted in all those systems during the last years. Figure 2 illustrates an ex-
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ample of such performance analyses. These are two different views as shown by the Paraver 
tool of the execution of one routine (exch4) of MONARCH with one and two threads respec-
tively. Paraver uses different types of plots to represent the values stored in a trace file. A 
trace file is a file holding information of an execution to perform a subsequent analysis. 
When we use more and more cores for the execution of an application, the communication 
can be more complicated. Moreover, many scientists agree that when we double the number 
of the cores, a new bottleneck is observed. That’s why we tried to decrease the communica-
tion cost for a stencil communication routine called exch4. In the example, the speedup is 
1.76 which means that when we doubled the number of the cores the communications routine 
was improved by 1.76 times. 
 
 

 

 
Figure 2.  Executing exch4 routine of MONARCH with one thread (top) and two threads 

(bottom). 
 

 

8. Previous results and communication plan  

The PI has proposed novel approaches to represent the emission and global distribution of 
mineral aggregates39,49,50. His novel methods have remedied many important deficiencies of 
previous implementations in comparison to observations. On the basis of these results the PI 
obtained the ERC Consolidator grant, so called FRAGMENT. His results also granted him an 
invitation to be part of the Science Team of the “Earth surface Mineral dust source InvesTi-
gation” EMIT which has been selected by the NASA Earth Venture Instrument-4 program to 
sample the surface mineral composition of Earth dust sources by sending a hyperspectral im-
aging spectrometer to the International Space Station (ISS). In this sense, eFRAGMENT1 
will largely contribute to the long-term goals of the applicant by supporting FRAGMENT 
and EMIT.  
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At least two publications in international peer-reviewed journals will be prepared summariz-
ing the results. The first article will summarise the results of the dust data assimilation exper-
iment and the second article should provide new insights about the global mineralogical 
composition. The results of eFRAGMENT1 will be widely presented in scientific confer-
ences and will be submitted for presentation in the PRACEdays event of the years in which 
the project is active. eFRAGMENT1 will additionally benefit from the communications 
channels of FRAGMENT, EMIT, and the WMO Sand and Dust Storm Warning Advisory 
and Assessment System (SDS-WAS) Regional Center hosted by BSC.  
 
 
9. Additional needs (optional) 

The use of R, NCO, CDO, TOTALVIEW and NCVIEW is required to allow debugging in 
case a problem arises on the HPC. 
 

10. Track record of the research team  

BSC-ES members are involved in a range of projects that have been supported by PRACE 
computing resources in previous calls. Also, members of the proposing team are regularly 
involved in a number of PRACE activities. For instance, Mr Serradell gave the presentation 
“Software stack deployment for Earth System Modelling using Spack” at the most recent 
PRACEDays event in Barcelona. Besides, the BSC-ES is responsible for the annual organisa-
tion of the PRACE Advanced Training Course “Earth Sciences Simulation Environments”, 
which is held at the BSC. Several members of the proposing team have given lectures there 
(Dr. Di Tomaso and Dr. Jorba). 
 
Prior allocations by PRACE and the Spanish National Supercomputing Network (RES) to 
BSC-ES: 
 

• PRACE - HiResNTCP - 2018 (PI: F.J. Doblas-Reyes) 
• PRACE - eDUST - 2018 (PI: S. Basart) 
• PRACE LSIHP - 2018 (PI: V. Guemas) 
• PRACE Hi-Res SIR - 2018 (PI: V. Guemas) 
• RES NeTNPPAO - 2018 (PI: R. Bernardello) 
• RES Carbon Uptake - 2018 (PI: V. Sicardi) 
• RES VOLCADEC, 2nd part - 2018 (PI: M. Ménégoz) 
• RES EXCEL - 2017 (PI: O. Bellprat) 
• RES VOLCADEC - 2017 (PI: M. Ménégoz) 
• RES PAISA - 2017 (PI: M.T. Pay) 
• RES MONARCH-DA - 2017 (PI: S. Basart) 

 
As explained above, this proposal is relevant to the ERC Consolidator Grant FRAGMENT 
awarded to the PI. 
 
The members of the team, in addition to the PI, are listed below: 
 



PRACE application form         17th PRACE Project Access Call 
Project scope and plan 

 
 
PRACE AISBL 
Rue du Trône 98,  
B-1050 Bruxelles 

 
Page 14/27 

 

 
https://prace-peer-review.cines.fr/ 

 
 

 

 
Dr. Oriol Jorba is the Co-group leader of the Atmospheric Composition group of the BSC-ES 
and one of the main developers of the MONARCH model. He has wide experience in 
PRACE projects (2010PA0419, 2010PA0627, EHRRDRBE, GG1CCS, and HRERS) and has 
participated in projects funded by the European Commission on air quality, specifically in 
aerosols, (APPRAISAL, EARLINET, FIELD-AC, ACTRIS1, ACTRIS2) and in the applica-
tion of atmospheric modeling in HPC (IS-ENES, IS-ENES2, RETHINK big). He has been 
the supervisor of two Marie Skłodowska-Curie Individual Fellowship in the call H2020-
MSCA-IF-2015 and H2020-MSCA-IF-2016. 
 
Enza Di Tomaso has a degree in Physics from the University of Bologna in Italy, and a PhD 
in Engineering Mathematics from the University of Bristol in UK. She has worked at the Eu-
ropean Centre for Medium-Range Weather Forecasts on exploiting satellite observations for 
numerical weather prediction under a fellowship programme of the European Organisation 
for the Exploitation of Meteorological Satellites. At BSC she has expanded her interest to 
atmospheric chemistry, and in particular to aerosol data assimilation, implementing a scheme 
to ingest satellite observations into the BSC chemical weather system, for which she runs 
highly computational demanding ensemble simulations. While at BSC, she has participated to 
the Spanish research project CGL-2013-46736-R and Severo Ochoa Program, the European 
H2020 research projects ACTRIS-2 and ACTRIS-PPP, the European Space Agency project 
Aerosol_cci2. She is staff member of the Regional Center for Northern Africa, Middle East 
and Europe of the World Meteorological Organization Sand and Dust Storm Warning Advi-
sory and Assessment System (SDS-WAS), and has been a convener for one of the PRACE 
Advanced Training Centre (PATC) course on “Earth Sciences Simulation Environments”. 
 
Dr. Maria Gonçalves is Chemical Engineer by the University of Santiago de Compostela 
(2004) and holds a PhD in Environmental Engineering by the Technical University of Cata-
lonia -UPC- (2009). She currently works as a tenure-track 2 lecturer at the Engineering Pro-
jects and Construction Department (DEPC) of the UPC, and as associate researcher at the 
Earth Sciences Department of the BSC-CNS. She teaches different subjects at graduate and 
undergraduate level on the knowledge areas of Environmental Sciences and Technology and 
Project Management of the engineering studies developed in the Terrassa School of Industri-
al, Aerospace and Audiovisual Engineering (ESEIAAT), supervises final degree and final 
master thesis, and actively collaborates in the PhD program of Environmental Engineering of 
the UPC. Her research interests lie on the atmospheric modelling field. By means of numeri-
cal models and thanks to High Performance Computing environments, she explores atmos-
pheric processes and interactions in the short-term and climate scales, with a focus on atmos-
pheric chemistry and aerosols. As such, she has collaborated in a range of national and inter-
national projects and initiatives focusing on atmospheric models development and evaluation 
(e.g. CALIOPE, NMMB-MONARCH) or regional climate modelling (e.g. ESCAT, Med-
CORDEX) and more recently Earth System Modelling (e.g. EC-Earth, AerChemMIP). 
 
Dr. Sara Basart received a degree in Physics from the University of Barcelona (UB). She 
studied a Masters in Meteorology and Climatology at the University of Barcelona (UB). Dr 
Basart obtained her PhD degree in Engineering Environmental (Degree of European Doctor) 
at Technical University of Catalonia (UPC) in January 2012 while doing her research at dif-
ferent research centres (Centro de Investigación Atmosférica de Izaña, Spain, and Laboratoire 
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des Sciences du Climat et de l'Environnement, France). Her main research background covers 
mineral dust modelling, air quality and aerosols. At present, Dr Basart is a researcher in the 
Barcelona Supercomputing Center (BSC). She is the scientist in charge of the WMO Sand 
and Dust Storm Warning Advisory and Assessment System (SDS-WAS) Regional Center for 
Northern Africa, Middle East and Europe, and the Barcelona Dust Forecast Center (BDFC), 
hosted in BSC. She also participates in international projects like the International Coopera-
tive on Aerosol Prediction (ICAP) initiative and ACTRIS (ACTRIS and ACTRIS-2). She is 
leading the BSC participation in Copernicus (CAMS-84) and she is Leader Project Investiga-
tor of the EU project DustClim. Recently, she was elected as a Chair of the COST Action 
InDust. She has authored or co-authored more than 30 peer-reviewed publications in interna-
tional journals and book chapters. Furthermore, she has participated in capacity building and 
transfer of knowledge activities associated to European Commission and WMO programmes. 
 
Dr. Martina Klose is holding a doctoral degree (Dr. rer. nat.) in Meteorology obtained at the 
University of Cologne, Germany, in 2014.  She is currently a Beatriu de Pinós postdoctoral 
research fellow at BSC-ES and was recently awarded a Marie-Skłodowska-Curie Fellowship 
(DUST.ES, H2020-MSCA-IF-2017 789630) to be implemented in November 2018. In the 
past, she was awarded a postdoctoral research fellowship funded by the German Research 
Foundation (Deutsche Forschungsgemeinschaft, DFG) and was granted as a co-PI a competi-
tive research project funded by the U.S. Department of Defense. Dr. Klose’s research focus is 
to understand dust processes and their impacts on Earth and other planets, and to advance 
their parameterization in numerical models. Until now, Dr. Klose’s work has resulted in 18 
publications in peer-reviewed international journals (7 as the lead author; 4 reprinted as book 
chapters), the participation as a presenter and/or (co-)convener in ~20 international confer-
ences/workshops, the organization of 1 international workshop, and several invited vis-
its/presentations at renowned research institutions around the world. Since 01/2018, Dr. 
Klose is an associated editor of the international journal Aeolian Research (Elsevier). 
 
Mr Kim Serradell is currently the leader of the Computational Earth Sciences group of the 
BSC-ES. The group is a multidisciplinary team of 19 members with different IT profiles that 
interacts closely with all the other groups of the BSC-ES. The group has among its tasks 
providing help and guidance to the scientists with the technical issues related to their work 
and developing a framework for the most efficient use of HPC resources. Kim Serradell is the 
PI of the ESIWACE H2020 project that focuses on porting and optimising codes like EC-
Earth at the highest-resolution possible on a range of platforms. 
 
Mr Miguel Castrillo is an expert in performance profiling and optimisation applied to NEMO 
and EC-Earth with a strong experience in software development. He is coordinator of the 
Models and Workflows team in the BSC-ES. He has experience in deploying and running the 
NEMO ocean model on several platforms. He is a member of the Technical Issues Working 
Group of EC-Earth and a member of the NEMO model HPC Working Group. 
 
Mr Pierre-Antoine Bretonnière holds a Masters’ Degree in Mathematical and Mechanical 
Modelling from the Matmeca engineer school in Bordeaux (France). Graduated in 2010, he 
has worked in several climate research institutes (CERFACS - Toulouse - France, Catalan 
Institute of Climate Sciences - Barcelona - Spain and the BSC-ES). His work focuses on cli-
mate model outputs and diagnostics, data management and model coupling. He is in charge 
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of the Data and Diagnostics team of the BSC-ES. He is the person in charge of the data man-
agement and data conventions definitions and has participated in a number of European pro-
jects. He is also involved in the Research Data Alliance (RDA) framework as chairman of the 
"Weather, climate and air quality" interest group. 
 
Mrs Francesca Macchia is Software Engineering and her work at BSC is devoted to improve 
the performance of MONARCH model and Data assimilation capabilities of the Earth Sci-
ences Department of BSC. 
 
Mrs Larissa Batista is Software Engineering and her work at BSC is oriented to Workflow 
management, Big Data and Machine Learning for research applications. 
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Mandatory appendix 1 – CV of the Principal Investigator with list of publications (<= 5 
years) 
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Languages: Spanish and Catalan: Native; English: Fluent; French: Fluent 
 
• CURRENT POSITIONS 

 

10/2016–           Head of the Atmospheric Composition Group 
 AXA Professor on Sand and Dust Storms (Director Cátedra AXA) 
 Ramon y Cajal Researcher 
 ERC Consolidator Grantee 
 Earth Sciences Department, Barcelona Supercomputing Center (BSC), Spain 
 
 Science collaborator 
 NASA Goddard Institute for Space Studies, New York 
 
 

• PREVIOUS POSITIONS 
 

2011-2016 Associate Research Scientist 
 NASA Goddard Institute for Space Studies, New York 
 Department of Applied Physics and Applied Math, Columbia University, New 

York 
2009-2011        Earth Institute Fellow 
 The Earth Institute at Columbia University, New York 
 NASA Goddard Institute for Space Studies, New York 
 International Research Institute for Climate and Society, New Jersey  
2009  Visiting Scientist (5 months) 
 NOAA National Centers for Environmental Prediction, Camp Springs, Maryland 
2006-2009 Research Scientist and Mineral Dust Group Leader 
 Earth Sciences Department, Barcelona Supercomputing Center, Spain 
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2005 Visiting Scientist 

Mediterranean Centre on Insular Coastal Dynamics. University of Malta (Malta) 
2002-2005  Research Assistant and PhD. Candidate.  

Polytechnic University of Catalonia, Environmental Modelling Laboratory, Barcelo-
na, Spain 

 

• EDUCATION 
 

12/2005  PhD in Environmental Engineering 
 Polytechnic University of Catalonia, Environmental Modelling Laboratory, Barcelo-

na, Spain Summa Cum Laude (Unanimity). Advisor: José M. Baldasano. 
2001 Industrial Engineer 
 Polytechnic University of Catalonia, Industrial Engineering School, Barcelona, Spain 
2001 Ingénieur des Arts et Manufactures 
 École Centrale Paris, France 
 
 

• GRANTS, AWARDS, PRIZES, RECOGNITIONS 
 

The budget I have attracted during my carrier as PI, co-PI or personal awards is ~ EUR 6,000,000. 
 
 

2018 – 2024  I am part of the Science Team of the “Earth surface Mineral dust source InvesTiga-
tion” EMIT. ~$ 50,000,000. EMIT is one of the two missions selected within the 
NASA Earth Venture Instrument-4 program. EMIT will mount an advanced imaging 
spectrometer to the exterior of the International Space Station to determine the miner-
al composition of dust sources that produce dust aerosols. By measuring in detail 
which minerals make up the dust, EMIT will help answering whether this type of aer-
osol warms or cools the atmosphere. Other members of the team are: Robert O. 
Green, JPL (PI); Natalie M. Mahowald, Cornell (Deputy PI); Roger Clark, PSI; Paul 
Ginoux, NOAA; Olga Kalashnikova, JPL; Ron Miller, NASA; Greg Okin, UCLA; 
Bethany Ehlmann, Caltech; Luis Gaunter, DLR. 

 

2018 – 2023  ERC Consolidator Grant. “FRontiers in dust minerAloGical coMposition and its 
Effects upoN climaTe” FRAGMENT. Granted by: European Commission.  Role: 
Principal Investigator (PI). Affiliation: Barcelona Supercomputing Center. EUR 
2,000,000. 

2018 – 2021 MINECO – RETOS: “QuaNtifying the present and fUTure atmospheric deliveRy 
of bIoavailablE iroN to The ocean” NUTRIENT. Granted by: Ministry of Econo-
my, Industry and Competitiveness of Spain. Role: Principal Investigator (PI). EUR 
72,000. 

2017 Agustín de Betancourt y Molina prize for young researchers awarded by the 
Spanish Royal Academy of Engineering. 

2016 – 2030  AXA Chair (Cátedra AXA) on Sand and Dust Storms. Endowment of EUR 
1,700,000 awarded by the AXA Research Fund to support my research program at 
BSC.  

2016 – 2020  Ramon y Cajal position awarded by the Ministry of Economy, Industry and Com-
petitiveness, Spain, EUR 210,000. I was ranked #1 by the Earth Sciences Panel. 

2015 – 2016 Co-PI. R2O Initiative for the Next Generation Global Prediction System (NGGPS), 
NOAA. “Implementation and testing of dust models for regional and global forecast-
ing”. Collaborative project between Columbia University, NASA and NOAA GFDL. 
$200,000. 

2014 Co-author of the Best Publication of 2014 at NASA Goddard Institute for Space 
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Studies 
2014 Best Science Brief of 2014 at NASA Goddard Institute for Space Studies 
2011 – 2014  Project Director and Institutional PI. Department of Energy (DoE DE-SC00671). 

“Improving the representation of soluble iron in climate models”. Collaborative Pro-
ject between Columbia University, NASA and Cornell University. $750,000. 

2014 – 2016 Co-PI. NASA ROSES Modeling, Analysis and Prediction Program. “Contribution to 
radiative forcing and climate by anthropogenic sources of dust aerosol”. Co-I’s from 
NASA, Columbia University, NOAA GFDL and Princeton University. $1,020,000. 

2010 – 2015  PI. Earth Institute Cross-Cutting Initiative (CCI). “Atmospheric aerosol impacts on 
health in sub-Saharan Africa”. $45.000. 

2009 – 2011 Earth Institute Fellowship (~5% success rate) awarded by the Earth Institute at Co-
lumbia University, New York, $110,000. 

2009 Mobility grant José Castillejo awarded by the Ministry of Science and Innovation, 
Spain. EUR 20,000 

 
2006 – 2009  PI. Ministry of Science and Technology, Spain. Contract CGL2006-11879/CLI. “Im-

provement of the Dust Regional Atmospheric Model (DREAM) for prediction of Sa-
haran dust events in the Mediterranean and the Canary Islands”. EUR 98,000. 

2001 – 2005     PhD Thesis fellowship awarded by the Polytechnic University of Catalonia, Spain. 
2007 Poster presentation prize at the 11th International Conference on Harmonisation with-

in atmospheric dispersion modelling for atmospheric purposes. 
1998 – 2000 EU Fellowship to obtain the double Spanish-French Engineering degree at the École 

Centrale Paris, France 
 
• OTHER GRANTS and CONTRACTS 
 

I have also participated in a number of projects as Co-Investigator or collaborator 
 
2018 – 2020      Co-I.  Solving Water Issues for CSP Plants (SOLWATT). Call: H2020-LCE-2016-

2017 (COMPETITIVE LOW-CARBON ENERGY). Total Budget: EUR 10,000,000. 
BSC: ~EUR 300,000 

2018 – 2020      Co-I. Cost Action: International Network to Encourage the Use of Monitoring and 
Forecasting Dust 

Products (InDust) CA16202. Coordinated by BSC ~EUR 500,000 
2012 – 2014 Co-I. Ministry of Science and Innovation (Spain). Contract CYCIT CGL2011-26259. 

“Composition, sources and multi-decadal evolution of the dust and particulate pollu-
tants observed in the subtropical Saharan Air Layer (POLLINDUST)”. PI: Sergio 
Rodríguez. EUR 109,000. 

2010 – 2011 Co-I. A Pilot Proposal to the NIEHS Center for Environmental Health in Northern 
Manhattan. “The role of airborne dust and climate in meningococcal meningitis out-
breaks in the Sahel”. PI: Sylwia Trzaska. $50,500. 

2008 – 2011 Co-I. Ministry of Science and Innovation (Spain) CGL2008-02818. “Implementation 
of Chemistry on-line with the NCEP UMO Global Regional Model”. PI: Oriol Jorba 
Casellas. EUR 90,000. 

2008 – 2011 Collab. “TIGERZ - AERONET/CALIPSO Validation in India”. Four-year intensive 
field campaign to measure aerosol microphysical and optical properties over India. I 
provided specific dust forecasts for the campaign. 

2007 – 2013 Co-I. Program CONSOLIDER-INGENIO 2010. “Supercomputing and e-Science”. PI: 
Mateo Valero Cortés. EUR 5,000,000. 

2007 – 2009 Collab. “Saharan Mineral Dust Experiment II (SAMUM II)”. PI: Jost Heiintzenberg, 
IIfT Leiipziig. 
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2006 – 2011 Collab. EC FP6 Structuring the European Research Area Specific Programme - Re-
search Infrastructures Action. Contract number 025991. “EARLINET-ASOS European 
Aerosol Research Lidar Network - Advanced Sustainable Observation System”. 

2006 – 2009 Co-I. Ministry of Environment (Spain). “CALIOPE: Operational Air Quality Fore-
cast System for Spain” (Nº Exps: 441/2006/3-12.1, A357/2007/2-12.1, 157/PC08/3-
12.0). PI: José Maria Baldasano. EUR 354,414; EUR 301,630; EUR 533,214. 

2006 – 2009 Co-I. Ministry of Science and Innovation (Spain). Contract CYCIT CGL2006-08903. 
“Project High-resolution modelling of atmospheric pollution by anthropogenic and 
natural particulate matter in the Iberian Peninsula”. PI: Pedro Jiménez Guerrero. 
EUR 140,000. 

2006 – 2009  Co-I. Spanish-Portuguese integrated action HP2006-0035. “Operational System of Air 
Quality Forecasting for the Iberian Peninsula”. PI’s: José M. Baldasano and Carlos 
Borrego. 

2006 – 2009 Collab. DEISA Extreme Computing Initiative, EC 6th Framework Programme. 
“Global and Regional Interactions of Air Quality and Climate: Modeling Forcings 
and Feedbacks (GLORIA)”. 

2006 – 2009  Collab. Complementary action project CTM2006-27154/TECNO. “Red de Lidares 
Europea para investigación de aerosoles: sistema de observación avanzado (EARLI-
NET-ASOS)”. PI: José M. Baldasano. 

2005 – 2008 Collab. Plan Nacional de I+D. CGL2004-03669/CLI. “TROMPETA. TROpical Moni-
toring Phase in the Atmosphere”. Ozone Studies in the UTLS (“Upper Trosposhere 
Lower Stratosphere”). PI: M. Gil (INTA). 

2005 – 2006 Collab. German Research Foundation (Deutsche Forschungsgemeinschaft, DFG) 
DFG project FOR 539. “Saharan Mineral Dust Experiment I (SAMUM I)”. PI: Jost 
Heintzenberg, IfT Leipzig. I provided specific dust forecast for the campaign. 

2004 Collab. Red Temática Damocles REN2002-12784-E/CLI. “Determinación de aeroso-
les por medidas obtenidas en columna (Lidar y extinción) y en superficie”, 2004. PI: 
José Ant. Martinez Lozano, Univ. de Valencia (Spain). 

2004 – 2007 Collab. Complementary action project CGL2005 25131 E/CLI 2004-2007. “Red Da-
mocles”. PI: José Ant. Martinez Lozano, Univ. de Valencia (Spain). 

2004 – 2008 Collab. FP6 programme of the European Commission. “ACCENT Network of Excel-
lence”. Technical University of Catalonia, BSC-CNS (Spain) 

2003 – 2006 Co-I. Ministry of Science and Technology. Contract CICYT REN2003-09753-C02-
01. “Determination of circulatory patterns and outbreak processes of Saharan Dust”. 
PI: José María Baldasano. Universitat Politècnica de Catalunya (Spain) 

2001 – 2004  Collab. “Application of Supercomputing in the Field of Atmospheric Pollutant Dis-
persion Modeling”. PI: José M. Baldasano. Supercomputing Center of Catalonia 
(CESCA) - Universitat Politècnica de Catalunya (Spain). 

2001 – 2003 Collab. Contract CIRIT of the Government of Catalonia. “IMMPACTE. Methodology 
and Model Integration for Forecasting and Analysis of Air Pollution and the Weather 
and Their Effects”. PI: José M. Baldasano. Universitat Politècnica de Catalunya 
(Spain). 

2000 – 2003 Co-I. Ministry of Science and Technology. Contract CICYT REN2000-1020-C02-
02/CLI. “Characterization of air pollutants dynamics in the area of the Western Med-
iterranean Basin”. PI: Dr. Santiago Gassó. Universitat Politècnica de Catalunya 
(Spain). 

2000 – 2003  Co-I. Work Program for the Energy, the Environment and the Sustainable Develop-
ment of the V Framework Program for Research and Technological Development of 
the European Union, Contract UE EVR1-CT-1999-40003. “EARLINET. European 
Aerosol Research Lidar Network to Establish an Aerosol Climatology”. PI: J. Bösen-
berg. Max-Planck Institut für Meteorologie (Hamburg, Germany) 
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2000 – 2003 Collab. Special Complementary Action Contract REN2000-1907-EC. “Measures of 
Aerosols Distribution through Lidar Techniques in the Framework of EARLINET 
project”. PI’s: José M. Baldasano and Adolfo Comerón. Universitat Politècnica de Ca-
talunya (Spain). 

 
 

• SUPERVISION OF GRADUATE STUDENTS AND POSTDOCTORAL FEL-
LOWS 

 

2006 – 8 Postdocs, 3 PhD, 2 Master Students 
Barcelona Supercomputing Center, Spain 

2013 – 2016 1 Postdoc, 1 Master Student 
NASA Goddard Institute for Space Studies, New York 

 
 

• ORGANISATION OF SCIENTIFIC MEETINGS 
 
2018                 Co-convener of a dust session at the AGU Fall meeting, 10-14 December 

,Washington DC. 
2018                 Member of the Steering Committee of the 9th International Workshop on Sand / 

Dust storm and Associated Dustfall. 22-24 May 2018, Tenerife, Spain. 
2012 Workshop organizer, “Dust, climate and Health in sub-Saharan Africa” sponsored 

by the Earth Institute, International Research Institute for Climate and Society, New 
York  

2011 Co-chair, World Meteorological Organization SDS-WAS/GESAMP Expert Work-
shop on “Modelling and Observing the Impacts of Dust Transport and Deposition on 
Marine Productivity”, Malta 

2007  Member of the Steering Committee and local organizer, “WMO/GEO Expert 
Meeting on an International Sand and Dust Storm Warning System”, Barcelona, Spain 

 

• COMMISSIONS OF TRUST 
 

2016 – Scientific Advisor, World Meteorological Organization Sand and Dust Storm Warn-
ing System Regional Center for North Africa, Europe and Middle East. http://sds-
was.aemet.es/ 

2014 – 2015 Evaluator of Research proposals, NERC, UK / Department of Energy, US 
2014 Member of the expert panel on extreme events for "The Impacts of Climate 

Change on Human Health in the United States: A Scientific Assessment", as part of 
the President’s Climate Action Plan, US Global Change Research Program 
(USGCRP) 

2012 Principal Science Advisor, Atmospheric dust module of the COMET Pro-
gram, University Corporation for Atmospheric Research (UCAR) and NOAA Na-
tional Weather Service. 

2008 – 2011 Spanish Representative, Meningitis Environmental Risk Information Technologies 
(MERIT), World Health Organization, Geneva, Switzerland 

2007 – 2010 Member of the Steering Committee, World Meteorological Organization Sand and 
Dust Storm Warning System Regional Center for North Africa, Europe and Middle 
East 

2007 Member of the Writing team, Implementation Plan for an International Sand and 
Dust Storm Warning System of the World Meteorological Organization 

2007 Editor, Book of proceedings “WMO/GEO Expert Meeting on an International Sand 
and Dust Storm Warning System”, IOP Conference Series: Earth Environmental 
Science 

2004 – Reviewer: Scientific Reports, Nature Geoscience, Biomedcentral Infectious Diseas-
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es, Journal of Climate, Geoscientific Model Development, Atmospheric Chemistry 
and Physics, Tellus B, Theoretical and Applied Climatology, Atmospheric Envi-
ronment, Geophysical Research Letters, Journal of Geophysical Research, and other 

 
 

• MEMBERSHIPS OF SCIENTIFIC SOCIETIES 
 

2016 –              Member of the International Cooperative for Aerosol Prediction (ICAP) 
2009 – American Geosciences Union 
2008 – 2011     Member of the Meningitis Environmental Risk Information Technologies (MERIT)  
2004 – 2009     Principal Investigator of the NASA Aerosol Robotic Network (AERONET) in Barce-
lona. 
2004 – 2008     European Geosciences Union 
 
 

• MODELS, TECHNOLOGY TRANSFER, CONSULTANCY 
 

- I have contributed to the development of several models and operational forecast systems:  
o BSC-DREAM8b model (Pérez et al., 2006a, Pérez et al., 2006b). 
o NMMB/BSC-Dust model (Pérez et al., 2011) 
o NNMB/MONARCH model (Spada et al., 2013, 2015; Jorba et al. 2013; Badia et al., 2017) 
o NASA Earth System ModelE (Miller et al., 2014): 
o Dust forecasts (http://sds-was.aemet.es, http://dust.aemet.es) 
o Air quality forecasts (http://www.bsc.es/caliope/es) 

 

- The BSC-DREAM8b model has been distributed to a number of meteorological services and 
research groups in Europe, Africa and the Middle East. 

 

- The NMMB/BSC-Dust and BSC-DREAM model forecast outputs are regularly used, among 
others, by: 
o ACMAD (the weather and climate organization with African continental authority) and Na-

tional Meteorological and Hydrological Services in Africa and the Middle East to issue dust 
predictions and outlooks.  

o Research groups and networks such as EARLINET to plan lidar measurements in Europe. 
o The Spanish Ministry of Agriculture, Food and Environment to disentangle anthropogenic 

pollution episodes and dust episodes in Spain. 
 

- My model developments and air quality expertise have contributed to technology transfer activi-
ties and consultancy services to private companies and public institutions (e.g. Gas Natural, 
Generalitat de Catalunya) 
 

 
• MEDIA HIGHLIGHTS OF MY RESEARCH   
 

BBC World, The Guardian, Astrobiology Magazine, Phys.org, Psychology Today, Voice of America, 
SciDevNet 
 

• INSTITUTIONAL HIGHLIGHTS OF MY RESEARCH  
 

NASA Global Climate Change, NASA Goddard Institute for Space Studies, Earth Institute at Colum-
bia University, International Research Institute for Climate and Society, ECMWF, Barcelona Super-
computing Center 
 
 
 

• SELECTED JOURNAL ARTICLES PUBLISHED IN THE LAST FIVE YEARS 
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GOOGLE SCHOLAR; CITATIONS: 3471; H-INDEX: 29 
 

1. Scanza, R. A., Mahowald, N. M., Perez Garcia-Pando, C., Buck, C., Baker, A., and Hamilton, 
D. S.: Atmospheric Processing of Iron in Mineral and Combustion Aerosols: Development of an 
Intermediate-Complexity Mechanism Suitable for Earth System Models, Atmos. Chem. Phys. 
Discuss., https://doi.org/10.5194/acp-2018-80, 2018.  

2. Gkikas, A., Obiso, V., Pérez García-Pando, C., Jorba, O., Hatzianastassiou, N., Vendrell, L., 
Basart, S., Gassó, S., and Baldasano, J. M.: Direct radiative effects of intense Mediterranean de-
sert dust outbreaks, Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-932, 2017.  

3. Badia, A., O. Jorba, A. Voulgarakis, D. Dabdub, C. Pérez García-Pando, A. Hilboll, M. Gon-
çalves, and Z. Janjic, 2017: Description and evaluation of the Multiscale Online Nonhydrostatic 
AtmospheRe CHemistry model (NMMB-MONARCH) version 1.0: Gas-phase chemistry at 
global scale. Geosci. Model Dev., 10, 609-638, doi:10.5194/gmd-10-609-2017. 

4. Di Tomaso, E., N.A.J. Schutgens, O. Jorba, and C. Pérez García-Pando, 2017: Assimilation of 
MODIS Dark Target and Deep Blue observations in the dust aerosol component of NMMB-
MONARCH version 1.0. Geosci. Model Dev., 10, 1107-1129, doi:10.5194/gmd-10-1107-2017. 

5. Huneeus, N., S. Basart, S. Fiedler, J.-J. Morcrette, A. Benedetti, J. Mulcahy, E. Terradellas, C. 
Pérez García-Pando, G. Pejanovic, S. Nickovic, P. Arsenovic, M. Schulz, E. Cuevas, J.M. 
Baldasano, J. Pey, S. Remy, and B. Cvetkovic, 2016: Forecasting the North African dust out-
break towards Europe in April 2011: A model intercomparison. Atmos. Chem. Phys., 16, 4967-
4986, doi:10.5194/acp-16-4967-2016. 

6. Pérez García-Pando, C., R.L. Miller, J.P. Perlwitz, S. Rodríguez, and J.M. Prospero, 2016: 
Predicting the mineral composition of dust aerosols: Insights from elemental composition 
measured at the Izaña Observatory. Geophys. Res. Lett., 43, no. 19, 10520-10529, 
doi:10.1002/2016GL069873. 

7. Perlwitz, J.P., C. Pérez García-Pando, and R.L. Miller, 2015: Predicting the mineral composi-
tion of dust aerosols — Part 1: Representing key processes. Atmos. Chem. Phys., 15, 11593-
11627, doi:10.5194/acp-15-11593-2015. 

8. Perlwitz, J.P., C. Pérez García-Pando, and R.L. Miller, 2015: Predicting the mineral composi-
tion of dust aerosols — Part 2: Model evaluation and identification of key processes with obser-
vations. Atmos. Chem. Phys., 15, 11629-11652, doi:10.5194/acp-15-11629-2015. 

9. Spada, M, O. Jorba, C. Pérez García-Pando, Z. Janjic, J.M. Baldasano (2014). On the evalua-
tion of global sea-salt aerosol models at coastal/orographic sites. Atmospheric Environment, 
101, 41-48. 

10. Hickman J.E., R.J. Scholes, T.S. Rosenstock, C. Pérez García-Pando, J. Nyamangara, 2014. 
Assessing non-CO2 climate-forcing emissions and mitigation in sub-Saharan Africa. Current 
Opinions in Environmental Sustainability, 9-10, 65-72, doi:10.1016/j.cosust.2014.07.010. 

11. Pérez García-Pando, C., M.C. Stanton, P.J. Diggle, S. Trzaska, R.L. Miller, J.P. Perlwitz, J.M. 
Baldasano, E. Cuevas, P. Ceccato, P. Yaka and M.C Thomson, 2014. Soil dust aerosols and 
wind as predictors of seasonal meningitis incidence in Niger. Environmental Health Perspec-
tives. doi:10.1289/ehp.1306640 

12. Pérez García-Pando, C., M.C. Thomson, M. Stanton, P. Diggle, T. Hopson, R. Pandya, R.L. 
Miller and S. Hugonnet, 2014. Meningitis and climate: From science to practice. Earth Per-
spectives 1, 14, doi:10.1186/2194-6434-1-14 

13. Miller, R.L., G.A. Schmidt, L.S. Nazarenko, N. Tausnev, S.E. Bauer, A.D. Del Genio, M. Kel-
ley, K.K. Lo, R. Ruedy, D.T. Shindell, I. Aleinov, M. Bauer, R. Bleck, V. Canuto, Y.-H. Chen, 
Y. Cheng, T.L. Clune, G. Faluvegi, J.E. Hansen, R.J. Healy, N.Y. Kiang, D. Koch, A.A. Lacis, 
A.N. LeGrande, J. Lerner, S. Menon, V. Oinas, C. Pérez García-Pando, J.P. Perlwitz, M.J. 
Puma, D. Rind, A. Romanou, G.L. Russell, Mki. Sato, S. Sun, K. Tsigaridis, N. Unger, A. 
Voulgarakis, M.-S. Yao, and J. Zhang 2014. CMIP5 historical simulations (1850-2012) with 
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GISS ModelE2. Journal of Advances in Modeling Earth Systems, 
doi: 10.1002/2013MS000266. 

14. Ceccato, P., S. Trzaska, C. Pérez García-Pando, O. Kalashnikova, J. del Corral, R. Cousin, 
M.B. Blumenthal, M. Bell, S.J. Connor, and M.C. Thomson, 2014. Improving decision-making 
activities for meningitis and malaria. Geocarto International. 
doi:10.1080/10106049.2013.827749. (early on-line) 

15. Spada, M., O. Jorba, C. Pérez García-Pando, Z. Janjic, and J.M. Baldasano, 2013. Modeling 
and evaluation of the global sea-salt aerosol distribution: sensitivity to size-resolved and sea-
surface temperature dependent emission schemes. Atmospheric Chemistry and Physics, 13, 
11735-11755. doi:10.5194/acp-13-11735-2013. 

16. Menut, L., C. Pérez, K. Haustein, B. Bessagnet, C. Prigent and S. Alfaro, 2013. Impact of sur-
face roughness and soil texture on mineral dust emission fluxes modeling. Journal of Geophys-
ical Research, 118, 6505-6520. doi:10.1002/jgrd.50313 

 
 
 
 
 
 
 
 
 
 
 
 

 


