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The main contractor is HYGEOS.
The sub-contractors are:
· Météo-France, France
· KNMI, Netherlands
· Met.No, Norway
· University of Leeds, United Kingdom
· Barcelona Supercomputing Center, Spain
· OB consulting, France
Executive summary
CAMS_43 is a project that requires experience and expertise in several domains: global aerosol modelling, physics and chemistry of the atmosphere, data assimilation and its computational aspects, as well as a detailed knowledge on the architecture and functioning of the IFS. Our proposal is a continuation and an extension of what was achieved during phase 1 of CAMS_43. It will be carried out by essentially the same scientists and engineers who successfully delivered during phase 1, but with some changes to the main Contractor and some Sub-Contractors to account for the evolving employment of key team members. Our team is composed of experts who not only cover all of the scientific aspects of the ITT, but also have already worked together on many of the deliverables of phase 1 of CAMS_43: our group will thus be immediately operational and ready to deliver from the first day of phase 2. We describe below the work programme for work packages 43.1 to 43.5 in general terms. A more detailed description is available in the technical solution Section.
Our proposal for the work package 43.1, modelling aspect, is ambitious. A dynamical Secondary Organic Aerosol (SOA) module was successfully implemented during phase 1. It will be complexified and evaluated against speciated observations in phase 2. The current operational simpler scheme that does not require a coupling to the chemistry will also be improved on the basis of using a precursor gas for both anthropogenic and biogenic SOA. A review of the new nitrate aerosol module that was recently implemented will be carried out and compared against other available schemes. Following this, some improvement will be proposed and implemented. A new sea-salt emission scheme that uses the inputs and/or outputs of the wave model of the IFS (e.g., surface salinity, wave height and roughness Reynolds number) will be implemented. Black carbon, an important species through its radiative properties, has been barely touched by the developments of phase 1: a full review of the skill of the IFS for black carbon concentrations will be carried out using data from surface networks and field campaigns. The opportunity to include brown carbon as a new species will be discussed with ECMWF and tested in an experimental mode. The optical properties that are used will be reviewed, especially for dust. Experimental tests with a more detailed dust mineralogy will be carried out and potential modifications of the dust optical and physical properties will be proposed to ECMWF. All of these developments will be combined, where possible, for both IFS-AER and IFS-GLOMAP. Some of the developments that do not necessitate chemical input will be considered and evaluated both in standalone aerosol configuration and coupled with the chemistry. 
IFS-GLOMAP has been a major focus of the first phase of CAMS_43, with the objective of improving its skill for the headline Aerosol Optical Depth score. Now that this objective is within reach, a more diversified evaluation of IFS-GLOMAP is due, especially concerning the speciated aerosol concentrations and the simulated size distribution. From this evaluation, a number of improvements specific to IFS-GLOMAP will be envisaged and experimented, discussed with ECMWF and experimented. A major achievement of phase 1 has been to implement a new version of GLOMAP that includes the stratospheric aerosol capacity and then to develop the combined IFS-CB05-BASCOE-GLOMAP system that is able to represent both tropospheric and stratospheric aerosols and chemistry. This complex system and the simpler IFS-AER will be evaluated in quiescent mode and against several tropospheric and stratospheric volcanic eruptions. This evaluation will provide directions for new developments that will be proposed and carried out. The opportunity to implement a more complex stratospheric sectional aerosol scheme in IFS-AER, with semi-prognostic chemical inputs, will be discussed with ECMWF.
For work package 43.2, we will continue to provide with the high level of assistance in the merging of new developments into operational branches and in the evaluation of the various configurations possible for operational runs. The CAMS_43 team will propose configurations for testing, run test simulations and evaluate them against a range of observations to help ECMWF in deciding which configuration is optimal for operational purposes. In case of problems in the e-suite, as happened with the implementation of operational cycle 45R1, our team will quickly analyse problems and provide possible fixes if necessary. These activities will start with the planned launch of operational cycle 46R1 in June 2019.
Work package 3 is the most experimental of all work packages. In the first phase of CAMS_43, we have set up a benchmarking exercise to assess both the accuracy and computational speed of clear-sky shortwave radiance calculations (30) in order to assess trade-off between these two requirements. In the second phase of CAMS_43, we plan to extend the 1D-VAR model so as to evaluate the potential benefits of multi-wavelength radiance assimilation on the analysis of the aerosol vertical profile. This will be performed in three steps. First we will choose in agreement with ECMWF a suitable radiative transfer code which we will implement into our standalone 1D-Var assimilation system. We will then investigate the potential benefit of multi-wavelength radiance assimilation using synthetic observations with a view on understanding how it can improve the representation of the aerosol vertical profile under different situations of surface versus lofted aerosol layers, and different situations of systematic errors on the surface characteristics, aerosol types, and top-of-atmosphere aerosol radiances. We will then test and evaluate the 1D-Var assimilation system using real MODIS and VIIRS reflectances. This work will inform ECMWF on how to introduce a 1D-Var or 4D-Var assimilation of aerosol radiances in the IFS by the end of the project.
The service evolution work package (43.4) is a combination of two distinct tasks: to operate and improve the aerosol alert service and to provide validated dry and wet deposition products. The dry and wet deposition parameterizations have been reviewed and upgraded during the first phase of CAMS_43. The limited evaluation that was carried out then will be expanded using a larger range of observational datasets. This evaluation work can in turn give indications on potential improvements of the parameterization. Dry deposition products in particular can be of interest to many users in the energy community because of their impact on the soiling of solar panels. Interaction with CAMS72 (solar radiation) and potential users can be organized with ECMWF. In the service evolution, the CAMS_43 team would also like to experiment, with the assistance of CAMS81 (emissions) with dynamical emissions for anthropogenic emissions, as a function of meteorological parameters. This has been shown to have a beneficial impact on the skill of forecasts, over Europe in particular, where there is a strong correlation between heating of buildings and associated emissions of aerosols and aerosol precursors with surface temperature.
Work package 43.5 consists of two tasks: documentation and user support. User support has been provided all along the first phase of CAMS_43 and will continue during phase 2, using the ECMWF user ticket system and also through direct contact. Attention will be paid to use high standards for the editorial quality of the deliverable reports, so that they will be easy to disseminate and re-use in the CAMS documentation. The CAMS_43 team will participate to the documentation efforts undertaken by ECMWF.
Finally, management will mostly follow the template setup during phase one, which witnessed smooth communication between ECMWF and the CAMS_43 team, and between the main contractor and the subcontractors. In addition to that, bimonthly teleconferences will be organized to coordinate the subcontractors. We expect improvements on the administrative running of the proposal, with a more reactive administrative department behind the CAMS_43 team.
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Our response to the CAMS_43 tender involves a team of thirteen experienced research scientists (one acting as consultant) from six European institutes and private companies. Our proposed team has an outstanding knowledge and experience in aerosol modelling, both within predecessor projects such as GEMS, MACC and as part of other projects, with a wide range of models. Our team is the continuation and an extension of the work force who successfully led the first phase of CAMS_43: the main contributors of the first phase are all here; and two new partners: the Barcelona Supercomputing Center (BSC) and KNMI are now part of our answer. BSC hosts Jeronimo Escribano, who was the main contributor to work package 43.3 during first phase and who will work on the same work package during the second phase. BSC also has very useful expertise on regional and global aerosol modelling as well as in aerosol data assimilation. KNMI was a very useful partner during the first phase of the project, as the interaction between aerosol and chemistry grew more and more important. The fact that KNMI enters the CAMS_43 team formalizes the close collaboration that already exists. The expertise in atmospheric radiative transfer, which was provided by the Université of Lille in the first phase of CAMS_43, will now come from Hygeos and OB consulting, although it should also be recognized that it is less critical to the CAMS_43 extension.
The team members have already worked together during the first phase of CAMS_43, and more generally on aerosol related aspects, which ensures a smooth start once the project begins. The track record section details the expertise of each of the team members and institutions involved. As team members have complementary experience and skills spanning several aspects of the project, a brief summary of the main research domains of each of the participants is proposed here:
- Global aerosol modelling: Remy, Boucher, Mann, Michou, Nabat, Di Tomaso, Schulz, Perez Garcia Pando
- Global chemistry modelling: Huijnen, Boucher
- Knowledge of the IFS code: Remy, Huijnen, Boucher
- Data assimilation: Escribano, Di Tomaso, Rémy, Boucher
- Atmospheric radiative transfer: Escribano, Boucher, Rémy
- Stratospheric aerosol modelling and evaluation: Mann, Rémy, Boucher, Huijnen, Sengupta, Shallcross
- Aerosol alert system: Mortier, Schulz
- Links to international projects (e.g. Climate Model Intercomparison Project, Aerocom, SPARC stratospheric aerosol initiative, ESA Climate Change Initiative) and climate assessments (e.g. Intergovernmental Panel on Climate Change): Boucher, Mann, Schulz, Huijnen, Perez Garcia-Pando

1 Track record of HYGEOS

Founded in 2001 and based in Lille, HYGEOS is a worker cooperative company specialized in processing, analysis and validation of Earth Observation data. HYGEOS carries out research and development activities in optical remote sensing. Thanks to its expertise in radiative transfer in the atmosphere, in the ocean and over land, HYGEOS performs prospective studies to help define system requirements of future satellite missions and develops in-house methods, software, tools and products to exploit the satellite imagery information.
HYGEOS is constantly innovating in connection with research institutes and academic world. This strong association guarantees state-of-the-art scientific algorithms supported by the most recent technologies to process large datasets. HYGEOS is also investing in the training of Ph.D students. HYGEOS is participating in environment monitoring projects focusing on open ocean and coastal water, land ecosystem, solar energy, air quality, meteorology and climate.
HYGEOS has agreed to host the CAMS_43 project; its CEO, Didier Ramon, is personally committed to the success of this project. HYGEOS focuses on satellite retrievals and on product for the energy sector, which all involve aerosols. HYGEOS has expertise in atmospheric radiative transfer for satellite retrievals and also works in close collaboration with the Université de Lille on these matters. The Université de Lille has several experts in radiative transfer applied to aerosols such as Philippe Dubuisson and Laurent Labonnote, who participated to the first phase of CAMS_43, and can be consulted if needed. This collaboration and expertise in satellite products will be useful for work package 43.3. HYGEOS is already involved in Copernicus, as a subcontractor to VITO in the Copernicus Climate Change Service (C3S). HYGEOS’s share of the project funding is 49%.
Dr. Samuel Rémy, our proposed Prime Investigator and service manager, has twelve years of experience in atmospheric and meteorological research. Since all administrative hurdles have already been ironed out, he will be able to join HYGEOS on April 1st, 2019 for this project. Samuel is the current service manager of the phase 1 of CAMS_43. He has been responsible for the timely and satisfactory delivery of a number of deliverables of Work Packages 0, 1, 2 and 4, and is in sole charge of Work Package 2. Having worked in an operational environment previously, at ECMWF and Météo-France, Samuel is well aware of the reliability and timing constraints associated with running an operational model. He has been maintaining and upgrading the current aerosol models IFS-AER and IFS-GLOMAP for nearly five years, first at ECMWF within the Chemical Aspects section and then remotely from CNRS (initially at LMD then at IPSL), in the MACC-II, MACC-III and then CAMS_43 projects. Samuel has authored or co-authored more than 40 articles published in peer-reviewed journals, and is responsible for the aerosol section of the BAMS State of the Climate publication since 2015. In summary Samuel has an all-round knowledge not only of both aerosol schemes currently implemented in IFS, but also of the whole IFS system, including the IFS meteorological model and the 4D-var assimilation system. During his three years of PhD at the Météo-France research centre, Samuel maintained and upgraded a 1D assimilation system associated with a 1D boundary layer model. Several novel assimilation algorithms were tested and successfully implemented; this experience will be very useful in managing the Work Package dedicated to aerosol data assimilation. Samuel can draw on his managing experience during phase 1 of CAMS_43, during his time at Météo-France as well as in Hexaflux where he was involved in project, software and staff management.
2 Track record of Météo-France

Météo-France is the governmental French meteorological and climatological national service. Its primary mission is to ensure the safety of people and goods, as far as weather is involved. Météo-France-CNRM (or MF-CNRM) is the department of Météo-France responsible for conducting the largest part of the meteorological research activities. Primarily oriented towards the requirements of the users in the area of meteorology, its research encompasses the atmosphere, extending to, and including, closely related scientific domains, such as atmospheric chemistry, the upper ocean, physics and dynamics of the snow cover, and surface hydrology. To carry out its missions, MF-CNRM hosts approximately 225 permanent positions, and 45 students and visitors. MF-CNRM has been conducting research and development activities concerning air composition modelling for more than 20 years, which encompasses chemistry/aerosols climate-interaction studies, air quality modelling and data assimilation. These activities are mostly carried out using the CNRM-CM and MOCAGE modelling systems.  Météo-France and MF-CNRM are based in Toulouse, where the services will be provided; its share of the project funding is 13%.
Dr. Pierre Nabat, from Météo-France-CNRM, is specialized in aerosol modelling and the study of aerosol-climate interactions. During his PhD, his work has been focused on the Mediterranean region, showing the essential role of aerosols in regional climate. He has notably adapted the IFS-AER aerosol scheme into the regional climate system of the CNRM, CNRM-RCSM. Now he contributes further to the development of this aerosol module in the global model CNRM-CM, whose atmospheric component is a climate version of the Numerical Weather Prediction (NWP) model ARPEGE-IFS. His work on sea-salt and dust emissions in CNRM-CM was very useful during CAMS_43 phase 1. His expertise on the aerosol module of CNRM-CM will be helpful for Work Package 43.1.
Dr. Martine Michou, from Météo-France-CNRM, has been involved in chemistry and aerosol modelling in global models for about 15 years. She first developed the module in charge of the surface interactions of the gaseous species described in the MOCAGE Chemistry Transport Model of CNRM. She also contributed to the evaluation of the chemistry module included in CNRM-CM. Finally, she led the implementation and routine use of the C-IFS-AER aerosol module within CNRM-CM. She is strongly involved in the evolution of this module within CNRM-CM, and as such will be very useful in Work Package 43.1.
3 Track record of MET Norway

MET Norway is the meteorological service of Norway, based in Oslo. It provides meteorological forecasts and warnings for the general public as well as civil services and the military. The research department of MetNo is composed of approximatively 70 scientists and meteorologists; it focuses on meteorology, oceanography, remote sensing, environmental research and climate modelling. As part of its research activities, it has operated the aerosol alert service of the MACC and CAMS_43 projects for more than three years now, with results available for all major global regions via a dedicated website (http://Aerocom.met.no/cgi-bin/Aerocom/surfobs_annualrs.pl?Parameter0=ALERT_AER). Case by case validation was done and MetNo has recently shown that the contingency statistics can be usefully established for aerosol alerts using Aeronet data. MetNo was also involved in the overall validation activity of the MACC and CAMS projects. MET Norway’s share of the project funding is 14%.

Dr. Michael Schulz from MetNo, our proposed co-manager of Work Package 43.4, is the coordinator of the Aerocom project (59, 13, 73 and 106 among others), which aims at a better understanding of aerosols and their impacts on climate. He designed and coded a modal aerosol scheme in the INteraction with Chemistry and Aerosol (INCA) model while working for the Laboratoire des Sciences du Climat et de l’Environnement (LSCE) in France. He has also been a participant of the VAL sub-project of the GEMS and MACC projects; he is involved in the AEROSOL_CCI and ACTRIS projects among others. Within the MACC-II and MACC-III projects, Michael has also been responsible for the maintenance and development of an aerosol alert service based on the output from IFS-AER in the MACC series of projects and then in CAMS_43 phase 1. He is ideally suited to pursue this effort within CAMS_43 phase 2. With his long experience in global aerosol modelling, and being in contact with a large variety of aerosol modelling approaches through the Aerocom project, he will also be in a perfect position to provide some guidance on aerosol modelling work.
Augustin Mortier from MetNo has a long experience on aerosol model evaluation within the AEROCOM project. He has been responsible for the maintenance and the development of the aerosol alert system; this expertise will be invaluable for the success of the transfer of the aerosol alert service to the Global Service Provider in the framework of Work Package 43.4.
4 Track record of the University of Leeds

The School of Earth and Environment at the University of Leeds (ULEEDS) has very strong research interests in wide-ranging areas of atmospheric science, and in the 2014 UK Research Excellence Framework (REF2014) 90% of its research was graded as world-leading or internationally excellent. Leeds hosts the NERC National Centre for Atmospheric Science (NCAS) directorate. The University of Leeds has been involved in the MACC projects (integration of GLOMAP into the IFS) and then in the first phase of CAMS_43. The University of Leeds will receive 11% of the project funding.
Dr. Graham Mann is a Lecturer in Atmospheric Science at the University of Leeds, part-funded by the UK National Centre for Atmospheric Science. Dr. Mann co-ordinates the development of the GLOMAP-mode aerosol microphysics scheme (72), which was originally developed in the TOMCAT chemistry transport model and re-calibrated (74) for improved agreement with the more sophisticated sectional GLOMAP-bin scheme (110). Dr. Mann oversaw the implementation of GLOMAP into the IFS during MACC-II (75, 76, 77 and 78) and further development during MACC-III via coupling to the TM5 chemistry scheme within the IFS. Dr. Mann led the aerosol microphysics intercomparison (73) during the 2nd phase of the international Aerocom activity and co-leads the ISA-MIP interactive stratospheric aerosol model intercomparison (116), one component of the current SPARC initiative “Stratospheric Sulphur and Its Role in Climate” (SSiRC).
Kamalika Sengupta is a Researcher (PhD) with over 6 years' experience in scientific data analysis. Proficient in programming in IDL, R, MATLAB to process, analyse and interpret data. Kamalika is experienced in aerosol microphysics modelling, organic aerosol and size distribution evaluation.
Sarah Shallcross is currently in the final year of her PhD at the University of Leeds. As part of her research she gathered ground-based lidar observations of the Mt Pinatubo volcanic aerosol plume from Mauna Loa and several mid-latitude sites, and used these datasets to evaluate interactive stratospheric aerosol model simulations
5 Track record of the Barcelona Supercomputing Center (BSC)

The Barcelona Supercomputing Centre (BSC) is the Spanish national supercomputing facility and a hosting member of the PRACE distributed supercomputing infrastructure. The Centre houses MareNostrum, one of the most powerful supercomputers in Europe. The mission of BSC is to research,develop and manage information technologies in order to facilitate scientific progress. BSC combines HPC service provision, and R&D into both computer and computational science (life, earth andengineering sciences) under one roof. The BSC Earth Sciences Department (ES-BSC) focuses on high-resolution air quality and meteorological modelling, global and regional mineral dust modelling as well as global and regional climate modelling. The department has a wide experience in running operational atmospheric forecasting systems and delivering timely and quality forecasts, observations, information and knowledge to users. The ES-BSC currently hosts the CALIOPE air quality forecast system (http://www.bsc.es/caliope), the Barcelona Dust Forecast Centre (http://dust.aemet.es) and the WMO Regional Center Northen Africa-Middle
East-Europe for the Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS) (http://sds-was.aemet.es). The department also facilitates knowledge and technology transfer of state-of-the-art research and develops services for renewable energy, urban development, infrastructure, transport, insurance, health and agriculture. Another major activity in the ES-BSC is the development of the online multi-scale NMMB/BSC Chemical Transport Model, which has participated in the AQMEII-Phase2 intercomparison exercise and provides routine products of global aerosols to the ICAP multi-model ensemble. BSC is part of the CAMS84 (validation), CAMS81 (emissions) and CAMS95 projects. BSC’s share of the project is about 7%.

Jeronimo Escribano has completed his PhD on the inversion of regional dust aerosol fluxes over Northern Africa in 2016. Since then, he worked in the first phase of CAMS_43, on work package 43.3, which aims at studying the potential of radiance assimilation for aerosols. His unique blend of data assimilation, radiation and aerosol expertise enabled him to successfully carry out the ambitious program of this work package. Jeronimo has joined BSC in the summer of 2018 and is now working on aerosol lidar data assimilation there.

Enza di Tomaso is a researcher in the Atmospheric Composition Group specialized on mineral dust and data assimilation. Enza was a leading force behind the implementation of the data assimilation system of one of BSC’s aerosol model, NMMB-MONARCH. Before that, during her stay at ECMWF, she specialized in radiance assimilation. 

Carlos Perez Garcia Pando is the leader of the Atmospheric Composition group at the Earth Science department of BSC. Carlos is also an AXA Professor on Sand and Dust Storms. Carlos’s internationally recognized expertise on dust modelling will be very useful to the project.

6 Track record of the Royal Netherlands Meteorological Institute (KNMI)

The Royal Netherlands Meteorological Institute (KNMI) is the Dutch national weather service and centre for climate research. The institute combines in house operational as well as strategic research tasks. As an integral part of the Ministry of Infrastructure and Environment KNMI provides advice on weather and climate to national, regional and local authorities on a day-to-day basis. KNMI is participating in many European projects on both climate and space research and keeps close ties with many of its stakeholders.
Within the division Research and Development, Weather and Climate Modelling, the TM5 chemistry and aerosol model (http://tm.knmi.nl) has been developed and maintained, which forms an important building block in many modelling and retrieval applications. As part of a Europe-wide consortium KNMI is one of the lead developers of EC-Earth, an Earth System Model to study future climate, with contributions to international climate change projections such as CMIP5.
KNMI has a long-standing experience and expertise with satellite missions observing atmospheric composition, and has been involved during phases of the CAMS development. KNMI is currently leading the CAMS_42 tender on Global Reactive Gases, CAMS_84 tender on Global and Regional a posteriori Validation. Furthermore, it is subcontractor in CAMS_50 (regional air quality production), contributes to a CAMS_95 use case to provide city-scale air pollution forecasts. KNMI further hosts the Principal Investigator for the Sentinel-5 Precursor (TROPOMI). 
KNMI’s offices are in De Bilt (Netherlands); KNMI’s share of the project is about 5%.

Vincent Huijnen is a senior scientist within the section Research and Development, Weather and Climate modelling, working in the field of atmospheric composition modelling. Vincent has built up about a decade of research experience in the field of atmospheric chemistry and leads the CAMS_42 tender, recently in particularly close collaboration with the aerosol modelling component in CAMS. Prior to this, Vincent has played a major role in the development the integrated chemistry within the IFS using the chemistry from TM5. As part of the MACC global validation subproject Vincent has coordinated the production of near-real time validation reports.

7 Track record of OB consulting

Olivier Boucher, consultant with a special focus on providing guidance for WP43.3, was the project leader of the first phase of CAMS_43. Olivier is a recognized international authority on almost all aspects of aerosol modelling with 25 years of experience in aerosol research. Olivier has contributed to the development of several aerosol models (LMD model, described in 85; M7, described in 121 and the S3A stratospheric aerosol model, described in 61). He designed the current aerosol scheme of the IFS (IFS-AER) with J.-J. Morcrette and has co-ordinated the AEROSOL sub-project of the EU funded Global and regional Earth-system Monitoring using Satellite and in-situ data (GEMS, from 2005 to 2009) and Monitoring Atmospheric Composition and Climate (MACC-I,-II and –III, from 2009 to 2015) projects. He is the author or co-author of more than 200 peer-reviewed publications covering many aspects of aerosol-radiation-cloud-precipitation-vegetation-climate interactions. Olivier has a strong management experience both from his previous job as Head of the Climate, Chemistry and Ecosystems team at the Met Office and his current job in France (e.g. as responsible of the IPSL Climate Modelling Centre, see https://cmc.ipsl.fr). He has led or participated to numerous scientific projects related to aerosol modelling, aerosol-radiation-cloud interactions, atmospheric composition and their impacts on meteorology and climate. He has published a reference textbook entitled “Atmospheric Aerosols: Properties and Climate Impacts” (Springer, 350 pp., 2015). Olivier was listed among the world’s most influential scientific minds (Thomson-Reuters) in 2014 and the Highly Cited Researchers (Clarivate Analytics) every year since 2014. He also received the outstanding young scientist awards from the EGU in 2004, the Met Office leadership award in 2010, the Harry Otten prize for meteorology in 2015. He is a regular contributor to the IPCC work, including recently as Coordinating Lead Author of the “Clouds and Aerosols” chapter of the Fifth Assessment Report, and as such contributed to the Nobel Peace Prize received by the IPCC in 2007. 
Olivier will contribute to the CAMS_43 extension in a responsive manner through OB consulting as self-employed. Olivier is based in Paris and his share of the project’s funding is around 1%.
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Our proposed team is mostly a continuation of the team who led successfully the first phase of CAMS_43: as such it is well-placed to deliver on all components of the development of global aerosol aspects. The team has already a solid experience with aerosol model developments from the CAMS_43, MACC and GEMS projects. It has also been reshaped to match as best as possible the requirements for this project. The team members have a long experience in working together and with the Global Service Provider. MF-CNRM and the Global Service Provider share the same IFS code, which is used in different configurations in the two institutes. Furthermore HYGEOS and KNMI already collaborate on a number of common topics between aerosol and chemical models in the IFS (wet and dry deposition, sulfates, nitrates, secondary organics). The partners are thus able to mobilize the resources and skills required for the implementation of the CAMS_43 developments relating to aerosol modelling, data assimilation and atmospheric radiative transfer.
Our core team is composed of thirteen research scientists from six research centres: Samuel Rémy, Olivier Boucher, Michael Schulz, Augustin Mortier, Graham Mann, Kamalika Sengupta, Sarah Shallcross, Jeronimo Escribano, Enza Di Tomaso, Carlos Perez Garcia Pando, Pierre Nabat, Martine Michou and Vincent Huijnen. Our team was designed to be small enough to be united, while covering all aspect of the CAMS_43 tender: aerosol parametrization and modelling, knowledge of the IFS system, data assimilation, radiative transfer, modelling of chemical processes and aerosol alert service. Our team is also well connected to and collaborates with several other aerosol and air quality modelling teams such as IPSL/LSCE, NASA, University of Lille, University of Reading, and Met Office and can draw on their expertise in relevant domains. The administrative and financial aspects of the projects that concern HYGEOS will be taken care of by Silvia Jacob. Silvia can draw on nearly 10 years’ experience in managing projects for, among others, the European Space Agency (ESA), the European Commission and several French research funding agencies.
Samuel Remy will be our team leader and prime investigator. He will devote all of his time to CAMS_43 and will manage work packages 43.0, 43.2 and 43.5. He will also co-manage work packages 43.1, 43.3 and 43.4 and will contribute to most of the deliverables of the project. His involvement in the aerosol subprojects of MACC-II and III as well as his experience in CAMS_43 phase 1 provided him with an in-depth knowledge of user requirement for aerosol products, the current state of the IFS and aerosol modelling around the world. As such, he is ideally suited to the position of prime investigator and to lead a team that will propose and implement a roadmap towards an improvement of the aerosol modelling and data assimilation system, with the aim of providing state-of-the-art aerosol developments that form the bedrock of the CAMS aerosol products and services. Samuel is also a core member of the InDust COST action, which ensures a strong connexion to the dust observation and modelling communities. 
Olivier Boucher will provide overall guidance and general advice, but will also be responsible of the quality assurance of the deliverables, especially but not exclusively for work package 43.3. His solid experience in aerosol modelling, data assimilation and radiative transfer, together with his experience as the coordinator of the first phase of CAMS_43, will ensure a smooth transition to the second phase of CAMS_43.
Vincent Huijnen possesses a strong expertise in modelling of chemical processes, in running simulations with the IFS and coupled aerosol with chemistry, and in working in the ECMWF environment. He is also the coordinator of CAMS42 (global chemical aspects): his experience of chemistry modelling and of how it impacts and is impacted by aerosols will be useful for several deliverables that involve work on both the chemistry and aerosol modules of the IFS. His knowledge of the IFS code also ensures that the developments at the interface between aerosols and chemistry will be smoothly implemented and tested.
Pierre Nabat has been involved in aerosol modelling for about seven years, in different climate models including interactive aerosol schemes (RegCM, CNRM-RCSM, CNRM-CM). These last two models use an implemented version of the IFS-AER aerosol module. 
Martine Michou has been working on atmospheric composition modelling for about 15 years, first on gaseous chemistry then on aerosols. Since about 5 years, she uses the CNRM climate system, CNRM-CM, whose most recent version CNRM-CM6 is based on cycle 37 of the IFS NWP model. She is familiar with the IFS-AER aerosol module, as she implemented a version of it in CNRM-CM. Since this implementation, she has been mainly working on aerosol modelling at CNRM. Martine and Pierre’s experience and interest in the development of the aerosol scheme of IFS-AER will contribute to the success of Work Package 43.1.
Dr. Graham Mann has over 18 years professional research experience in atmospheric science and has an established track record of research direction, having been lead or co-supervisor of 4 previous and 3 current PhD studentships and providing ongoing training and support to a range of researchers in the global aerosol and chemistry modelling groups at the University of Leeds. He co-ordinates the development of the GLOMAP-mode aerosol microphysics scheme, as implemented in the TOMCAT chemistry transport model, the UM-UKCA composition-climate model and within the IFS. 
Jeronimo Escribano has been behind the success of work package 43.3 during the first phase. Jeronimo agreed to spend a significant fraction of his time on the same work package during the second phase.
Enza Di Tomaso is an experienced researcher and has a strong expertise in aerosol modelling, in aerosol data assimilation and in radiance assimilation. Jeronimo and Enza are working closely together and will share expertise on work package 43.3.
Michael Schulz is in an ideal position to deliver on the aerosol warning service that is part of Work Package 43.4, as he is currently responsible for the aerosol alert service in the first phase of CAMS_43. His 20 years’ experience in aerosol model development and his links with the CAMS project dedicated to validation of the products of the Global and Regional projects will be invaluable, as are his links with various aerosol modelling communities through the AEROCOM project which he co-manages. This direct link to AEROCOM will ensure that the WP43.1 can have quick feedbacks on aerosol model development and also help the participation to the AEROCOM experiments.
Augustin Mortier has been the main researcher and developed working on the aerosol alert service during phase 1. His experience and skill in upgrading this system will ensure that the deliverables associated with the aerosol alert service will be successfully carried out.
The personnel involved in phase 2 of CAMS_43 are:
1 HYGEOS: Samuel Remy and Silvia Jacob
2 Météo-France: Pierre Nabat and Martine Michou
3 KNMI : Vincent Huijnen
4 BSC : Jeronimo Escribano, Enza Di Tomaso and Carlos Perez Garcia Pando
5 MET Norway: Michael Schulz and Augustin Mortier
6 University of Leeds: Graham Mann, Kamalika Sengupta and Sarah Shallcross
7 OB Consulting: Olivier Boucher




A summary of the HR profiles of each of these contributors and their qualifications are detailed in Table 1.
[bookmark: _Ref421538422]Table 1: HR Profiles
	Title[footnoteRef:1] [1:  e.g. Contract Manager, Team Leader, Scientist, Analyst etc.] 

	Broad description of work in relation to Service
	List of personnel who fit the profile and whose CVs are submitted with tender
	Qualifications
	Effort / engagement in months[footnoteRef:2] [2:  Figures included here should be consistent with the ones in other tables throughout this document, as well as with the ones in Volume IIIA (Pricing Table).] 


	Prime Investigator – Service manager
	Coordinator  and service manager of the project. Link to users and with ECMWF. Manager of WP43.0, 2 and 5. Co-manager of WP43.1, 3 and 4. 
	Samuel Remy, HYGEOS
	Service manager and full time contributor to CAMS_43 phase 1. Involved in the AER sub-project of MACC-II and III. Strong aerosol and IFS expertise
	33

	Senior team member
	Co-manager of WP43.1; responsible or involved in the deliverables with a chemical component
	Vincent Huijnen, KNMI
	Expert on chemical modelling and on the IFS system. Coordinator of the CAMS42 project;  involved in MACC.
	3.36

	Senior team member
	Involved or responsible of IFS-GLOMAP and stratospheric deliverables
	Graham Mann
	Expert in tropospheric and stratospheric aerosol modelling
	1.65

	Contributor
	Co-manager of WP43.3
	Olivier Boucher
	Coordinator of the AER sub-project of the GEMS, MACC, MACC-II and MACC-III projects. Strong aerosol expertise.
	0.75

	Contributor
	Co-manager of WP43.4
	Michael Schulz
	Manager of the current aerosol alert service in CAMS_43 phase 1 and co-manager of Aerocom
	1.2

	Contributor
	WP43.4
	Augustin Mortier
	Aerosol modelling expert; main developed of the aerosol alert service during CAMS_43 phase 1
	7.7

	Contributors
	WP43.1
	Pierre Nabat

Martine Michou

Météo-France non permanent junior scientist
	Aerosol modelling expert
Aerosol modelling expert
	1.3

1


12

	Contributor
	WP43.3
	Jeronimo Escribano
Enza Di Tomaso
	Aerosol data assimilation experts; main contributor to WP3 during CAMS_43 phase 1 (Jeronimo)
	7.75

	Contributor
	WP43.1
	Kamalika Sengupta

Sarah Shalcross
	
	2

2

	Administrator
	WP43.0
	Silvia Jacob, HYGEOS
	Administrator at HYGEOS
	3.3



[bookmark: _Toc528661952]CV’s of Key Personnel

List of CVs of the key personnel involved in the proposal for CAMS_43 phase2:
1.  HYGEOS		: Samuel REMY
2. OB consulting		: Olivier BOUCHER
3. KNMI			: Vincent HUIJNEN
4. MET Norway		: Michael SCHULZ
5. MET Norway		: Augustin MORTIER
6. Météo-France		: Pierre NABAT
7. Météo-France		: Martine MICHOU
8. ULeeds			: Graham MANN
9. ULeeds			: Kamalika Sengupta
10. BSC			: Jeronimo ESCRIBANO
11. BSC			: Enza DI TOMASO
12. BSC			: Carlos Perez Garcia Pando










[image: ]


[image: ]



[image: ]

[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]


[image: ]

[image: ]





[image: ]


[image: ]


[image: ]


[image: ]


[image: ]

[image: ]


[image: ]
[bookmark: _Toc528661953]Technical Solution Proposed
[bookmark: _Toc528661954]Introduction
The Copernicus Atmospheric Monitoring Service (CAMS) is a key element of the Copernicus program of the European Union. It is operated through a delegation agreement by ECMWF (alongside the Copernicus Climate Change Service or C3S) and delivers high quality forecasts, analysis and re-analysis of atmospheric composition to a wide range of users, available at https://atmosphere.copernicus.eu/. These are used in many ways: providing air quality analysis and forecasts to individuals and companies, supplementing observations where they are not available, as input for regional and local modelling communities, news network, monitoring of extreme events such as the fires in the US in the summer 2018 or the fires associated with the El Niño event of the autumn 2015 (48), etc. As such, the CAMS program benefits citizens in and outside Europe, who can access freely to atmospheric composition forecasts and analysis; the atmospheric composition and climate scientific community, who use these products, and also businesses who can propose high-end products to specific users based on CAMS products. Fostering a business ecosystem based on CAMS products is one of the objectives of the program. The User Exhibition session during the CAMS 3rd general assembly in Lisbon proved that this objective is progressing well and fast. 
CAMS provides both global atmospheric composition products, using the Integrated Forecasting System (IFS) of ECMWF, and regional European products, provided by an ensemble of seven regional models (79). CAMS uses data assimilation techniques to blend in a large range of observations (ground based, and from satellites, radiosondes, ships, buoys, etc.) with simulations (12, 51 and 52). The analysis and re-analysis products provided by CAMS can be described as an optimal combination of model and observations, associating the strengths of both: the global availability in both time and space of modelled values with the information about the state of the atmosphere contained in observations. The IFS uses a 4Dvar data assimilation algorithm to provide initial conditions and analysis. For aerosols, the current operational data assimilation uses observations of Aerosol Optical Depth (AOD) at 550 nm, from the MODIS sensors on-board NASA’s Aqua and Terra satellites (100,  105), and more recently from the Polar Multi-sensor Aerosol Product (PMAP). Other aerosol products such as the optical depth provided by Sentinel 3 or from the Visible Infrared Imaging Radiometer Suite (VIIRS; 53 and 127) sensor are being monitored for future assimilation.
Within the framework of CAMS, ECMWF delivers routinely a near-real time (NRT) global analysis and forecast of a set of atmospheric composition products with forecast times up to 120 h. Global reanalysis are also performed every few years. The CAMS Reanalysis (CAMSRA) is the latest such reanalysis and cover the years 2003 to 2017 (52); it has been made available to the public in September 2018. It follows the CAMS interim Reanalysis (31) and the MACC Reanalysis (51). As global homogeneous datasets, the CAMS reanalyses find numerous research and non-research applications. 
While CAMS is operated by ECMWF, a number of subcontractors assist ECMWF in the various tasks involved. During the first phase of CAMS, ECMWF subcontracted activities related to, among others, the operation of regional models (CAMS50, coordinated by Météo-France), the validation of global and regional products (CAMS84, led by KNMI), the production of global and regional emission datasets (CAMS81, led by CNRS), the development of fire emission products (CAMS44, led by MPI-M), the development of global reactive gases aspects (CAMS42, led by KNMI), and the development of global aerosol aspects (CAMS_43, led by CNRS). The subcontractors work with ECMWF and also collaborate between themselves, such as the very fruitful collaboration developed between CAMS42 and CAMS_43 during the first phase. These contracts are currently being extended or re-advertised through dedicated ITTs.
Most of the activities of CAMS_43 relate directly or indirectly to the Integrated Forecasting System (IFS). The IFS is the Numerical Weather Prediction of ECMWF and contain extensions for predicting aerosol, trace gases and greenhouse gases. For aerosols, two schemes are available: IFS-AER, a simple bulk-bin scheme that is used for operational products, and the more complex modal scheme IFS-GLOMAP. IFS-AER simulates five aerosol species – dust, sea-salt, organic matter, black carbon and sulphate – and 12 prognostic variables, as described in 85. Emissions are computed dynamically for dust and sea-salt; provided by the Global Fire Assimilation System (GFAS; 57) for biomass burning emissions of black and organic carbon, or prescribed by ancillary datasets for other emissions. Three new species: nitrate, ammonium and Secondary Organic Aerosols (SOA) have been recently included. IFS-AER can be coupled with IFS-CB05 (32 and 46 for CB05), the latter providing the concentration of precursor gases for nitrate and SOA and the sulfate oxidation rates, the former providing input for heterogeneous chemical reactions at the surface of aerosols. During the first phase of CAMS_43, almost all of the components of IFS-AER have been reviewed and improved, which resulted in improvements of the operational global aerosol products delivered by ECMWF, from the NRT system and the CAMS reanalysis.
GLOMAP is a modal aerosol microphysics scheme and is comprehensively described in 72 as implemented in the TOMCAT chemistry transport model. GLOMAP includes gaseous and aqueous chemistry and provides mixing ratios and number concentration of aerosols, but additionally includes microphysical processes such as new particle formation, coagulation, condensation and cloud processing, known to be key to capturing aerosol radiative forcings in the troposphere stratosphere (e.g. 26). GLOMAP is also implemented in the UM-UKCA composition-climate model  and was integrated into the IFS during the 1st two phases of the MACC project. Since then, the IFS-GLOMAP has been regularly ported to successive cycles until it was included in the operational cycle 45R2 branch, with assistance from CAMS_43. A number of improvements in source and sink processes were brought to IFS-GLOMAP as part of CAMS_43, which increased its skill in forecasting AOD close to the levels reached by IFS-AER. The code was also optimized, leading to a drastic decrease of the computing cost associated with running IFS-GLOMAP.
Aerosols released by volcanic eruptions can be simulated with both IFS-AER and IFS-GLOMAP, with different levels of complexity. The integration of IFS-GLOMAP in the volcanic aerosol framework was achieved during the first phase of CAMS_43, and the two schemes were tested and compared with two cases of volcanic eruptions.
Our philosophy when developing the IFS aerosol schemes is guided by three main principles: 
· Developments are made with a possible operational application in mind, and must result in an improvement of the skill scores against observations,
· Achieve a convergence between the IFS-AER and IFS-GLOMAP codes where it is relevant. The idea is to maintain one bin scheme (IFS-AER) and one modal scheme (IFS-GLOMAP) but share as much as possible the other components of these two aerosol schemes.
· Establish a stronger coupling between the aerosol and chemistry schemes. This concerns the precursor gases as well as production rates provided by the chemistry scheme, but also processes such as dry and wet deposition which are physically close in the two schemes.
The content of CAMS_43 has been organized in five Work Packages, as prescribed by the Global Service Provider in the tender document, plus one Work Package dedicated to management. The work schedule and Work Package deliverables are detailed in the implementation section. Each of the Work Packages has been divided into tasks, which constitute coherent work units. A set of Key Performance Indicators (KPI) has been defined; these indicators will be detailed in the management and implementation section.

Work Package 43.1 – Modelling aspects
General aspects
In the organization of the activities of this Work Package, detailed below, we will try to share work as much as possible on the two aerosol schemes IFS-AER and IFS-GLOMAP. Special emphasis will be put on validating the proposed modifications in free running mode against observations of AOD, particulate matter (PM), and speciated surface concentration where available. Some of the proposed improvements will be first tested and implemented in CNRM-CM, which also includes an aerosol scheme adapted from IFS-AER, and then transferred and validated within the IFS. 
Most of the planned developments are intended for possible operational use and thus requires an in-depth evaluation to ensure that the skill of the model is improved. The evaluation of the new developments will be carried out by the CAMS_43 team using observations of PM2.5, PM10, AOD and speciated surface concentrations. Comparisons against speciated aerosol mass mixing ratio collected during the Atmospheric Tomography Mission (ATom) field campaign (66) will be used to provide evaluation on the vertical distribution of speciated aerosols. This information will help preventing improving AOD while degrading individual aerosol species. During phase 2, ECMWF will have the possibility to operate the aerosol evaluation tools from CAMS84 (validation); this will be very useful to evaluate the new developments in a way entirely consistent with the CAMS84 validation reports. Finally, CAMS_43 will encourage participation to model intercomparison exercises such as the ones carried out in the Aerocom program. Michael Schulz is the PI of Aerocom and will keep the CAMS_43 team informed of the future AEROCOM experiments. In particular, participation to the Aerocom control 2019 experiment with simulations from IFS-AER and IFS-GLOMAP will be very beneficial to assess the strengths and weakness of both schemes as compared to their international peers.
Figure 2 summarizes the work flow between the different entities in Work Package 1. HYGEOS will be centralizing the contributions from all the subcontractors, except KNMI who also can contribute directly to the IFS.IFS-AER @ ECMWF
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Figure 2: Schematic of the model parameterization work.

Task 1.1: Improvement of primary aerosol sources 
 The dust schemes of IFS-AER and IFS-GLOMAP have been updated during the first phase following the approach described in (88). The new scheme is based on the brittle fragmentation theory of (62) for the size distribution of dust particles at emission, and on the scheme from (81) for the saltation process. The dust scheme will be updated following two directions. The first will be to adapt, implement and test the more recent dust emission scheme of (62) which offers several potential advantages. Its only inputs are the friction velocity and the soil’s threshold friction velocity. This scheme accounts for two processes missing from most existing parameterizations: a soil's increased ability to produce dust under saltation bombardment as it becomes more erodible, and the increased scaling of the dust flux with wind speed as a soil becomes less erodible.  Since this scheme is known to be more sensitive to surface moisture, special care will be taken to assess the impact of this input the scheme. The current formulation of the friction velocity used as an input of the dust scheme takes into account the impact of the wind variability at scales comparable to or lower than the model resolution (the so-called wind gustiness). Wind gustiness is currently estimated through the surface sensible and latent heat fluxes. An important source of dust emissions caused by cold pools or haboobs (e.g. 42) is not currently taken into account. Use of information from the convection schemes of the IFS in the estimation of wind gustiness in order as to better represent the dust emission from cold pools will be attempted, following the work of (91) and (92). Comparisons to very high resolution simulations with the IFS, in which the resolved part of convection is higher, will also be carried out.
The sea-salt aerosol emission schemes of IFS-AER and IFS-GLOMAP follow the approach of (36), as implemented during the first phase of CAMS_43. The emissions are parameterized as a function of surface wind and sea-surface temperature. However, the underlying physical phenomena leading to the formation of sea-salt aerosols are usually described as a function of the whitecap fraction (69; 80). Most sea-salt aerosol schemes, including the current and former operational schemes, estimate the whitecap unit area as a function of surface wind. There is however increasing evidence that neither the production of aerosol per unit area whitecap nor the lifetime of a whitecap are independent of the scale of wave breaking or other water properties (24, 89 and others). A more direct parameterization to estimate the whitecap unit area using wave characteristics provided by the WAve Model of the IFS (WAM) can be envisaged. How to relate the output of WAM to the whitecap unit area will be investigated; an approach similar to the one described in (90), based on the wave roughness, could be tested. The simulated whitecap unit area and its relation to surface winds will be compared to observational datasets from Quickscat as in (2) and (18). This work could form the basis for an entirely new sea-salt aerosol emission scheme. The sea-salt aerosol emissions can further be modulated by the surface salinity, which could be provided by the NEMO ocean model. The evaluation of this potential new scheme will be carried out using observations of AOD, PM2.5 and PM10 and also surface concentration of Na+ from the EMEP and CASTNET networks. 
Carbonaceous aerosols are divided in the IFS, and in most aerosol schemes, between black carbon, which is supposed to be absorbing, and organic carbon, which is supposed to be mostly scattering. Recent studies (3) showed that a fraction of organic carbon could absorb solar radiation, especially at ultra violet wavelengths (below 400 nm). A recent paper (123) estimated that this fraction, which has been called “brown carbon”, contributes around 40% of seasonal absorption at 440nm. A large part of brown carbon appears to be emitted by biomass-burning (41). Two recent attempts are modelling brown carbon, in GEOS-CHEM (54, 124) and in CAM5 (16, 102, 103), the latter playing only on optical properties of organic matter. A review of the literature will be carried out and several options will be proposed to ECMWF and discussed. These will include (but may not be limited to): adding a prognostic brown carbon species, review of the optical properties of the organic matter species, which are already slightly absorbing, to take better into account the brown carbon radiative contribution as estimated in (123).
Task 1.2: Improvement of secondary aerosol sources 
During the first phase of CAMS_43, a new Secondary Organic Aerosol (SOA) species was implemented, with distinct optical properties and sinks. This new species is currently fed by emissions that are scaled on CO emissions following (111). During phase 2, the SOA formation to both IFS-AER and IFS-GLOMAP will be provided through coupling to the chemistry module provided by CAMS42. For this, the chemistry module will be extended as needed to include parameterizations for the degradation of aromatics, and a solver to describe the equilibrium between secondary organic precursor gases and the corresponding aerosol.
This implementation will be optimized for operational application, through limiting the amount of aerosol precursor gases to three. The production efficiency of secondary aerosol will be benchmarked against literature such as (43), (118) and (109), and its implementation evaluated against surface observations where available. These speciated observations will include surface organic carbon observations from the Interagency Monitoring of Protected Visual Environments (IMPROVE network) over continental USA as well as from the European Monitoring and Evaluation Programme (EMEP, 127) over Europe. These observations include both primary and secondary organics. Surface measurements of organic aerosol (OA) from the aerosol mass spectrometer (AMS) global network (https://sites.google.com/site/amsglobaldatabase/aircraft; 40) are available for the 2000-2008 period (131). A further analyzis has divided these measurements into two key organic aerosol type: oxygenated OA and hydrocarbon-like OA. The latter type is assumed to be directly comparable with model predicted SOA (43) and will be used for evaluation. AMS observations from selected flight campaigns that are available in the AMS global database will also be used.
The current simple SOA scheme uses direct emissions, scaled on non-biomass-burning CO emissions. This has brought an improvement in skill in AOD simulations over heavily populated areas, but also caused some extreme overestimation in PM forecasts in regions where CO emissions are high such as India and China, and could be the cause of an overestimation of intensity of the PM2.5 diurnal cycle. A rearrangement of this simple scheme will be carried out, with the introduction of a single, lumped SOA precursor gas, fed by static emissions, and converted into a single SOA prognostic variable using an e-folding time to be determined. A choice to use a single or two precursor and SOA prognostic variables, in order to account for biogenic and anthropogenic pathways will have to be made in discussion with ECMWF. The static emissions would then be based on SOA biogenic emissions from EDGAR for biogenic SOA, and from emissions scaled on CO for anthropogenic SOA. The final configuration for the SOA species will then look very much alike what is in place for the SO2/SO4 couple: when the IFS is run coupled with the chemistry, the SOA tracers are fed by dynamical emissions provided by the chemistry, when run uncoupled, an additional precursor gas is added and fed by static emissions. The aim of this modification is to try to retain the benefits of this SOA source in terms of AOD forecasts while limiting the impact on PM simulations.
During phase 1, a nitrate scheme adapted from (38), which represents both nitrate and ammonium production from gas partitioning, and coarse nitrate production from heterogeneous reactions, has been implemented in IFS-AER and IFS-GLOMAP. This scheme will be further evaluated, with a focus on the precursor gases, ammonia using satellite and ground observations, as in (120), and nitric acid. Its output will be also compared to a recent phase of Aerocom dedicated to nitrate (12) and to results presented in (9). Recent evaluation against observations of surface concentration of nitrate aerosol from EMEP and CASTNET also showed a generally high bias. Increasing the deposition of nitrate to account for the near-surface volatilization of ammonium nitrate, following (94) could help reducing this high bias.
Task 1.3 Stratospheric aerosol
This task is divided in two deliverables: evaluation and improvement of background stratospheric aerosols, and of stratospheric aerosols following a large eruption. The combined atmospheric system IFS-CB05-BASCOE-GLOMAP will be used for these tests. This complex system is able to represent both aerosols and chemistry, in the troposphere as well as in the stratosphere, and interactions between all of these components. The BASCOE chemistry (47) in this system has been extended to include the stratospheric Sulphur cycle (see Figure 3), following (26).
[image: image]
Figure 3: Primary atmospheric sulfur species and conversion reactions in gas (left part) and aqueous phase (right part). Grey arrows represent conversions mainly relevant in the troposphere, while black arrows indicate mainly stratospheric reactions. Important reactions are highlighted in bold. Figure from (67).
This system can be updated in two ways during the second phase of CAMS_43. Both concern the critical nucleation process whereby stratospheric sulfuric acid, a prognostic variable of BASCOE, is transformed into sulfate particles. This process is parameterized following (119). A newer parameterization is available from (71), which will be implemented in the system and tested. Nucleation takes place at time scales much shorter than the model time step, and in competition with condensation; which means that a time splitting scheme to represent the interaction of the two processes. A dynamical time splitting scheme to represent stratospheric nucleation and condensation in the Sectional Stratospheric Sulfate Aerosol (S3A) has been implemented by (61) into LMDZ; replacing the current fixed time-splitting scheme of GLOMAP with this scheme will be envisaged. It should be noted that the interaction with the radiation doesn’t exists yet in IFS-CB05-BASCOE-GLOMAP. This interaction is important for accurate simulations of stratospheric plumes; this work is however outside of the scope of CAMS_43. It is expected that ECMWF will carry out this task, with the assistance of CAMS_43.
To evaluate the skill of IFS-GLOMAP in simulated background stratospheric aerosols, we will assess stratospheric aerosol extinction in the mid-visible (550 nm) and near-infrared (1020 nm) in model simulations without any stratospheric injection of volcanic SO2 emissions.  The SAGE-II solar occultation instrument provides an excellent test for stratospheric aerosol models in this period, see for example chapter 6.5 of the SPARC Assessment of Stratospheric Aerosol Properties (ASAP report, 2006). The Particle size distribution in the quiescent stratospheric aerosol layer will also be compared to balloon-borne size distributions measurements from Laramie (NH mid-latitude) for the 1998-2002 quiescent period (25) and also to assess the Antarctic stratospheric aerosol layer in springtime above McMurdo station as in (19).
It is now established that the stratospheric aerosol layer comprises a large fraction of particles with
a refractory, non-volatile core (e.g. 87 and 125). The stratosphere-troposphere configuration of IFS-GLOMAP is able to represent heterogeneously nucleated particles
forming on meteoric smoke particles (MSPs) on the sixth mode, and only requires the monthly-varying 2D climatology of MSP number and mass mixing ratio to be included to 
enable IFS-GLOMAP to also represent the true mix of particles in the stratospheric
aerosol layer.  This climatology will be added as part of this deliverable and test the
fraction of non-volatile particles comparing to measurements of refractory aerosol number concentration from (127) that were already gathered by the University of Leeds to test simulations in UM-UKCA.
The Pinatubo eruption of June 1991 was the most important stratospheric volcanic eruption of the 20th century. Simulations of this eruptions from IFS-GLOMAP and IFS-AER will be assessed against several benchmark observational datasets of the volcanically-perturbed stratospheric aerosol layer, already gathered by the University of Leeds. This evaluation will focus on:
1. The variation in global burden of SO2 and sulfate in the model.

The first step to understanding the progressing of interactive stratospheric aerosol simulations of the Pinatubo volcanic cloud is to test the progression of the SO2 as it oxidises into sulphuric acid aerosol.  The satellite datasets from (37) test the oxidation and transport of the SO2 whilst the analysis of the operation High-resolution Infrared Sounder (HIRS) measurements from (6) tests the production and global transport of the particulate sulphuric acid aerosol.

2. Post-Pinatubo SAGE-II measurements of stratospheric aerosol extinction 
The 1991-1993 time-series of stratospheric aerosol extinction in the NH and SH mid-latitudes  provides a strong test for models that simulate stratospheric aerosol interactively, and this is the primary observational dataset to test the IFS-GLOMAP and IFS-AER Pinatubo case studies.  The Leeds group already applied these datasets for Pinatubo case study in the UM-UKCA composition-climate model (see 26 and 78) and we will apply these similarly here to test the evolving volcanic cloud through the first 3 years after the eruption.
3. 1991-1992 ground-based lidar observations in the tropics and NH mid-latitudes.
The Mauna Loa ground-based lidar provides the only observational dataset
to test the progression of the tropical reservoir of the Pinatubo major volcanic aerosol  plume, from which the mid-latitude stratospheric aerosol enhancements in both  hemispheres stem from.    During the first phase of CAMS_43, Leeds PhD student Sarah Shallcross has gathered the MLO lidar soundings during the first 9 months after the June 1991  eruption. Combining the MLO profiles with those from NH mid-latitude lidar sites in France (Alpes de Haute Provence) and North America (Table Mountain and Toronto), the datasets provide a strong test of the progression of the plume from an initially tropically-confined reservoir of volcanic aerosol to a globally-dispersed veil of enhanced aerosol cooling the surface and perturbing the chemistry of the stratosphere. This dataset will be used to provide a benchmark test for the extent and global dispersion of the Pinatubo volcanic aerosol cloud simulated by IFS-GLOMAP and IFS-AER.

Depending on the result of these evaluations, simple corrective steps will be brought to the combined IFS-CB05-BASCOE-GLOMAP and IFS-AER systems; the impact of these modifications will also be evaluated. A shorter evaluation against the observations of the 2015 Calbuco eruption (7, 93, 113 and 132) as well as against other simulations of this eruption carried out during the first phase of CAMS_43, and by ECMWF using data assimilation of column SO2 from GOME-2 will be carried out.
 Task 1.4 Size distribution and optical properties
The IFS-GLOMAP size distribution will be evaluated against the observational datasets and multi-model “central diversity-range” from the Aerocom microphysics intercomparison following (73). The observational datasets are listed below:
1. Total particle number concentration (also known as Cloud Nuclei - CN concentrations) at Global Atmospheric Watch (GAW) sites
Here, we will compare the model to observations different measurements and switch-on the organic-mediated boundary layer nucleation parameterization (83) which is generally the default option to include in addition to the main binary homogeneous  nucleation always switched on in the model.
2. Size-resolved number concentrations compared to European supersite observations (EUSAAR, GUAN)
Aligned with the EUCAARI European integrated field campaign in 2008 (65), observations at several “aerosol supersites” produced a long-term record of particle size distribution that provides an ideal test for IFS-GLOMAP simulations across Europe (see 4 and 5).  
We will test the seasonal variation in the particle size distribution in IFS-GLOMAP, and 
understand how the coupling to the TM5 tropospheric chemistry (46) impacts the simulated seasonal cycle in Aitken and accumulation mode particle concentrations across Europe.
3. Vertical profile of particle size distribution in continental Europe and marine regions
In this part of the workplan we will evaluate the simulated vertical profile in particle concentrations from IFS-GLOMAP, comparing to conditions from field campaign measurements in EUCAARI LONGREX and to previous campaigns (e.g. from Lindenberg Aerosol Characterization Experiment,  92).   We will also test the IFS-GLOMAP simulated particle concentrations over marine regions comparing to aircraft observations over the Pacific and test particle concentrations BC profile over the Pacific, comparing to measurements  from the global climatologies established from the HiPPO series of field campaigns (107 and 108).
 There are currently six boundary layer nucleation options implemented in IFS-GLOMAP: the impact of these options on the particle size distribution will be evaluated, and recommendations for future use depending on the result of this evaluation will be issued. Following this evaluation, simple corrective actions can be carried out if it appears that some problems with the size distribution can be easily remedied. The impact of these possible modifications will also be evaluated.
The aerosol optical properties in IFS-AER are currently computed using look-up tables of mass extinction, single scattering albedo and asymmetry factor computed using Mie Theory with assumptions of size distribution, density, hygroscopic growth and using a single refractive index for each species (varying with the water content). In IFS-GLOMAP, the UKCA_RADAER module computes dynamically the refractive index for each mode, using as input the refractive indexes of each species in the mode and their mass mixing ratio as well as the water content. Mass extinction, absorption and asymmetry factor are then retrieved in a look-up table that uses refractive indexes and size as entries. HYGEOS will assist ECMWF in reviewing the assumptions done when generating the look-up tables used in IFS-AER, and in particular to check if they are consistent with the size distribution assumptions used elsewhere in the model. 
The large uncertainty in mineral dust composition (e.g. 21) means that it is difficult to represent the radiative properties of this species with a single  refractive  index  fitting  different  part  of  the  world. A number of refractive indexes exist and have been tested in the IFS (29, 126). Recent studies (27 and 28) showed that the dust long wave refractive index depends on the mineralogy or the composition of dust itself, which is different for each dust source regions. A climatology of the main constituents of dust exists (55). This climatology will be used in an experimental version of the IFS to compute a climatology of airborne dust mineralogy, which can then be used in the IFS to provide information on the mineralogy of dust particles, in order to modulate the optical properties as a function of dust mineralogy. Moreover, although dust aerosols are supposed to be hydrophobic in both IFS-AER and IFS-GLOMAP, it has been shown the water uptake on dust aerosols becomes important, if air pollution interacts with dust outbreaks (1). This is consistent with observations of layers of activated dust observed over Germany, for example in October 2017 (Harald Flentje, in CAMS84 validation report of the o-suite for SON 2017). This again calls for the possibility of dynamically changing the optical properties of dust depending on its environment.
For brown carbon, as already mentioned, one possible direction for future development is to modulate the optical properties, as done in CAM5 (102). Black carbon in the atmosphere is most of the time internally mixed with other species: sulfate, organic, carbon, nitrate, which are added as layers of coating to the black carbon core. Even if these layers are not absorbing in the visible, they can act as a “focusing lens” (e.g. 103) for the incoming light and result in an increased absorption for the same unit mass of black carbon. Recent estimates of the absorption enhancement factor associated with this “lensing effect”, as a function of the degree of internal mixing have been produced (20). However using these would mean to make the optical properties of black carbon vary depending on the amount of other aerosol species present in the environment.
All of this suggests that adding a layer of complexity to better represent the variability of aerosol optical properties in the IFS is desirable, with the possibility of using the current assumption of external mixing and also, if some condition are met, to compute optical properties with a degree of internal mixing, following the approach of (23). Finding the appropriate conditions for shifting from external to internal mixing when computing the optical properties is a key part of this task: several conditions will be tested, such as the relative abundance of black carbon (proxy of coating formation), of sulfate, using the NOx/NO2 ratio (proxy of photochemical aging), or the ratio between the hydrophilic and hydrophobic fraction of black carbon and organic matter, which is a good measure of aging as it is parameterized in the model.
Tests with dynamically computed refractive indexes, aimed at better representing the dust, black carbon and possibly brown carbon optical properties, using code adapted from ECRAD or from the UKCA_RADAER component of IFS-GLOMAP will be carried out. To achieve this, look–up tables of mass absorption, extinction and asymmetry as function of real and imaginary refractive index and particle diameter will be generated using ECRAD. The use of dynamically computed refractive indexes would have consequences also on the data assimilation side, since an adjoint and tangent linear versions of this eventual code would need to be developed by ECMWF. This would not be very different from the tangent linear and adjoint code of ukca_radaer developed recently by ECMWF when integrating IFS-GLOMAP into the 4Dvar data assimilation framework.
Task 1.4 Targeted improvements
We provision some manpower in this task to make targeted improvement to the IFS-AER and/or the IFS-GLOMAP aerosol schemes as requested by the Global Service Provider in response to identified weaknesses or user requirements. This Task is preferentially scheduled for the third year of the project.
Task 1.5 Article submission
These developments will be presented and summarized in an article that will be submitted at the end of phase 2 in a peer-reviewed review such as Geophysical Model Developments (GMD).
Work Package 43.2 – Support for operational system upgrades
This Work Package describes how we aim to contribute to the operational model upgrades. There is an expectation that our effort is matched by a similar effort on the Global Service Provider side.
Task 2.1: Assistance to the Global Service Provider in setting up operational model cycles
This Task consists mainly in assisting the Global Service Provider in preparing and assessing new model cycles. This Work Package is closely linked with Work Package 43.1. In collaboration with the Global Service Provider, the Tenderer will set up model branches that include the latest updates of the aerosol model, based on the most up-to-date model cycle. Experiments will be carried out to evaluate these branches, both in near-real-time and in delayed mode. These experiments will be run without the data assimilation component of the IFS; tests in data assimilation mode are also needed but will be left to ECMWF because of the very high computational cost. Running in forecast-only mode allows a better understanding of the impact of the modifications brought by the Tenderer. Running with the full IFS allows to evaluate how the model changes and the data assimilation algorithm interact with each other, and to assess how the end product of IFS is affected by the modifications of the aerosol model.
Budgets of aerosols species and their precursors will be monitored all along the duration of the second phase of the CAMS_43 project for both the e-suite and o-suite. 
These experiments will be evaluated against surface observations of Aerosol Optical Depth (AOD) from the AERONET network (44), against PM observations provided by the Airnow and EEA networks, against observations of concentration at surface of speciated aerosols and finally against profiles of speciated aerosols obtained during the Atmospheric Tomography Mission (ATom) field campaign (66). Depending on the content of the updates, specific situations, such as desert storms or biomass burning situations for example, will also be simulated. Once this validation step is done, the model branch will be delivered to the Global Service Provider for inclusion into next model cycle. Assistance will be provided for this step and for the setting up of experimental suites. All the changes to the aerosol model will be documented, together with the results of the evaluation. 
Work package 43.3 – Data assimilation aspects
General aspects
Accurate calculations of top-of-atmosphere radiances (or equivalently reflectances) in the shortwave spectrum for an aerosol-laden clear-sky atmosphere are critical for passive remote sensing of aerosol properties using observations from spaceborne spectroradiometers such as MODIS, MISR, POLDER or VIIRS. The aerosol vertical profile is often prescribed in such satellite retrievals and a typical profile decreasing exponentially with height from the surface is usually assumed. This is because i) most of the aerosol optical depth is usually located in the boundary layer (i.e., lofted layers are the exception more than the norm) and ii) in first approximation clear-sky radiances in the shortwave spectrum do not depend ``too much’’ on the aerosol vertical profile. However, there are many documented occurrences of lofted layers, in particular for biomass burning and dust plumes (56, 95). Stratospheric aerosols can also be responsible for more complex aerosol profiles in periods following a large volcanic eruption (68). Moreover, the relative insensitivity of radiances to the aerosol vertical profile is known to break down for the shortest wavelengths and in the case of two layers of aerosols of different types (especially when one aerosol type is more absorbing and one aerosol type is more scattering). It is becoming important to quantify this dependence because there is a growing interest in assimilating clear-sky radiances to constrain aerosol properties in numerical atmospheric composition prediction models (11). Since such models contain a priori information on the aerosol vertical profile, it makes sense to use such information in the data assimilation operator that converts the model variables (aerosol concentrations and properties on the model vertical levels) into the observables (top-of-atmosphere radiances at a number of wavelengths). Furthermore this would allow synergetic use of several types of observations, e.g. radiances in both the shortwave spectrum and in the infrared, or radiances and a lidar attenuated backscatter signal. Since both radiances in the infrared and the lidar signal depend critically on the aerosol vertical profile, it makes sense to tease out any dependency that may also arise in the shortwave spectrum, even if it is small.
Radiance assimilation in a 1D-Var scheme could be beneficial and overpass the current assumptions of AOD assimilation only if the observation operator is able to deal with the complexity of several aerosol species and vertical profiles. Additionally, the information provided by the observations has to be balanced with the choice of the control variables and the information provided by the prior. The control vector must be defined depending on the quality and quantity of the observations and of the prior. 
Task 3.1: Selection of a radiative transfer code and implementation into a standalone 1D-Var assimilation system for aerosol
This task concerns the choice of the short-wave radiative transfer model to be used in the 1D-Var. Three potential radiative transfer models (RTMs) candidates are already available at ECMWF: Radiative Transfer for TOVs (RTTOV; 104), Forward-Lobe Two-Stream Radiance Model (FLOTSAM, developed at ECMWF by R. Hogan and A. Bozzo), and Oxford RAL Aerosol and Cloud (ORAC, 114). 
RTTOV includes short-wave radiative transfer calculations and is suited for variational assimilation. However, as it is based on the discrete ordinate method, it is not expected to be sufficiently fast for reflectance assimilation, as shown during the benchmarking exercise carried out during the first phase of CAMS_43 (30).
The ORAC model is an interesting candidate. ORAC is a fast RTM based on look-up-tables (LUTs) of pre-calculated radiances. The quantity and the size of LUTs to be used depend on the needs of the Global Service Provider. For example, large size LUTs it is expected to be needed to retrieve aerosol vertical profile information in the 1D-Var scheme. Similarly, this would be the case also if one had to control the aerosol size distribution or multiple aerosol species. Additionally, in case of being selected, ORAC inputs that fit with the IFS configuration have to be provided by the Global Service Provider. 
FLOTSAM is a fast and relatively accurate RTM and is therefore very suited for this task as shown in the benchmarking exercise (30). Tangent linear and adjoint codes for FLOTSAM have been already implemented, which makes it a strong candidate for the implementation in the 1D-Var. Furthermore, FLOTSAM does not require LUTs. 
The choice between implementing FLOTSAM or ORAC in the 1D-Var will be discussed with ECMWF. The standalone 1D-Var assimilation setup developed by this task will be based on the 1D-Var code developed in the first phase of CAMS_43, which is presented in Figure 4. The interface between the 1D-Var scheme and the selected RTM will be developed in collaboration with the Global Service Provider.Meteorological and chemical input from IFS
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Figure 4: schematic view of the aerosol 1D-Var retrieval algorithm

Task 3.2: Report on multi-wavelength data assimilation
Multi-wavelengths data assimilation is a promising endeavour since it can potentially provide information about the aerosol vertical profile and aerosol size distribution. In this task, the 1D-Var system will be applied to synthetic observations with known truth values of aerosol profiles and aerosol types (including size distribution). Synthetic observations will be generated either with the selected radiative transfer code or with DISORT (or CDISORT). Experiments related to this task will include tests regarding the gain of using multi-wavelength or multi-geometry observations against a single wavelength or a single viewing geometry. 
The following minimum set of experiments will be performed: 
1. For a single and mono-modal aerosol type, the median radius of the size distribution will be controlled. The vertical profile and aerosol optical depth will be assumed as truth. 
2. For a bi-modal externally mixed aerosol, AOD per aerosol type will be controlled. The vertical profile and aerosol optical depth will be assumed as truth.
3. For a single aerosol type, the vertical profile of the aerosol optical thickness will be controlled. The size distribution will be assumed as truth.
For these cases, the quality of the analyses will be estimated and reported as a function of the prescribed observational error, the number of wavelengths and viewing geometries. 
Given the non-convexity of the cost function in the reflectance assimilation problem (due to the non-linearity of the observation operator), we expect that a 1D-Var assimilation might not succeed when the aerosol size distribution is taken into account. In this case, if the prior is not close to the truth, the most common gradient-based minimization algorithms such as the Broyden-Fletcher-Goldfarb-Shanno (BFGS; 17) or conjugate-gradient methods will likely retrieve a local minimum different from the expected global minimum (supposedly close to the truth). For this reason, this task is crucial in defining an appropriate control vector for the 1D-Var scheme, and to evaluate the trade-off between considered multi-wavelength or multi-geometry observations. 
Task 3.3 Test and validation of the 1D-Var retrieval algorithm with real MODIS and VIIRS reflectances
The 1D-Var system will be applied to a selection of cases with observed clear-sky radiances from MODIS and VIIRS sensors. The RTM used will be selected in Task 3.1. Observational errors will be prescribed, and the surface reflectance will be taken from IFS. If needed, surface reflectance will be added to the control vector. Depending on the results of Task 3.2, the control vector will include total AOD, aerosol optical thickness per layer and possibly aerosol size distribution parameters (contributions from different bins of the IFS aerosol model for dust and sea-salt). Prior aerosol fields will be extracted from IFS simulations. The error covariance matrix will be designed according to the selection of the control vector. 
The aforementioned RTMs require information about the surface reflectance, the atmosphere and optical properties of the atmosphere itself, i.e. of aerosols and molecules for a clear-sky simulation. Aerosol optical properties such as single scattering albedo, mass extinction efficiency and phase function or phase function decomposition will be prescribed according to the values used in the IFS. An additional part of this task will be dedicated to compute the molecular optical properties from the atmospheric profile from IFS. For this, it is proposed to use simple and fast parameterizations of molecular absorption and scattering.
In principle, we will rely in the MODIS and VIIRS cloud mask to select clear-sky columns where the assimilation will be performed. We will ask the Global Service Provider to provide us with the MODIS cloud mask used for operational data assimilation of MODIS AODs. 
A validation strategy will be discussed with the Global Service Provider. It could be based on the use of the validation tools developed in CAMS 84 (validation). The analysed AOD can be compared with independent AERONET observations and with collocated MODIS or VIIRS AOD retrievals, which will also give an idea of the quality of the AOD provided by the 1D-Var as compared to the retrievals that use the same radiances.
Work Package 43.4 – Service evolution
This Work Package is dedicated to service evolution and is composed of two components: development, validation and operational running of an aerosol alert service on one hand, and delivery/evaluation and improvement of aerosol deposition products
Task 4.1: Automated aerosol alert system
Met Norway is responsible for the development of the Aerosol Alert Service in the first phase of CAMS 43. Global and regional alert maps are computed every day and are available via a web interface (CAMS-Aerocom aerosol alert interface). These maps show the aerosol alert level calculated with the global o-suite CAMS model, using the AOD output as compared to the climatology, and classified in four different alert classes (no event, high, very high and extreme events).  During the first phase, Met Norway developed a score for assessing the model skill in reproducing and forecasting the aerosol events, globally. This evaluation revealed an improvement of the model skill thanks to the different CAMS model updates between 2013 and 2016, with however contrasted performances within the different regions submitted to distinct types of aerosol events. The tenderer, through Met Norway, will continue to operate this automated aerosol alert system and pursue its development by focusing on three different points:
1. Graphical user interface improvement
The planned enrichment of the alert service with multiple types of aerosol alerts (species and air quality) will require a more flexible interface, both for the development phase and the front-end use. User feedback shall be captured and incorporated. Documentation of previous alerts shall also give added value to the service. Validation of the alerts shall be made visible for the users. Met Norway will take benefits of its recent experience in the development of dynamic web-tools (for example http://aerocom.met.no/trends) to develop a user-friendly interface with a navigation to the different products available within dynamic maps, using the openlayers library.
2. Speciation of the alerts
The current aerosol alert system relies on total AOD only. AOD is a vertically integrated parameter and is appropriate to detect any kind of extra-ordinary aerosol event since it is sensitive to aerosol events occurring in any altitude (dust storms, biomass burning particles, surface aerosol haze and pollution episodes), though it may fail to represent very high surface concentrations of aerosol, being present only at low levels. The AOD is also very suitable for validation purposes, with AERONET, providing harmonized worldwide AOD observations in near real time. Met Norway will continue the development of the alert service with a specification of the aerosol alerts by using the type-resolved optical depth provided by the IFS model (dust, organic aerosol, black carbon, sea-salt and sulfate aerosols). These aerosol-typed alerts will allow triggering more specific alerts depending on the user interest.
3. Surface air quality (PM) alert using global and regional model output 
Ground-level aerosol parameters will be used to complement the AOD based alert, to warn with respect to air quality deterioration. The Tenderer will provide an air quality alert using the PM fields of the o-suite model. This alert will be computed, on one hand using absolute thresholds using WMO Air quality guidelines, and on the second hand and similarly to the AOD alerts, using exceedances of climatological PM values. The evaluation of this air quality alert will be performed at some key locations, to be determined, using Airbase PM in situ measurements maintained by the EEA’s European Topic Centre on Air pollution and Climate Change mitigation (ETC/ACM). Pollution episodes being generally associated to mesoscale patterns and hourly timescale, the air quality alerts will also be computed with CAMS regional models that provide PM output at a finer resolution both in time and space. 
Task 4.2: Aerosol deposition products
IFS-AER provides global averages and global dry and wet deposition (in-cloud and below-cloud) fluxes. During the first phase of CAMS_43, IFS-GLOMAP has been modified to provide output global averages of dry deposition fluxes, as well as below-cloud and in-cloud scavenging fluxes. IFS-GLOMAP will be modified so as to provide global fluxes for these three quantities. A first evaluation of dry and wet deposition fluxes has taken place during the first phase of CAMS_43. This evaluation, and the comparison to the chemical online dry deposition, suggested a number of possible improvements of the aerosol online dry deposition scheme and a better coupling with the surface scheme of the IFS. These improvements, which consist in moving the online dry deposition routine out of the aerosol routines to place it just after the call to the surface scheme, so as to use updated inputs from the surface scheme for friction velocity (the most important parameter for dry deposition), aerodynamical resistance and Leaf Area Index (LAI). Also, the two recently implemented online dry deposition schemes described in (129) and (130) will be compared, with the objective to find a scheme that combines the strengths of both approaches. A new approach for dry deposition, such as the one described in (35) will also be tested.
The dry and wet deposition fluxes and velocities of a number of species (sulfate, nitrate, ammonium, dust, sea-salt) will be compared against a range of observations from the CASTNET, EMEP, Dust Sahel Transect and Charmex datasets. Their impact on vertical distribution will be evaluated against profiles of speciated aerosols obtained during the Atmospheric Tomography Mission (Atom) field campaign (66), and from HIPPO (107 and 108), with a focus on BC for the latter field campaign as in (122). Some specific observations provided by field campaigns measuring dry deposition velocities over different types of surfaces will also be used. A selection of these datasets is presented in (58). They consist in 29 measurement studies covering five Land Use Categories (LUC). The five LUCs include grass, deciduous and coniferous forests (rough surfaces), and natural water and ice/snow (smooth surfaces). The additional dry deposition observational dataset of (22) over grass surfaces will also be considered for comparison.
To evaluate wet deposition fluxes, observations from the CASTNET and EMEP networks will be used, as well as from other networks that will be searched for. Also, the validity of the scavenging fluxes can be assessed by evaluating the lifetime of species that are subjected nearly only to wet deposition, such as lead (Pb 210), and for which observations of lifetime are available. This follows the approach of (71) with GEOS-CHEM. Pb210 is a species of the chemistry, so this evaluation work would mean to carry out developments in a specific branch in order to apply aerosol wet deposition to this tracer. The Pb210 budgets can be compared to the values obtained with GEOSCHEM, which are publicly available.
Task 4.3: Test with dynamical anthropogenic emissions
The emissions datasets of anthropogenic quantities (OC, BC, SO2, SOA scaled on CO emissions) provided by the CAMS81 and used as an input in the IFS simulations are usually monthly averages. These anthropogenic emissions have a great impact on the skill of the forecasts; a significant fraction of them, associated with transport and heating for example, are known to be highly dependent on the meteorology or to exhibit a weekly cycle; see (86) and (98) for example. The CAMS81 project provides formulae to modulate their anthropogenic emissions; these will be implemented in the IFS and their impact evaluated. Following (98), a weekly cycle will also be implemented for the relevant emissions (transport over continents) and its impact on AOD, PM and surface sulfate concentration will be assessed.
Work Package 43.5 – User support and documentation of services
Task 5.1: User support
CAMS is a user-oriented service, and as such, answering quickly and adequately the questions and remarks from users has been a priority during the first phase. We will continue this policy during the second phase by providing fast and accurate technical and scientific support to users, through direct contact, but preferably within the CAMS Service Desk Facility. Meeting this requirement is included as a Key Performance Indicator of CAMS_43. Samuel Remy already answered to user queries through the ECMWF Service Desk during the first phase of CAMS_43, so the setting-up of the specialised Service Desk is already established.
Task 5.2: Documentation
All of the deliverables of the project will be accompanied with detailed deliverable reports, specifying the scientific and technical documentation of the developments, and also accompanied with the evaluation results. These reports will be delivered in format suitable for online publishing. A yearly report summarizing the developments carried out in the preceding year will be produced in 2019, 2020 and 2021.  
Work Package 43.0 - Management
This Work Package will be performed by the Prime Investigator, in close collaboration with the Work Package managers and the Sub-contractors’ managers.
Task 0.1: Coordination of the project
This task includes various housekeeping items such setting up mailing lists for the project, setting up the sub-contracts for the partners, paying invoices to sub-contractors and submitting invoices to the Global Service Provider, organizing the recruitment of the non-permanent staff. More importantly it also consists of coordinating the project team. 
Teleconferences will be organized on a bimonthly basis by the coordinator. During these teleconferences, each partner will present the work they have done since the last teleconference, and a review of the status of the planned deliverables will be done. If, for some reason, the work is experiencing some delays, teleconferences will be organized twice a month with the partners involved in the work, in order to find efficient solutions to the problems encountered. At the end of each teleconference, the coordinator will write a summary of the discussions and the decisions taken. These summaries will be made available to all partners.
The Risk register and contingency plans, as listed in the Implementation document, will be updated on a yearly basis. The CAMS 43 team will meet for a kick off during the 2019 CAMS General Assembly and annually later on. Progress will be discussed regarding the five WPs described above, including opportunities for service evolution. Work plans will also be adapted regularly to as to deal with potential issues arising, changes in the IFS, or new development in aerosol science.
Task 0.2: Performance monitoring and reporting
This management Task will ensure the timely production and delivery of code and reports as agreed with the Global Service Provider. As part of this task, quarterly and annual reports (D43.0.1) will also be provided to the Global Service Provider to feed into quarterly and annual reporting to the European Commission. As requested each quarterly report will provide information on the performed activities for the previous period, list the achieved Deliverables and Milestones, and provide reasons for deviation from the implementation plan, where relevant. Performance within the project will be monitored against the Key Performance Indicators listed in this proposal and agreed with the Global Service Provider.
Task 0.3: Update of the model development plan in agreement with the GSP
A three-year development plan will be produced and updated annually following a discussion between WP1 partners and the Global Service Provider. This Task is dealt with in Work Package 43.0 rather than in Work Package 43.1 so as to ensure a global view and appropriate liaison with the other three Work Packages. Activities of this task will also include interaction with the Global Service Provider, especially about the timing and content of the planned upgrades of the global production system (Work Package 43.2). This will allow a smooth integration and testing of our planned updates in the Global Service Provider’s development plans.
Task 0.4: Interactions and coordination with users and other CAMS projects
The activities described in Work Packages 43.1 to 43.5 entail close interactions with the CAMS dedicated to global fire emissions (CAMS44), to global and regional anthropogenic emissions (CAMS81), and to validation of the global production chain (CAMS84). There will also be more occasional interaction with the CAMS dedicated to regional air quality modelling aspects (CAMS61), to the development of global reactive gases aspects (CAMS42). In order to ensure a smooth transfer of information between these projects, the prime investigator will occasionally feedback to these projects (e.g. input to the validation reports). This task will be made easier by the fact that the CAMS_43 team is currently part of several over CAMS projects (BSC in CAMS81, 84 and 95; KNMI in CAMS42 and 84). The overall aim of this task is twofold: to inform other CAMS of the progress of CAMS_43, and to be aware of the developments taking place in other CAMS.
Task 0.5: Update of the User Requirements DataBase (URDB) and of the Service Product Portfolio (SPP)
The tenderer will assist in updating the User Requirements Database (URDB), using feedback from users. The tender will also assist ECMWF in updating the Service Product Portfolio (SPP)
[bookmark: _Toc528661956]Summary of equipment
The equipment that is needed for the provision of services are listed in Table 2.
[bookmark: _Ref421538443]Table 2: Equipment (including hardware and software) to be used for provision of the Service
	Equipment
	Describe Relevant Function
	List each work package for which equipment will be used
	Owned / To be Purchased / To be Leased

	Access to ECMWF HPCF and linux cluster (including computing time and storage). Computing time on the ECMWF HPC 
	To run experiments, and carry out diagnostics and statistical analysis.
	WP43.1, 2, 3, 4, 5
	Owned by ECMWF

	Access to the latest version of the pre-operational IFS code, on ECMWF machines
	To be able to analyse and upgrade the current version of IFS, and to work within the framework of the source code management at ECMWF
	WP43.1, 2, 3, 4, 5
	Owned by ECMWF

	Local linux clusters @ BSC
	To develop, run and test stand-alone routines and the 1D-VAR assimilation system 
	WP43.3
	Owned by BSC

	MF-CNRM will use the METEO-France HPCF (including computing time and storage) and linux clusters
	To run CNRM-CM experiments, and carry out diagnostics and statistical analyses.
	WP43.1
	Owned by Météo-France

	Local linux server @ MET Norway
	To provide and further develop the aerosol alert system
	WP43.4
	Owned by MET Norway

	Access to the CAMS Service Desk facility
	To provide answers to user queries
	WP43.5
	Owned by ECMWF



It is understood by the contractor that the computing resources allocated to CAMS projects are limited. The contractor however needs a significant amount of resources to carry out the integration and evaluation of the developments, especially in pre-operational configurations and to measure the KPI. The ECMWF HPC resources shall be used only for simulations that of direct use and concern of CAMS_43 deliverables. It should be noted that only the contractor will use the ECMWF HPC; sub-contractors will use their own computing resources.
 In order to minimize the use of computing resource, the following protocol is proposed:
· For the development, integration and testing of resources, simulations in forecast only mode can be run on the ECMWF HPC by the contractor without prior authorization by the Global Service Provider,
· As much as possible, developments will be finalized and evaluated in a cycling forecast configuration before being tested in a data assimilation framework,
· Simulations using data assimilation can be done by the Global Service Provider.

Frequent interactions between the contractor and the Global Service Provider will ensure that the ECMWF computing resources that are consumed in CAMS_43 do not exceed a reasonable amount as defined by the Global Service Provider, and allow the contractor to carry out his contractual duties as agreed.
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Management of resources
The service shall be managed at HYGEOS by the Prime Investigator/Service Manager Samuel Rémy. Samuel will work full time for CAMS_43; he will focus on the strategic orientation of the project, staying in close contact with the Global Service Provider, the contributors, and some known users. Samuel will also be responsible or contribute to a significant fraction of the deliverables from all work packages. He will be co-manager of work packages 43.1, 43.3, 43.4 and will be sole manager of work packages 43.2, 43.5 and 43.0. This configuration ensures that management, development, implementation and interaction with the Global Service Provider are well connected.
HYGEOS will subcontract some of the tasks within Work Packages 43.1, 43.3 and 43.4 to the consortium members but will remain responsible for the timely delivery of the various items associated with the tasks listed in the Technical solution section. Also, HYGEOS will provide expertise and a significant amount of workforce to each of the Work Packages, thus minimizing the risks of the management losing touch with implementation.
Vincent Huijnen will be responsible for the deliverable that aims to implement a dynamical production of Secondary Organic Aerosols (SOA) from the chemistry. He will devote around 10% of his time to CAMS_43 and is one of the senior team members. Vincent will also contribute and advise on all aspects of CAMS_43 that relate to the chemistry scheme: nitrate, secondary organics and also the IFS-CB05-BASCOE-GLOMAP system used for stratospheric forecasts. As he is involved or his expertise will be useful in a number of deliverables, and also because he is the only one beside Samuel to be able to work directly on the IFS, Vincent is a co-manager of Work Package 43.1
Olivier Boucher will work as a consultant during phase 2 of CAMS_43. He will be co-manager of work package 43.3, which he managed already during phase 1. His thorough expertise in radiative transfer, data assimilation and aerosol modelling will be also useful for the rest of the project. His general expertise in project management will also be an asset.
Jeronimo Escribano and Enza Di Tomaso will devote a quarter of their time (combined) to work package 43.3. This work package requires skills in aerosol modelling, data assimilation and remote sensing, which is an unusual combination. Jeronimo was very successful in implementing the activities of work package 43.3 during the first phase of the project. Enza is a specialist in aerosol modelling and data assimilation at BSC, and they work closely together: the expertise needed for a successful completion of work package 43.3 will be shared between the two.
Graham Mann will devote about 5% of his time to the project to advise on the IFS-GLOMAP developments and evaluation to be carried out in Work Package 43.1. He is our second senior team member. The main Leeds contributions to CAMS_43 will be on stratospheric aerosol evaluation and modelling in three deliverables of work package 43.1: improvement of the size distribution in GLOMAP, evaluation and improvement of background stratospheric aerosols, and of stratospheric aerosols in response to a large volcanic eruption. Graham will be responsible for the first two of these deliverables with Kamalika Sengupta contributing to the background size distribution and size distribution evaluation (1 month PDRA on each, likely staged over 3 months at 0.33 Full Time Equivalent) and Sarah Shallcross contributing 2 months for the evaluation of the Pinatubo case study in the large volcanic eruptions. The actual coding work on IFS-GLOMAP will be carried out by Samuel Remy, assisted by Graham. Prof. Ken Carslaw will also give additional overall guidance on the GLOMAP development activities at no cost to the project.
Pierre Nabat and Martine Michou will devote around 5% of their time to the project. Their contribution are expected to be concentrated in the second half of the project since an upgrade of Météo-France’s supercomputing facility, combined with a new version of CNRM-CM, will make it difficult for them to be actively contributing before the second half of 2020. Pierre Nabat will bring his expertise in in dust and sea-salt modelling and Martine Michou in general aerosol modelling. They will also supervise the work of the person recruited for WP43.1 at MF-CNRM.
Michael Schulz and Augustin Mortier are part of the same team and work closely on the tools needed to analyse and improve the aerosol alert system. Both have full access to data and software and can back-up if one of them is temporarily unavailable. MET Norway will be responsible for delivery of the deliverables associated with the aerosol alert system, and Michael is the co-manager of work package 43.4.
Each of the subcontractors will work on their own computing resources, using their versioning system (Git for Météo-France, GitHub for Met.No and subversion for University of Leeds). In the framework of WP43.1, 43.2 and 43.4, HYGEOS will work on the Global Service Provider computing system and use its versioning system (github). HYGEOS will centralize into the Global Service Provider versioning system, integrate and evaluate all of the model developments carried out in the WP43.1 and 43.4 into the IFS, which guarantees the early detection of conflicts between different development streams. This also ensures the full traceability of all the developments that will be implemented into IFS, and the possibility to easily revert to earlier versions.
Samuel Rémy will be in close contact with the co-managers of the work packages (Olivier Boucher, Vincent Huijnen, Michael Schulz) and will coordinate the work of the rest of the team. Bimonthly project teleconferences will be held with the participation of all team members. Monthly teleconferences (“Service Level Board”) will also be held with the Global Service Provider for monitoring the project. A kick-off meeting and annual project meetings will be held with the Global Service Provider. Bilateral meetings will also be held when necessary within each WP and across WP. Samuel will also be in close contact with a designated scientific and technical contact person at the Global Service Provider.
Interaction between the management of CAMS_43 and the Global Service Provider, through the monthly teleconferences as well as with the scientific and technical contact person will ensure that the developments carried out within CAMS_43 interact smoothly with the developments carried out at the Global Service Provider and at other CAMS.
Implementation plan
As requested by the tender document, activities are organised into five Work Packages, plus an additional Work Package dedicated to management of the whole project:
· Work Package 43.1: Modelling aspects
· Work Package 43.2: Support for operational system upgrades
· Work Package 43.3: Data assimilation aspects
· Work Package 43.4: Service evolution
· Work Package 43.5: User support and Documentation
· Work Package 43.0: Management
The activities of Work Package 43.1 are divided into five tasks:
· Task 1.1: Improvement of primary aerosols sources
· Development of a new dust emission scheme
· Development of a new sea-salt aerosol emission scheme using inputs from the WAM and NEMO wave and ocean models
· Study of the different possibilities to taken into account brown carbon
· Task 1.2: Improvement of secondary aerosols sources
· Improvement of secondary organic aerosol formation processes
· Modification of the simple secondary aerosol scheme
· Evaluation and improvement of the nitrate-ammonium cycle
· Task 1.3: Stratospheric aerosols
· Evaluation and improvement of background stratospheric aerosol
· Evaluation and improvement of stratospheric aerosols response to a large volcanic eruption
· Task 1.4: Size distribution and optical properties
· Evaluation and improvement of the size distribution of IFS-GLOMAP
· Review, improvement and possible dynamical computation of aerosol optical properties
· Task 1.5: Targeted improvements as requested by the Global Service Provider or users
· Task 1.6: Article submission to peer-reviewed journal
The activities of Work Package 43.2 consist of one task:
· Task 2.1: Assistance to the Global Service Provider in setting up operational model cycles
· Development and validation of model branches to be included in the 6-monthly operational system upgrades
· Support in the validation of experimental suites
The activities of Work Package 43.3 are divided into three tasks:
· Task 3.1: Implementation of a suitable radiative transfer code into a standalone 1D-Var assimilation system for aerosol
· Task 3.2: Report on the potential benefits of multi-wavelengths radiance assimilation
· Task 3.3: Evaluation of this 1D-Var assimilation system using real MODIS and VIIRS reflectances
The activities of Work Package 43.4 are divided into three tasks:
· Task 4.1: Maintenance and development of an automated aerosol alert system
· Improvement of the Graphical User Interface (GUI)
· Speciation of the AOD alerts
· Global PM alert system
· Regional PM alert system
· Task 4.2: Evaluation and improvement of dry and wet deposition fluxes
· Task 4.3 Test with dynamical anthropogenic emissions
The activities of Work Package 43.5 are divided into two tasks:
· Task 5.1: User support
· Task 5.2: Documentation
The activities of Work Package 43.0 consist of four tasks:
· Task 0.1: Coordination of the project
· Task 0.2: Performance monitoring and reporting
· Task 0.3: Update of the model development plan in agreement with the GSP
· Task 0.4: Interactions and coordination with users and other CAMS
· Task 0.5: Update of the User Requirements Database and of the Service Product Portfolio
Table 3 summarizes the deliverables and associated resources.
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	Work Package
	Deliverable Reference
	Effort in person-months

	WP43.1 Modelling aspects
	
	

	
	D43.1.1.1 Development of a new dust emission scheme
	5

	
	D43.1.1.2 Development of a new sea-salt emission scheme using inputs from WAM and NEMO
	5

	
	D43.1.1.3 Study of the different possibilities to take into account brown carbon
	2

	
	D43.1.2.1 Improvement of the secondary organic aerosol formation processes
	4.56

	
	D43.1.2.2 Modification of the simple SOA emission scheme
	1.5

	
	D43.1.2.3 Evaluation and improvement of the nitrate-ammonium cycle
	2

	
	D43.1.3.1 Evaluation and improvement of background stratospheric aerosol
	2.95

	
	D43.1.3.2 Evaluation and improvement of stratospheric aerosol response to a large volcanic eruption
	5.5

	
	D43.1.4.1 Evaluation and improvement of the size distribution of IFS-GLOMAP
	3.8

	
	D43.1.4.2 Review, improvement and possible dynamical computation of aerosol optical properties

	4.5

	

	D43.1.5.1 Targeted improvements as requested by the Global Service Provider or users

	1.5

	

	D43.1.6.1 Article submission to a peer-reviewed journal

	1

	Total WP43.1 Effort
	
	39.31

	WP43.2 Support for operational system upgrades
	
	

	
	D43.2.1.1 Assistance to the Global Service Provider in setting up operational model cycles (recurring task)
	3.3

	Total WP43.2 Effort
	
	3.3

	WP43.3 Data assimilation aspects
	D43.3.1.1 Implementation of a suitable radiative transfer code into a standalone 1D-Var assimilation system for aerosol 
	5

	
	D43.3.2.1 Report on the potential benefits of multi-wavelengths radiance assimilation
	0.8

	
	D43.3.3.1 Evaluation of this 1D-Var assimilation system using real MODIS and VIIRS reflectances
	6

	Total WP43.3 Effort
	
	11.8

	WP43.4 Service evolution
	D43.4.1.1 Improvement of the Graphical User Interface of the alert system
	0.9

	
	D4.4.1.2 Speciation of AOD alerts
	2

	
	D4.4.1.3 Global PM alert system
	3

	
	D4.4.1.4 Regional PM alert system
	3

	
	D43.4.2.1 Evaluation and improvement of dry and wet deposition fluxes
	5.1

	
	D43.4.3.1 Test with dynamical anthropogenic emissions
	2

	Total WP43.4 Effort
	
	16

	WP43.5 User support and documentation
	D43.5.1.1 User support
	1

	
	D43.5.2.1 Documentation
	0.65

	Total WP43.5 Effort
	
	1.65

	WP43.0 Management
	D43.0.2.1-2019Q2 to 2021Q4 Quarterly implementation report

	1.75

	
	D43.0.2.2-2019 to 2021 Annual implementation reports
	0.75

	
	D43.0.2.3-2019 and 2020 Copy of prime contractor’s general financial statements and audit report
	0.25

	
	D43.0.2.4-2019 and 2020 Letter auditor’s opinion specific to CAMS most recent Annual implementation report
	0.25

	
	D43.0.2.5-2019  and 2020 Preliminary financial information
	0.25

	
	D43.0.3.1-2021 Draft implementation plan for the year 2021
	0.3

	
	D43.0.3.2-2022 Potential plan for 2022
	0.2

	
	D43.0.3.3-2020 and 2021 Final implementation plan for year 2020 and 2021
	0.5

	
	D43.0.5.1-2019 to 2021 Update of the URDB
	0.1

	
	D43.0.5.2-2019 to 2021 Update of the SPP
	0.1

	
	D43.0.3.4 Final report
	0.4

	
	D43.0.3.5 Update of the KPIs
	0.1

	Total WP43.5 Effort
	
	4.95

	TOTAL
	
	77.01




HYGEOS will be responsible for the timely delivery of all the deliverables agreed with the Global Service Provider. In detail, table 4 below indicates which institution will be carrying out the activities of each deliverable. The Gantt diagram of table 5 shows how the WP and tasks will be scheduled in the thirty three months covered by the second phase of CAMS_43 by the different partners. 
Table 4: Details of the distribution of activities 
	Deliverable Reference
	Main contributor

	D43.1.1.1 Development of a new dust emission scheme
	MF-CNRM with assistance from HYGEOS for the implementation in the IFS

	D43.1.1.2 Development of a new sea-salt emission scheme using inputs from WAM and NEMO
	HYGEOS

	D43.1.1.3 Study of the different possibilities to take into account brown carbon
	MF-CNRM with assistance from HYGEOS for the implementation in the IFS

	D43.1.2.1 Improvement of the secondary organic aerosol formation processes
	KNMI with assistance from HYGEOS 

	D43.1.2.2 Modification of the simple SOA emission scheme
	HYGEOS

	D43.1.2.3 Evaluation and improvement of the nitrate-ammonium cycle
	HYGEOS with assistance from KNMI

	D43.1.3.1 Evaluation and improvement of background stratospheric aerosol
	ULEEDS with assistance from HYGEOS and KNMI

	D43.1.3.2 Evaluation and improvement of stratospheric aerosol response to a large volcanic eruption
	HYGEOS with assistance from ULEEDS and KNMI

	D43.1.4.1 Evaluation and improvement of the size distribution of IFS-GLOMAP
	ULEEDS with assistance from HYGEOS

	D43.1.4.2 Review, improvement and possible dynamical computation of aerosol optical properties

	HYGEOS with assistance from MF-CNRM

	D43.1.5.1 Targeted improvements as requested by the Global Service Provider or users
	HYGEOS 

	D43.1.6.1 Article submission to a peer-reviewed journal
	HYGEOS with assistance from all partners

	D43.2.1.1 Assistance to the Global Service Provider in setting up operational model cycles (recurring task)
	HYGEOS

	D43.3.1.1 Implementation of a suitable radiative transfer code into a standalone 1D-Var assimilation system for aerosol
	BSC with assistance from Olivier Boucher and HYGEOS

	D43.3.2.1 Report on the potential benefits of multi-wavelengths radiance assimilation
	BSC with assistance from Olivier Boucher and HYGEOS

	D43.3.3.1 Evaluation of this 1D-Var assimilation system using real MODIS and VIIRS reflectances

	BSC with assistance from Olivier Boucher and HYGEOS

	D43.4.1.1 Improvement of the Graphical User Interface
	MET Norway

	D4.4.1.2 Speciation of AOD alerts
	MET Norway

	D4.4.1.3 Global PM alert system
	MET Norway

	D4.4.1.4 Regional PM alert system
	MET Norway

	D4.4.2.1 Evaluation and improvement of dry and wet deposition fluxes
	HYGEOS with assistance from KNMI

	D4.4.3.1 Test with dynamic anthropogenic emissions
	HYGEOS

	All D43.5 deliverables

	HYGEOS

	All D43.0 deliverables

	HYGEOS




[bookmark: _Toc528661960]Organigram
[bookmark: _Toc443663694][bookmark: _Toc443663695]The architecture of the consortium with the reporting lines is described in Figure 1.

University of Leeds – Graham Mann
Météo-France – Pierre Nabat
Met.No – Michael Schulz

[bookmark: _Toc443663696]
[bookmark: _Toc443663697]
[bookmark: _Toc443663698]Assistance in writing the quarterly/yearly reports; financial information
Assistance in writing the quarterly/yearly reports; financial information

[bookmark: _Toc443663699]
[bookmark: _Toc443663700]HYGEOS – Samuel Remy
KNMI – Vincent Huijnen


[bookmark: _Toc443663702][bookmark: _Toc443663701]Quarterly and yearly reporting; monthly teleconferences


BSC – Jeronimo Escribano

[bookmark: _Toc443663703]Olivier Boucher
ECMWF



Figure 5: Organigram of the consortium with reporting lines

[bookmark: _Toc528661961]Gantt chart

A PERT chart was not deemed to be useful here, since there are very few dependencies between the deliverables, and the work packages are entirely independent. The only dependency links are:
D43.1.3.2 (Evaluation and improvement of stratospheric aerosol response to a large volcanic eruption), which depends on D43.1.3.1 (Evaluation and improvement of background stratospheric aerosol).
And
D43.3.3.1 (Evaluation of the 1D-Var assimilation system using real MODIS and VIIRS reflectances) which depends on D43.3.1.1 (Implementation of a suitable radiative transfer code into a standalone 1D-Var assimilation system for aerosol).

In the Gantt chart presented in Table 5 below, for a better readability, the 3 periods for the service contracts are shown:
SC1: April 1st to December 31st 2019
SC2: January 1st to December 31st 2020
SC3: January 1st  to December 31st 2021

Table 5: Schedule of Work Packages and tasks. Institutions are color-coded as: HYGEOS, KNMI, BSC, MF-CNRM, Uleeds, OB consulting and MetNo.
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[bookmark: _Toc528661962]Work package description
	Work Package 43.1
	
	Start/End date[footnoteRef:3] [3:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1-M33

	Work Package title
	[bookmark: _Toc443663731]Modelling aspects

	Budget (k€)[footnoteRef:4] [4:  For this Tender, the actual budget numbers in this table can be omitted.] 

	400683,78

	Participants (person months)
	Samuel Rémy, 16.5 person months
Vincent Huijnen, 2.86 person months
Pierre Nabat, 1.3 person months
Martine Michou, 1 person months
Aerosol modeller at MF-CNRM, 12 person months
Graham Mann, 1.65 person months
Kamalika Sengupta, 2 person-months
Sarah Shalcross, 2 person-months

	Other main direct cost elements
	Travel

	

	Main objectives
This Work Package aims at the maintenance and further improvement of the aerosol schemes of the IFS.

	

	Description of activities
Task 1.1: Improvement of primary aerosols sources
Task 1.2: Improvement of secondary aerosols sources
Task 1.3: Stratospheric aerosols
Task 1.4: Size distribution and optical properties
Task 1.5: Targeted improvements as requested by the Global Service Provider or users
Task 1.6: Article submission to peer-reviewed journal
All of the code produced in this work package will be delivered with an accompanying documentation and evaluation.

	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:5] [5:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.1.1.2
	Tenderer
	Code and report
	Development of a new sea-salt emission scheme using inputs from WAM and NEMO
	M9

	D43.1.2.2
	Tenderer
	Code and report
	Modification of the simple SOA emission scheme
	M9

	D43.1.4.1 
	ULeeds
	Code and report
	Evaluation and improvement of the size distribution of IFS-GLOMAP
	M9

	D43.1.3.1
	ULeeds
	Code and report
	Evaluation and improvement of background stratospheric aerosol
	M16

	D43.1.2.1 
	KNMI
	Code and report
	Improvement of the secondary organic aerosol formation processes
	M18

	D43.1.2.2
	KNMI
	Code and report
	Evaluation and improvement of the nitrate-ammonium cycle
	[bookmark: _GoBack]M21

	D43.1.1.3
	Tenderer
	Code and report
	Study on possible ways to take into account brown carbon
	M21

	D43.1.1.1 
	Tenderer
	Code and report
	Development of a new dust emission scheme
	M27

	D43.1.3.2 
	Tenderer
	Code and report
	Evaluation and improvement of stratospheric aerosol response to a large volcanic eruption
	M27

	D43.1.4.2 
	Tenderer
	Code and report
	Review, improvement and possible dynamical computation of aerosol optical properties
	M27

	D43.1.6.1 
	Tenderer
	Article
	Article submission to a peer-reviewed journal
	M27

	D43.1.5.1 (as needed)
	Tenderer
	Code/report
	Eventual developments asked by the Global Service Provider
	Depending on the Global Service Provider

	

	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.1.4.1
	ULeeds
	Size distribution
	First evaluation of the size distribution of IFS-GLOMAP
	M9

	M43.1.2.1
	Tenderer
	Secondary organic aerosol improvement
	Final architecture of the SOA module with options to run coupled and uncoupled with the chemistry
	M21

	M43.1.1.1
	Tenderer
	Primary sources improvement
	Improvement of primary emissions of the IFS; Improvement of skill scores
	M27



	Work Package 43.2
	
	Start/End date[footnoteRef:6] [6:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1-M33

	Work Package title
	[bookmark: _Toc443663732]Support for operational system upgrades

	Budget (k€)[footnoteRef:7] [7:  For this Tender, the actual budget numbers in this table can be omitted.] 

	36709,2 euros

	Participants (person months)
	Samuel Rémy, 3.3 person months

	Other main direct cost elements
	

	

	Main objectives
Support to the Global Service Provider with the preparation and testing of new model cycles.

	

	Description of activities
Task 2.1: Assistance to the Global Service Provider in setting up operational model cycles

	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:8] [8:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.2.1.1
	Tenderer
	Code
	 Assistance to the Global Service Provider in setting up operational model cycles (recurring task
	At each release of a new operational cycle

	

	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.2.1.1
	Tenderer
	New model cycle
	Improvement of the scores of IFS against observations
	Each release of a new operational cycle




	Work Package 43.3
	
	Start/End date[footnoteRef:9] [9:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1-M33

	Work Package title
	[bookmark: _Toc443663733]Data assimilation aspects

	Budget (k€)[footnoteRef:10] [10:  For this Tender, the actual budget numbers in this table can be omitted.] 

	105268,48 euros

	Participants (person months)
	Jeronimo Escribano and Enza Di Tomaso, 7.75 person months
Olivier Boucher, 0.75 person months
Samuel Remy, 3.3 person months

	Other main direct cost elements
	Travel

	

	Main objectives
Development of a 1D-Var retrieval method that estimates Aerosol Optical Depth from satellite observed reflectances in the visible part of the electromagnetic spectrum. 

	

	Description of activities
Task 3.1: Implementation of a suitable radiative transfer code into a standalone 1D-Var assimilation system for aerosol
Task 3.2: Evaluation of this 1D-Var assimilation system using real MODIS and VIIRS reflectances
Task 3.3: Report on the potential benefits of multi-wavelengths radiance assimilation

All of the code produced in this work package will be delivered with an accompanying documentation and evaluation.

	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:11] [11:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.3.1.1
	BSC
	Code and report
	Choice and implementation of a radiative transfer code into the 1D-Var assimilation system
	M9

	D43.3.3.1
	BSC
	Code and report
	Report on the potential benefits of multi-wavelengths radiance assimilation
	M21

	D43.3.2.1
	BSC
	Code and report
	Evaluation of the 1D-Var assimilation system using real MODIS and VIIRS reflectances
	M27

	



	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.3.1.1
	Tenderer
	1D-Var system complete with radiative transfer code
	Test of the system with synthetic observations
	M9




	Work Package 43.4
	
	Start/End date[footnoteRef:12] [12:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1 -M33

	Work Package title
	[bookmark: _Toc443663734]Service evolution

	Budget (k€)[footnoteRef:13] [13:  For this Tender, the actual budget numbers in this table can be omitted.] 

	177848,32 euros

	Participants (person months)
	Michael Schulz, 1.2 person months
Augustin Mortier, 7.7 person months
Samuel Rémy, 6.6 person months
Vincent Huijnen, 0.5 person months


	Other main direct cost elements
	Travel, computing

	

	Main objectives
This Work Package covers the research and development activities to provide the following service evolutions: a global aerosol warning system; delivery, evaluation and improvement of deposition fluxes; experimental study on dynamical anthropogenic emissions.

	

	Description of activities
Task 4.1: Maintenance and development of an automated aerosol alert system
Task 4.2: Evaluation and improvement of dry and wet deposition fluxes
Task 4.3: Test with dynamical anthropogenic emissions

	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:14] [14:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.4.1.1
	MET Norway
	Report
	Improvement of the Graphical User Interface (GUI) of the aerosol alert service
	M9

	D43.4.1.2
	MET Norway
	Report
	Implementation of a global PM aerosol alert system
	M21

	D43.4.1.3
	MET Norway
	Report
	Implementation of a global speciated  AOD aerosol alert system
	M21

	D43.4.1.4
	MET Norway
	Report
	Implementation of a regional PM alert system
	M27

	D43.4.2.1
	Tenderer
	Code and report
	Evaluation and improvement of dry and wet deposition fluxes
	M27

	D43.4.3.1
	Tenderer
	Code and report
	Test with dynamical anthropogenic emissions
	M16

	

	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.4.1.1
	MET Norway
	Aerosol alert service using global PM
	Contingency scores
	M21

	M43.4.1.2
	MET Norway
	Aerosol alert service using regional PM
	Contingency scores
	M27








	Work Package 43.5
	
	Start/End date[footnoteRef:15] [15:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1-M33

	Work Package title
	User support and documentation

	Budget (k€)[footnoteRef:16] [16:  For this Tender, the actual budget numbers in this table can be omitted.] 

	18354,6 euros

	Participants (person months)
	Samuel Remy, 1.65 person months

	Other main direct cost elements
	

	

	Main objectives
This Work Package covers the user support and documentation activities of CAMS_43.

	

	Description of activities
Task 5.1: User support
Task 5.2: Documentation


	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:17] [17:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.5.1.1
	Tenderer
	Report
	Specialised user support via the CAMS service desk 
	Continuous

	D43.5.1.2-2019 to 2021
	Tenderer
	Report
	Specialised user support 2019 to 2021 
	M9-M21-M33

	D43.5.2.1-2019 to 2021
	Tenderer
	Report
	Documentation of global aerosol developments
	M9-M21-M33

	

	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.5.1.1
	Tenderer/Global Service Provider
	Link with CAMS User Support team established; service desk set-up completed
	Specialised Service Desk up and running
	M2



	Work Package 43.0
	
	Start/End date[footnoteRef:18] [18:  For this Tender, dates can be indicated in months starting from T0. ] 

	M1/33

	Work Package title
	Management

	Budget (k€)[footnoteRef:19] [19:  For this Tender, the actual budget numbers in this table can be omitted.] 

	38154,6 euros

	Participants (person months)
	Samuel Remy, 1.65 person months
Silvia Jacob, 3.3 person months

	Other main direct cost elements
	Travel

	

	Main objectives
This Work Package covers the management activities of CAMS_43.

	

	Description of activities
Task 0.1: Coordination of the project. This includes setting up mailing lists for the project, setting up the sub-contracts for the partners, paying invoices and submitting invoices to the Global Service Provider, organizing the recruitment of the non-permanent staff, coordinating the project team, organizing and chairing the monthly teleconferences, holding regular discussions with the Global Service Provider (monthly teleconferences will be held with the Global Service Provider for monitoring the contract), and preparing the annual meetings with the Global Service Provider 
Task 0.2: Performance monitoring and reporting. As part of this task, quarterly and annual reports will be provided to the Global Service Provider to feed into quarterly and annual reporting to the European Commission. As requested each quarterly report will provide information on the performed activities for the previous period, list the achieved Deliverables and Milestones, and provide reasons for deviation from the implementation plan, where relevant.
Task 0.3: Update of the model development in discussion with WP1 partners and the Global Service Provider (this task belongs to WP0 rather than WP1 in order to make sure all aspects of the aerosol system are considered when preparing the model development plan).
Task 0.4: Interactions and coordination with users and other CAMS. This task will consist of regular contact with the relevant CAMS project teams, among them, the CAMS dedicated to global fire emissions (CAMS44), global and regional anthropogenic emissions (CAMS81), regional air quality modelling aspects (CAMS61) and the development of global reactive gases aspects (CAMS42).
Task 0.5: update of the User Requirement Database (URDB) and of the Service Product Portfolio (SPP)

	

	Deliverables

	#
	Responsible
	Nature[footnoteRef:20] [20:  Please describe the nature of the Deliverable. Possible options are Report, Data, Graphics, Other.] 

	Title
	Due

	D43.0.2.1-2019Q2 to 2021Q4
	Tenderer
	Report
	Quarterly Implementation report 
	15/4/7/10 2019
15/1/4/7/10 2020
15/1/4/7/10 2021

	D43.0.2.2-2019 and 2020
	Tenderer
	Report
	Annual implementation reports 
	28/2 2020 and 2021

	D43.0.2.3-2018,2019 and 2020
	Tenderer
	Report
	Copy of prime contractor’s general financial statements and audit report
	30/6/2019, 2020 and 2021

	D43.0.2.4-2019 and 2020
	Tenderer
	Report
	Letter auditor’s opinion specific to CAMS most recent annual implementation report
	30/6/2020 and 2021

	D43.0.2.5-2019 and 2020
	Tenderer
	Report
	Preliminary financial information
	15/1/2020 and 2021

	D43.0.3.1-2021
	Tenderer
	Report
	Draft implementation plan for 2021
	28/2/2020

	D43.0.3.2-2022
	Tenderer
	Report
	Potential plans for 2022 draft 1 and 2
	28/2/2021 and 31/10/2021

	D43.0.3.3-2020 and 2021
	Tenderer
	Report
	Final implementation plan for 2020 and 2021
	31/10/2019 and 2020

	D43.0.3.4
	Tenderer
	Report
	Final report
	28/2/2022

	D43.0.3.5
	Tenderer
	Report
	Update of the KPIs after review with ECMWF
	31/12/2019

	D43.0.5.1-2019 to 2021
	Tenderer
	Report
	Update of the User Requirements DataBase
	31/12/2019,2020 and 2021

	D43.0.5.2-2019 to 2021
	Tenderer
	Report
	Update of the Service Product Portfolio
	31/12/2019,2020 and 2021

	

	Milestones

	#
	Responsible
	Title
	Means of verification
	Due

	M43.0.1.1
	Tenderer/Global Service Provider
	CAMS general assembly 
	Participation to the meeting
	Annually

	M43.0.1.2
	Tenderer/Global Service Provider
	Monthly teleconference meeting with ECMWF
	Participation to meeting
	Monthly

	M43.0.2.1
	Tenderer/Global Service Provider
	Progress review meetings with ECMWF/Payment milestones
	Minutes of meeting
	31/12/2019; 1/7/2020; 31/12/2020; 1/7/2021; 31/12/2021

	M43.0.1.1
	Tenderer/Global Service Provider
	Kickoff meeting
	Minutes of meeting
	At the first CAMS General Assembly

	M43.0.1.1
	Tenderer/Global Service Provider
	Internal face to face project meeting
	Minutes of meeting
	Annually

	M43.0.1.1
	Tenderer/Global Service Provider
	Internal project bimonthly teleconferences
	Meetings happened
	Bimonthly



[bookmark: _Toc528661963]Key Performance Indicators
A set of Key Performance Indicators (KPI) has been defined. As the tasks are very diverse in nature, ranging from pre-operational to research activities, these indicators were modulated so as to reflect the different expectations from the Global Service Provider. 
[bookmark: _Ref443646911]Table 5: Key Performance Indicators
	KPI #
	KPI Title
	Performance Target and Unit of Measure
	Frequency of Delivery
	Explanations / Comments

	1
	Improvement of MNMB and FGE of forecast only AOD from operational branches
	MNMB : absolute value < 0.2
FGE: < 0.5
	At each operational upgrade
	These objectives should be measured over a period of 3 months or more.

	2
	Improvement of MNMB and FGE of forecast only PM2.5 and PM10  from operational branches
	MNMB : absolute value < 0.2
FGE: < 0.5
	At each operational upgrade
	These objectives should be measured over a period of 3 months or more.


[bookmark: _Toc528661964]
Risk management
The risks and contingency plans for each Work Package are detailed in Table 6. Please note that a table covering the General risks (shared by the entire project for the entire period) is also included.
[bookmark: _Ref421539299]Table 6: Risk Register for each Work package 
	General risks

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy

	Loss of staff
	The risk of losing expertise and key staff members
	1
	4
	The risk is minimal as the (project and service) management and most of the work will be carried out by permanent staff or team members working for CAMS_43. Periodical detailed reporting of activities and regular meetings with the Global Service Provider to transfer expertise will help minimize further this risk.

	Loss of numerical code
	The risk of losing numerical code of the IFS-AER, IFS-GLOMAP and of the aerosol alert services 
	1
	4
	The IFS-AER and IFS-GLOMAP numerical code are stored in the source management system of the Global Service Provider, which is backed up and boasts a very high level of safety. Numerical code of the aerosol alert system is backed up daily at Met.No. 

	Non-delivery
	The risk of not being able to deliver scientifically or technically at the expected level
	2
	4
	Proven expertise and delivery in the predecessor projects reduces this risk. Our key team members are accustomed to work on the code of IFS and in the technical environment provided by the Global Service Provider, which ensure that no transition time will be needed at the beginning of the project. Moreover the scientific solutions chosen for aerosol parameterizations or data assimilation aspects usually rely on a body of scientific literature.

	IT communication problem
	The risk of an IT problem preventing or slowing access to the Global Service Provider supercomputing facilities 
	2
	4
	This problem was highly infrequent in the past four years, with only a few occurences. 
The impact is minimized through communication by the Global Service Provider on work sessions on the High Performance Computing Facility (HPCF) and software upgrades that may affect connectivity. In case of a longer disruption (e.g. in case of a shutdown due to a cyber-attack on one side or the other), the risk can be mitigated by travelling physically to the Global Service Provider for performing time-critical work.

	Lack of communication with other CAMS projects
	The risk of not being aware of developments of IFS from the Global Service Provider or from other CAMS that may concern the aerosol module 
	2
	3
	This risk will be reduced by regular interactions with the Global Service Provider and with other CAMS projects, as detailed in the Technical solution section. Assistance from the Global Service Provider is also asked to help mitigate this risk, because of its privileged position overseeing all CAMS projects. The fact that several team members are also part of other CAMS projects also minimizes this risk.

	Late delivery
	The risk of not delivering in time, inherent to any R&D endeavor since there is always a level of uncertainty associated with the implementation of new components into the IFS
	2
	3
	The risk is minimized for each important development by a careful review of all possible options before implementation; it is also mitigated by the fact that only components with proven and documented skill will be added. The experience of the Tenderer in working on the C-IFS code, involving awareness of the strengths and weaknesses of the various parameterizations, will be useful to mitigate this risk, as well as the links to other aerosol modelling communities. 












	Work Package: 43.1 

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	IFS-AER and IFS-GLOMAP computing time
	The risk of the computing time of IFS-AER and IFS-GLOMAP to be worse than expected
	3
	3
	CAMS_43 will assist ECMWF in assessing the computational cost of each routine of IFS-AER and IFS-GLOMAP, and will propose possible solutions in case this assessment highlights some particularly costly routines
	0-3

	Scores degradation
	Risks of the scores of the operational IFS to be degraded or not improved due to faulty or inefficient modifications/additions into the code of IFS
	2
	4
	Risk will be reduced through:
· careful testing and validation of each component added
· keeping several options possible
· careful choice of the algorithms implemented
	0-3

	Inconsistency
	Improvement of the scores for CNRM-CM and degradation in IFS-AER
	3
	4
	This risk will be reduced by a careful implementation and validation of the developments carried out in CNRM-CM into  IFS-AER
	0-3

	Incompatibility 
	Score degradation through the combination of various developments which, taken separately, improve the skill of the IFS-AER/GLOMAP
	3
	3
	Mitigation actions consist of careful testing of all proposed developments separately, and taken together. Developments will also be tested in cycling forecast and data assimilation configurations of the forecasting system, with assistance from ECMWF, since it happened in the past that developments that improved scores in cycling forecast mode had an adverse impact in data assimilation mode.
	0-3








	Work Package: 43.2

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	Late delivery
	Risk of delays in providing code that may result in delays in implementing new operational model branches
	2
	3
	Risk will be reduced through a careful planning of development and validation of the components that are to be added in operational model branches. Manpower can be redirected to WP43.2 when required. The Global Service Provider is expected to inform the Tenderer well in advance of its schedule for new operational model branches.
	0-3



	Work Package: 43.3

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	Computing time
	Risk of the 1D-Var retrieval to be too slow for implementation within the 4D-Var algorithm of IFS
	3
	3
	The risk is mitigated by the fact that numerical cost will be the most important criterion for the choice of a radiative code, and that it will be recoded so as to make it as cheap as possible in terms of computing resources. Risk can be mitigated by additional sampling of clear-sky reflectances to be assimilated in the system.
	1-3

	Delay because of third party
	Risk of a delay caused from a third party (the radiative transfer codes and their tangent linear and adjoint code are provided by entities external to CAMS_43)
	3
	3
	The risk will be estimated as much as possible in advance through exchanges with the providers of the radiative code (R. Hogan for FLOTSAM; G. Thomas for ORAC). The Global Service Provider will be warned in advance in case of possible delays
	1-3









	Work Package: 43.4

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	Quality of aerosol alert service
	Risk of bugs in the implementation of the aerosol alert service at the Global Service Provider that may result in lower quality aerosol alert service
	2
	3
	Risk is reduced through close collaboration with the Global Service Provider in implementing the aerosol alert service, and in careful and prolonged test over past periods of time.
	0-3




	Work Package: 43.5

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	User dissatisfaction with CAMS products
	Risk of users being dissatisfied with CAMS aerosol products
	2
	3
	Risk is reduced by disseminating widely the known limitations and issues associated with CAMS aerosol products and also about the ongoing actions to reduce these. Also by answering promptly to the user queries
	0-3

	User not knowing where to ask
	Risk of users with questions not knowing whom to ask them
	2
	2
	Risk is reduced by advertising the CAMS service help desk
	0-3



	Work Package: 43.0

	Risk Name
	Description
	Likelihood
	Impact
	Response Strategy
	Year of Service

	Disconnection of management and implementation
	Risk of lack of communication between the team that may result in management being out of touch with implementation
	2
	4
	Risk is reduced through frequent and planned interactions between the team members and management, and between team and Global Service Provider
	0-3

	Disconnection with other CAMS projects connected to CAMS_43
	Risk of lack of communication between CAMS_43 and other CAMS resulting in a loss of coherence between the various CAMS projects
	2
	3
	Reduce through participation in the reviewing processes of other CAMS, participation to the Service Level Board, and through participation of CAMS_43 team to other CAMS projects
	0-3
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Dr. Samuel REMY
CNRS Researcher
Institut Pierre Simon Laplace/ Université Pierre et Marie Curie

42 years old

samuel.remy@Imd.jussieu.fr

EXPERTISE
o Experience in writing/reviewing articles e Strong data assimilation expertise © Good command of meteorological
about aerosol and data assimilation * Responsible for the IFS aerosol model interaction with aerosols
e Experience in all aspects of aerosol updates since late 2013 o Expertise in modelling meteorological
modelling processes

April 2016
to present

Sep. 2014
to Mar. 2016

January 2013
to Sep. 2014

2006-2012
2009-2012

2006-2009

2000-2004
2002-2004
2001-2002

PROFESSIONAL EXPERIENCE

Institut Pierre-Simon Laplace (Paris, France)
Service manager of the Copernicus Atmospheric Monitoring Services (CAMS) 43 project, “development
of global aerosol aspects”. Main duties:

v Improvement of the aerosol module of IFS, providing to ECMWF new model versions for the upgrades of the
global CAMS system.

v Management of four subcontractors,

v’ Drafting and finalizing most of the work packages deliverables.

Laboratoire de Météorologie Dynamique (Paris, France)

Researcher  within the framework of the EU funded Monitoring the Atmospheric Composition and
Climate project (MACC-IIl) and Copernicus Atmospheric Monitoring Services (CAMS). Main research
domains:

v Improvement of the aerosol module of IFS
v' Production of a global climatology of biomass burning emissions and injection heights with GFASv1.2.
European Centre for Medium-Range Weather Forecasts (Reading, United Kingdom)

Researcher within the framework of the EU funded Monitoring the Atmospheric Composition and
Climate project (MACC-I1). Main research domains:
v Aerosol modelling

v Interaction between aerosols and meteorology : in the framework of an intercomparison organized by the
Working Group on Numerical Experimentation (WGNE),

v’ Estimating biomass burning emissions: operating and improving the Global Fire Assimilation System (GFAS)
which provides fire emissions of aerosols and gases to the global MACC system.

Météo-France (Toulouse then Paris, France)

Deputy director of the forecast division for greater Paris and the Centre region. The management of a
team of thirty forecasters included the following duties:

v Weather forecast and hazardous weather watch: Daily use of meteorological Numerical Weather Prediction
(NWP) systems from Météo-France, ECMWF, UKMO.

v Development of numerous software solutions for the forecasters

Manager of the COBEL/ISBA model within the aeronautical forecast Division. COBEL/ISBA is a 1D model
dedicated to fog forecasting on airports, which includes a 1Dvar assimilation system. Besides the
research activities of the PhD, | also took care of operational maintenance and developments, notably:

v Implementation of an operational system of forecast verification and display,

v’ Setup of the forecast system for the Paris-Orly and Lyon-StExupery airports, training of the forecasters.

Hexaflux (Lyon, France)
Manager of two software solutions used to prescribe and display medical tests in hospitals.

Developer using internet/intranet technologies and database administration

1/2
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SUMMARY OF PUBLICATION RECORD
Since 2016, topical Editor at the Geoscientific Model Development (GMD) journal.

Rémy, S., Benedetti, A., Haiden, T., Jones, L., Razinger, M., Flemming, J., Engelen, R.J., Peuch, V.H. and J.N. Thepaut,
2015: Feedbacks of dust and boundary layer meteorology during a dust storm in the Eastern Mediterranean.
Atmos.Chem.Phys., 15, 12909-12933, link

Rémy, S., Veira, A. and couthors, 2017 : Two global datasets of daily fire emission injection heights since 2003,
Atmos.Chem.Phys., 17, 2921-2942, link

Rémy, S., Benedetti, A. and Boucher, O., 2016, 2017, 2018: Aerosols [in “State of the Climate in 2015, 2016, 2017"],
Bull. Amer. Soc., link (for 2017)

Benedetti, A. and Rémy S., 2015: Aerosols [in “State of the Climate in 2014”], Bull. Amer. Soc., 96(7), S43-44. link

Veira, A., Kloster, S., Wilkenskjeld, S., and Rémy, S, 2015.: Fire emission heights in the climate system — Part 1: Global
plume height patterns simulated by ECHAM6-HAM2, Atmos. Chem. Phys., 15, 7155-7171. link

Rémy, S., Kaiser, J.W., 2014: Daily global fire radiative power fields extimation from one or two MODIS instruments.
Atmos.Chem.Phys., 14, 13377-13390, doi: 10.5194/acp-14-13377-2014, link

Rémy, S., Pannekoucke, O., Bergot., T. and Baehr, C., 2012: Adaptation of a particle filtering method for data
assimilation in a 1D numerical model used for fog forecasting. QJRMS, Volume 138: 536-551, doi : 10.1002/q;j.915, link

Dabas, A., Remy, S. and Bergot, T. 2011: Use of a Sodar to Improve the Forecast of Fogs and Low Clouds on Airports.
Pure and Applied Geophysics, Volume 169: 1-13. Doi:10.1007/s00024-011-0334-y, link

Rémy, S. and Bergot, T., 2010: Ensemble Kalman filter data assimilation in a 1D numerical model used for fog
forecasting. Monthly Weather Review, Volume 138, Issue: 5, 1792-1810, doi : 10.1175/2009MWR3110.1, link

Rémy, S. and Bergot, T. 2009, Assessing the impact of observations on a local numerical fog prediction system, QIRMS,
Volume 135: 1248-1265, doi : 10.1002/qj.448, link

DEGREES

2006-2009 Doctoral Degree in Atmospheric Sciences at University Paul Sabatier (Toulouse, France), manuscript
The main research topic of my PhD was data assimilation applied to a one-dimensional boundary-layer numerical
model, COBEL/ISBA. Innovative data assimilation algorithms were successfully implemented:

v Refinement of the operational 1Dvar: computation of the background and observational error
covariance matrixes using the NMC and Desroziers techniques,

v Monovariate and multivariate Ensemble Kalman Filter (EnkF),

v Geneticselection Particle filtering with a 4Dvar-like minimization on a model trajectory,

v Development of a framework of simulated observations to test the various algorithms.

2004-2006 Master of Oceanic and Atmospheric Sciences at E.N.M (Toulouse, France). Six months internship at the
Centre National de Recherches Météorologiques (CNRM) on the MESO-NH model :

v' Coupling of the aerosol model ORILAM to the two-moments C2R2 microphysical scheme,
v Implementation of a new scheme for cloud droplet activation in C2R2,
v Implementation of gravitational settling in the ICE3 microphysical scheme, now used in AROME.

2000-2001 Master of Computer Engineering at University Claude Bernard (Lyon, France)

1998-2000 Master of Pure Mathematics at University Claude Bernard (Lyon, France)

1996-1998 Bachelor of Pure Mathematics at Hong-Kong University of Science and Technology (Hong-Kong, China)
1994-1996 University Degree in Mathematics, Physics and Mechanics at University Claude Bernard (Lyon, France)
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Dr. Olivier BOUCHER

Directeur de Recherche 1° classe CNRS
Institut Pierre Simon Laplace
Sorbonne Université

47 years old

Email: olivier.boucher@ipsl.fr Web: http://www.Imd.jussieu.fr/~obolmd

MAIN EXPERTISE

e Strong experience in Earth system and climate e Regular contributor to the IPCC and Convening
modelling (especially atmospheric aerosol modelling, Lead Author of the “Clouds and Aerosols”
aerosol-radiation-cloud and  aerosol-ecosystem chapter of the IPCC Fifth Assessment Report

interactions)

e Author of a textbook “Atmospheric aerosols:

e Expertise in meteorological aspects of renewable properties and climate impacts” published by
energies, solar radiation management and geo- Springer in May 2015
engineering techniques

Oct 2016 to
present

June 2011
to Sept 2016

March 2005
to May 2011

2001-2005

1999-2001

1996-1999
1995-1996

PROFESSIONAL EXPERIENCE

Institut Pierre-Simon Laplace (Paris, France)

CNRS Research Director. Main responsibilities included:

v ctor of the IPSL Climate Modelling Centre (https://cmc.ipsl.fr)

v Direct and indirect radiative and climate impacts of aerosols, Earth system modelling

v Member of the scientific committees of Axa Research Fund, FNRS, Harry Otten prize

v' Coordinator of the “Groupe Interdisciplinaire sur les Contributions Nationales” since COP21

Laboratoire de Météorologie Dynamique (Paris, France)

CNRS Research Director. Main responsibilities and achievements included:

Co-ordinating the AEROSOL subprojects of the GEMS, MACC, MACC-Il and MACC-III projects

Coordinating Lead Author of chapter 7 (Clouds and Aerosols) of the IPCC Fifth Assessment Report (2010-2013)
Editor of Geophysical Model Development (GMD) (2010-2016) and PLOS ONE (2014) journals

Author of a book entitled « Atmospheric Aerosols: Properties and climate impacts » published in May 2015
Atmospheric aerosol modelling, radiative impacts, inversion of aerosol sources

ENENENENEN

Met Office Hadley Centre (Exeter, United Kingdom)

Head of the Climate, Chemistry and Ecosystems Team. Main responsibilities were:

v’ Maintenance and development of the aerosol schemes of the climate model of Met Office Hadley Centre.
Member of the IPCC Task Group on New Emission Scenarios

Contributing Author to the “Fourth Assessment Report” of the IPCC

Chair of the UK land surface community model (JULES) management committee (2007-2011)

Co-leader of the COMBINE FP7 project on Earth System modelling (2008-2009)

v
v
v
v

CNRS, Laboratoire d’Optique Atmosphérique (Lille, France)

Leader of the aerosol team at LOA. Main research domains and achievements included:

v' Development of the bulk aerosol model that was later adapted into ECMWF operational C-IFS model
v' Development of a detailed model of sulphate aerosols

v' Author of the IGACO report on Atmospheric Chemistry (2003)

v' Co-author for chapter 2 of the WMO 2002 ozone assessment (2002)

v Participant to the GMES forum of the European Commission (2002-2003)

Sabbatical at the Max Planck Institute for Chemistry (Mainz, Germany)
v' Lead author of the “Third Assessment Report” of the IPCC
v' Lead author of the “Special Report on Aviation and the Global Atmosphere” (1999) of the IPCC

CNRS, Laboratoire d’Optique Atmosphérique (Lille, France), Scientist

Laboratoire de Météorologie Dynamique (Paris, France), Postdoctoral researcher

1/2
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AWARDS

e Harry Otten Prize (2015) ‘ e EGU Oustanding Young Scientist Awards (2004)
e Highly Cited Researcher from Thomson-Reuters e CNRS Bronze medal (2000)

Web of Science (2014-2017) e Prud’homme prize of the Société
e Leadership award (Met Office, Dec. 2010) ‘ Météorologique de France (1996)

e Nobel Peace Prize (through IPCC work, 2008)

—— SUMMARY OF PUBLICATION RECORDS

Author and co-author of more than 200 peer-reviewed articles, Web of Science H-index=65, > 18,000 citations

Wang, R., E. Andrews, Y. Balkanski, O. Boucher, G. Myhre, B. H. Samset, M. Schulz, G. L. Schuster, M. Valari, S. Tao,
Representativeness error in the ground-level observation networks for black carbon radiation absorption, Geophysical
Research Letters, in press, 2017.

Boucher, O., P. M. Forster, N. Gruber, M. Ha-Duong, M. Lawrence, T. M. Lenton, A. Maas, and N. Vaughan, 2014:
Rethinking climate engineering categorization in the context of climate change mitigation and adaptation, WIREs
Climate Change, doi:10.1002/wcc.261, 5, 23-35, 2014.

Boucher, 0., and J. Quaas, 2013: Water vapour affects both rain and aerosol, Nature Geoscience, 6, 4-5.

Boucher, O., D. Randall, P. Artaxo, C. Bretherton, G. Feingold, P. Forster, V.-M. Kerminen, Y. Kondo, H. Liao, U. Lohmann,
P. Rasch, S.K. Satheesh, S. Sherwood, B. Stevens and X.Y. Zhang, 2013: Clouds and Aerosols. In: Climate Change 2013:
The Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 571—
658.

Huneeus, N., O. Boucher and F. Chevallier, 2013: Atmospheric inversion of SO, and primary aerosol emissions for the
year 2010, Atmospheric Chemistry and Physics, 13, 6555-6573.

Boucher, O., E. J. Burke, M. Doutriaux-Boucher, P. R. Halloran, C. D. Jones, J. Lowe, M. A. Ringer, E. Robertson, and P.
Wu, 2012: Reversibility in the Earth system in response to CO, concentration changes, Environmental Research Letters,

7, 024013, doi:10.1088/1748-9326/7/2/024013.

Haywood, J. M., N. Bellouin, A. Jones, O. Boucher, M. Wild, and K. P. Shine, 2011. The roles of aerosol, water vapour and
cloud in future global dimming/brightening, Journal of Geophysical Research, D20203, doi:10.1029/2011JD016000.

Boucher, 0., 2010: Stratospheric ozone, ultraviolet radiation and climate change, Weather, 65, 105-110

Carslaw, K., O. Boucher, D. Spracklen, G. Mann, J. Rae, S. Woodward, M. Kulmala, 2010: A review of natural aerosol
interactions and feedbacks within the Earth system, Atmospheric Chemistry and Physics, 10, 1701-1737.

Gedney, N., C. Huntingford, G. P. Weedon, N. Bellouin, O. Boucher, and P. Cox, Detection of solar dimming and
brightening effects on Northern Hemisphere river flow, Nature Geoscience, 7, 796-800, 2014.

MANAGEMENT SKILLS

= Co-ordinator of the AEROSOL subproject of GEMS, = Investigator for several satellite missions on Earth’s observations:
MACC, MACC-Il, MACC-III, CAMSA43 projects. POLDER-2, PARASOL, and CALIPSO.
® Participant to FP7 projects EUTRACE and IMPLICC on = Expert for the European Commission, European Space Agency,
geoengineering CNES (France), CNRS (France), ANR (France), NERC (Great-Britain)
DEGREES

1992-1995 Ph.D. student at the Laboratoire de Météorologie Dynamique, CNRS (Paris) and Department of
Meteorology (University of Stockholm). The topic of the PhD was « Study of cloud-radiation-aerosol
interaction: modeling and simulating with a general circulation model »

1990-1994 Student at the Ecole Normale Supérieure (Paris, France)

2/2




image7.png
Dr. Vincent HUIUNEN

Scientist Atmospheric Composition Modeling
Royal Netherlands Meteorological Institute
40 years old

vincent.huijnen@knmi.nl

A\

EXPERTISE
© Specialist in atmospheric chemistry modeling e Development of the IFS chemistry model component
® Writing/reviewing articles in the field of e Contributing in downstream projects on air pollution
tropospheric chemistry modeling

© Model evaluation expertise

PROFESSIONAL EXPERIENCE

Oct 2016 Royal Netherlands Meteorological Insitute (De Bilt, The Netherlands)

to present Project Leader of the Copernicus Atmospheric Monitoring Services (CAMS) 42 project, “development of
global reactive gases aspects”. Main duties:

v’ Improvement of the reactive gases module of IFS, providing to ECMWF new model versions for the upgrades
of the global CAMS system.

v' Management of

subcontractors,

v’ Drafting and finalizing multiple of the work packages deliverables.

Sept 2007 Royal Netherlands Meteorological Insitute (De Bilt, The Netherlands)

Sept 2016 Scientist atmospheric composition modeling

¥ Development of the of the reactive gases module of IFS.
Development of the reactive gases module in TM5
Contributing to the Analysis of pollution events

Coordinating activities on the validation of the MACC system

ENENEN

Sep. 2012 Forschungszentrum liilich, (Germany)
to Dec.2012 Visiting Scientist within the framework of the EU funded Monitoring the Atmospheric Composition and
Climate project (MACC) Main research domains:

v’ Establishing first connections of chemistry with the aerosol module of IFS
v Knowledge exchange between KNMI and FZ- Jiilich

—— SUMMARY OF PUBLICATION RECORD

V. Huijnen et al., (2016), Fire carbon emissions over maritime southeast Asia in 2015 largest since 1997. Scientific
Reports, 6, 26886.

V. Huijnen et al., (2016), C-IFS-CB05-BASCOE: Stratospheric chemistry in the Integrated Forecasting System of ECMWF.
Geosci. Model Dev., 9, 3071-3091.

J. Flemming, ..., V. Huijnen, et al., (2017) The CAMS interim Reanalysis of Carbon Monoxide, Ozone and Aerosol for
2003-2015. Atmos. Chem. Phys.

V. Huijnen et al. (2016): Tropospheric chemistry in the Integrated Forecasting System, Geosci. Model Dev. Disc.

J. Flemming, V. Huijnen, et al. (2015): Tropospheric chemistry in the Integrated Forecasting System of ECMWF, Geosci.
Model Dev., 8, 975-1003.

L.K. Emmons, ..., V. Huijnen, et al. (2015), The POLARCAT Model Intercomparison Project (POLMIP): overview and
evaluation with observations, Atmos. Chem. Phys., 15, 6721-6744.

H. Eskes, V. Huijnen, et al. (2015): Validation of reactive gases and aerosols in the MACC global analysis and forecast
system, Geosci. Model Dev., 8, 1117-1169.

V. Huijnen, et al. (2012), Hindcast experiments of tropospheric composition during the summer 2010 fires over Western
Russia. Atm. Chem. Phys., 12, 4341-4364.
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K.F. Boersma, ..., V. Huijnen, et al. (2011), An improved tropospheric NO2 column retrieval algorithm for the Ozone
Monitoring Instrument. Atmospheric Measurement Techniques, 4, 1905-1928.

V. Huijnen et al. (2010), Comparison of OMI NO2 tropospheric columns with an ensemble of global and European
regional air quality models, Atm. Chem. Phys., 10, 2010, 3273-3296.

V. Huijnen, et al. (2010), The global chemistry transport model TM5: description and evaluation of the tropospheric
chemistry version 3.0. Geoscientific Model Development, 3, 445-473.

DEGREES

2002-2007 Doctoral Degree in Mechanical Engineering at Eindhoven University of Technology, (The Netherlands)
The main research topic of my PhD was on the development of numerical models on fluid dynamics and
combustion for application to Diesel Engine modeling:

v’ Computational fluid dynamics, combustion modeling.
v’ Large Eddy Simulations

1997-2002 Master of Physical Engineering at Delft University of Technology, Delft (The Netherlands):

v' Specialization: fluid dynamics modeling

2/2




image9.png
RV
Seuropass

PERSONAL INFORMATION

o
WORK EXPERIENCE

01/09/2010-Present

01/01/2017—Present

01/06/1999-30/08/2010

EDUCATION AND TRAINING

01/01/2007-31/12/2007
01/01/1987-31/12/1993

PERSONALSKILLS

Mother tongue(s)
Foreign language(s)

English
French
Norwegian

Organisational / managerial skills

26/11/18

Curriculum vitae

Schulz Michael

@ Lilieveien 2a, 1452 Nesoddtangen (Norway)
@ +4798471672
B michael schulz@metno

u
Senior Researcher
Norwegian Meteorological Institute, Oslo (Norway)
Deputy Head of Climate and Air Pollution Section, Aerosol and Climate Research, Project
management, Professor at UiO
Adjunct Professor Il
University of Oslo, Dept of Geosciences, Oslo (Norway)
Senior Research Scientist
Laboratoire des Sciences du Climat et de I'Environnement, CEA, Gif-sur-Yvette (France)
Group Leader, Modelling of Biogeochemical Cycles

|

Habilitation
Université Pierre & Marie Curie, Paris VI (University), Paris (France)
Constraining Model Estimates of the Aerosol Radiative Forcing

Dr. rer nat
University of Hamburg, Chemistry Department, Hamburg (Germany)
Thesis title: "Spatial and temporal distribution of airbome inputs of trace elements into the North Sea"

u
Geman
UNDERSTANDING SPEAKING WRITING
Listening Reading Spoken interaction | Spoken production
c2 c2 Cc1 Cc1 Cc1
C1 Cc1 Cc1 Cc1 B2
C1 Cc1 B1 B1 B1
Levels: A1 and A2: Basic user - B1 and B2: Independent user - C1 and C2: Proficientuser
Common Eur Framework of Reference for s
Group leader, EU and national research project management experience
Scientific Management:
© European Union, 20022018 | http://europass.cedefop.europa.eu Page1/2
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Curriculum vitae Schulz Michael

Lead&contributing author of the IPCC 4th/5th AssessmentReport 2007 / 2013
Co-chair of AerChemMIP CMIP6 intercomparison initiative (since 2015)

Coordinator of international AeroCom initiative "Aerosol Comparisons between Observations and
Models" (since 2002)

Chairman of Regional Steering Group forregional node North Africa-Middle East-Europe of "WMO
Sand and Dust StormWaming Advisory and Assessment System” ( 2008-2014)

Grant Management:
PI (work package leader) for numerous EU and ESA projects ECLIPSE, IMPLICC, ACTRIS, ISENES,

EUCAARI, GEOMON, GEMS/MACC, PHOENICS, BASYS-Atmosphere, cci-aerosol

Coordinator in Norwegian, French, German projects funded by national research agencies AeroCom-
P3, N-TWO-O, AtmoMar P for EU-CREATE “Creation and Exploitation of a European Aerosol
Database” 2003-2005

ADDITIONAL INFORMATION ]

Publications  (h-index 56, more than 13500 citations)
Eskes, H., Huinen, V., Arola, ..M., Schulz, ...: Validation of reactive gases and aerosols in the MACC
global analysis and forecast system, Geosd. Model Dev., 8, 3523-3543, doi:10.5194/gmd-8-3523-
2015,2015.
Samset B.H:, G. Myhre, M. Schulz: Upward adjustment needed for aerosol radiative forcing
uncertainty; Nature Climate Change 4, 230-232 (2014); doi:10.1038/ndimate2170
Bond, T. C., Doherty, S. J., Fahey, ... Schulz, M., et a: Bounding the role of black carbon in the
climate system: A scientific assessment, Joumal of Geophysical Research: Atmospheres,
doi:10.1002jgrd 50171
Samset B.H. et al: Black carbon vertical profiles strongly affect its radiative forcing uncertainty; Atmos.
Chem. Phys., 13, 2423-2434; doi:10.5194/acp-13-2423-2013
Myhre G., B. H. Samset, M. Schulz et al.: Radiative forcing of the direct aerosol effect from AeroCom
Phase Il simulations; Atmos. Chem. Phys., 13, 1853-1877; doi:10.5194/acp-13-1853-2013
Shindell, D. T, J.-F.Lamarque, M. Schulz, et al.: Radiative forcing in the ACCMIP historical and future
climate simulations, Atmos. Chem. Phys., 13, 2939-2974, doi:10.5194/acp-13-2939-2013.
Koffi, B., M. Schulz, F-M. Bréon, et al., Application of the CALIOP layer product to evaluate the
vertical distribution of aerosols estimated by global models: AeroCom phase | results, J. Geophys.
Res., 117, D10201, doi:10.1029/2011JD016858.
Szopa S., Y. Balkanski, M. Schulz, et a. Aerosol and Ozone changes as forcing for Climate Evolution
between 1850 and 2100. Climate Dynamics, DOI: 10.1007/s00382-012-1408-y.
Schulz, M., C. Textor, S. Kinne, et al. Radiative forcing by aerosols as derived from the AeroCom
present-day and pre-industrial simulations. Atmos Chem Phys, 6, 5225-5246.
Schwarz, J. P, R. S. Gao, D. W. Fahey, ... M. Schulz, et al. Single-particle measurements of
midatitude black carbon and light-scattering aerosols from the boundary layer to the lower
stratosphere. Journal of Geophysical Research, doi:16210.11029/12006JD007076.
Textor, C., M. Schulz, S. Guibert, et al.: Analysis and quantification of the diversities of aerosol life
cycles within AeroCom. Atmos. Chem. Phys., 6, 1777-1813.

26/11/18 © European Union, 2002-2018 | http://europass.cedefop.europa.eu Page2 /2




image11.png
‘;*éuropass

PERSONAL INFORMATION

POSITION APPLIED FOR

WORK EXPERIENCE

Sep. 2014 — Present

May 2014 — Jul. 2014

Jan. 2014 —Mar. 2014

EDUCATION AND TRAINING

2011 -2013
Jun. 2010
2010

2008

PERSONAL SKILLS

Mother tongue(s)
Other language(s)

English

Communication skills

Curriculum Vitae Augustin Mortier

Augustin Mortier

9 Sognsvannsveien 47b - 0372 Oslo - Norway
B +33 630181968
= augustinm@met.no

Sex Male | Date of birth 15/02/1988 | Nationality French

MACC-VAL

Post-Doc - Researcher (2016)

Meteorological Norwegian Institute — Oslo (Norway)

= Processing and analysis of Ceilometer measurements

- Comparison of aerosols properties between model and measurements
Research Assistant

Chinese Academy of Sciences - Institute of Remote Sensing and Digital Earth — Beijing
(China)

= Lidar calibration and data processing

+ Knowledge transfer

Research Engineer

CIMEL Electronics company — Paris (France)

= Development of an user-friendly interface for Lidar and Sunphotometer data processing

Ph. D. Thesis in Atmospheric Physics (with honours)

Laboratoire d’Optique Atmosphérique - Université de Lille 1, Villeneuve d'Ascq (France)

= Trends and Variability of aerosols combining micro Lidar and Sun-photometer over Lille and
Dakar

Lidar Summer school

Aspet (France)

= Theoretical and practical basis on Lidars

Research Master (with honours)

Université de Lille 1, Villeneuve d'Ascq (France)

= Optics, Molecular and Atmospheric Physics

Licence (Bachelor od Science)
Université de Lille 1, Villeneuve d'Ascq (France)

= Fundamental Physics

u
French
UNDERSTANDING SPEAKING WRITING
Listening Reading Spoken interaction | Spoken production
Good Good Good Good Good

Levels: A1/2: Basic user - B1/2: Independent user - C1/2 Proficient user
Common European Framework of Reference for Languages

= Good scientific communication skills gained through the several oral and poster
presentations done during national/international conferences and workshops.

© European Union, 2002-2013 | http://europass.cedefop.europa.eu Page 1/3
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Computer skills

ADDITIONAL INFORMATION

Publications

Publications submitted

Oral presentations

Curriculum Vitae Augustin Mortier

= Programming in Python, Scilab/Matlab, Fortran, Shell
- Basis of TCLTK, IDL
+ HTML/CSS , Javascript, jQuery (ex: http:/aerocom.met.no/vprofiles/)

= Zhao Liu, Augustin Mortier, Zhenggiang Li, et al., Improving Daytime Planetary Boundary
Layer Height Determination from CALIOP: Validation Based on Ground-Based Lidar Station,
Advances in Meteorology, vol. 2017, Article ID 5759074, 14 pages, 2017.
doi:10.1155/2017/5759074

« Boichu, M.; Goloub, P.; Sohne, N.; Clarisse, L.; Bauduin, S.; Hendrick, F.; Theys, N.; Van
Roozendael, M.; Tanre, D.; Chiapello, |.; Brogniez, C.; Péré, J. C.; Thieuleux, F., Torres, B.,
Blarel, L., Mortier, A., Podvin, T.,Current challenges in modelling far-range air pollution
induced by the 2014-2015 Baroarbunga fissure eruption (Iceland), Atmo. Chem. and Phy.,
2016, doi/10.5194/acp-16-10831-2016

+ Bovchaliuk, V., Goloub, P., Podvin, T., Veselovskii, I., Tanre, D., Chaikovsky, A., Dubovik,
O., Mortier, A., Lopatin, A., Korenskiy, M., and Victori, S.: Comparison of aerosol properties
retrieved using GARRLIC, LIRIC, and Raman algorithms applied to multi-wavelength lidar
and sun/sky-photometer data, Atmos. Meas. Tech., 9, 3391-3405,
https://doi.org/10.5194/amt-9-3391-2016, 2016.

* Mortier, A., P. Goloub, Y. Derimian, D. Tanré, T. Podvin, L. Blarel, C. Deroo, B. Marticorena,
A. Diallo, and T. Ndiaye (2016), Climatology of aerosol properties and clear-sky shortwave
radiative effects using Lidar and Sun photometer observations in the Dakar site, J. Geophys.
Res. Atmos., 121, 6489-6510, doi:10.1002/2015JD024588.

- E. Cuevas, C. Camino, A. Benedetti, S. Basart, E. Terradellas, J. M. Baldasano, J.-J
Morcrette, B. Marticorena, P. Goloub, A. Mortier, A. Berjon, Y. Hernandez, M. Gil-Ojeda, and
M. Schulz, The MACC-II 2007-2008 reanalysis: atmospheric dust evaluation and
characterization over Northern Africa and Middle East, Atmos. Chem. Phy, 2015

= W. Zhang, A. Mottier, Y. Zhang, Z. Li, H. Xu, D. Liu, Z. Wang, Y. Zhang, Y. Ma, F. Zhang,
and Y. Lv, Spatial and Temporal Variability of Aerosol Vertical Distribution Based on Lidar
Observations: A Haze Case Study over Jinhua Basin, Advances in Meterorology, Volume 4,
2014

= A. Mortier, P. Goloub, T. Podvin, C. Deroo, A. Chaikovsky, N. Ajtai, L. Blarel, D. Tanre, and
Y. Derimian, Detection and characterization of volcanic ash plumes over Lille during the
Eyjafjallajokull eruption, Atmos. Chem. Phys., 13 (7), 3705-3720, 2013

Y. Karol, D. Tanré, P. Goloub, C. Vervaerde, J. Y. Balois, L. Blarel, T. Podvin, A. Mortier,
and A. Chaikovsky, Airborne sunphotometer PLASMA: concept, measurements, comparison
of aerosol extinction vertical profile with lidar, Atmos. Meas. Tech. 6, 2382-2389, 2013

+ F. Unga, M. Mihai, A. Timofte, D. Bostan, A. Mortier, D. G. Dimitriu, S. Gurlui, and P.
Goloub, Study of tropospheric aerosol types over lasi, Romania, during summer of 2012,
Environmental Engineering and Management Journal, 12, 297-303, 2013

= W. Aas, A. Mortier, V. Bowersox, R. Cherian, G. Faluvegi, H. Fagerli, J. Hand, Z. Klimont,
C. Galy-Lacaux, C. M.B. Lehmann, C. Lund Myhre, G. Myhre, D. Olivi¢, K. Sato, J. Quaas,
P.S.P. Rao, M. Schulz, D. Shindell, R. B. Skeie, A. Stein, T. Takemura, S. Tsyro, R. Vet,
Xiaobin Xu, Consistency in our understanding of the sulfur trends, Nature Geoscience, 2018

« Popovici, I. E., Goloub, P., Podvin, T., Blarel, L., Loisil, R., Unga, F., Mortier, A., Deroo, C.,
Victori, S., Ducos, F., Torres, B., Delegove, C., Choél, M., Pujol-Séhne, N., and Pietras, C.:
Description and applications of a mobile system performing on-road aerosol remote sensing
and in situ measurements, Atmos. Meas. Tech. Discuss.,
https://doi.org/10.5194/amt-2018-103, in review, 2018.

« Aas et al., Evaluation of global models abilities to assess the regional and global sulfate
aerosol trends, 1990-2015, EGU 2018

« Popovici et al., Mobile observing system for aerosol spatial and vertical distribution mapping
using on-road measurements, EGU 2018

* Mortier et al., Use of EARLINET climatology for validation of vertical model profiles, EGU
2017

« Boichu et al., Tracking far-range volcanogenic air pollution, EGU 2016

= T. Podvin, P. Goloub, D. Tanré, |. Vesselovskii, V. Bovchaliuk, A. Mortier, S. Victori, LILAS,
un LIDAR multispectral et Raman pour I'étude des aérosols, de la vapeur d'eau et des
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Dr. Pierre NABAT

Météo-France / CNRM

Centre National de Recherches Météorologiques i
28 years old

pierre.nabat@meteo.fr

http://www.cnrm-game.fr/spip.php?article889

EXPERTISE RELEVANT TO THE CAMS43 CALL

e Experience on aerosol modelling in three climate e Participation in the implementation of the AER
models (RegCM, CNRM-RCSM and CNRM-CM) and module in CNRM-RCSM and CNRM-CM.
aerosol-radiation-cloud interactions.

PROFESSIONAL EXPERIENCE

Oct 2014 MF-CNRM Centre National de Recherches Météorologiques (Toulouse, France)
to present Researcher. Main research domains include :
v Aerosol modelling in CNRM-CM and CNRM-RCSM
v’ Study of aerosol-radiation-cloud interactions
¥ Role of aerosols in the Mediterranean climate system
v Participation in different international programmes (Med-CORDEX, ChArMEx, CRESCENDO,
AerChemMIP)

Sept 2011 MF-CNRM Centre National de Recherches Météorologiques (Toulouse, France)
toOct2014  Ph.D Student
¥ Title: Aerosol-radiation-cloud interactions and climatic variability over the Mediterranean region :
regional coupled modeling approach
v’ Supervisors : M. Déqué, S. Somot and M. Mallet

February 2011 ICTP International Centre for Theoretical Physics (Trieste, Italy)

toJune 2011 Master Student.
v Title: Modeling aerosol processes and aerosol climatic effects in regional climate models
v’ Supervisors : F. Giorgi and F. Solmon

AWARDS
e 2015 : Prud’homme prize (Société atmosphere-ocean _model over the Mediterranean
Météorologique de France) region, Atm. Chem. Phys, 15, 3303-3326,
e 2015 : Outstanding Student Poster Awards DOI:10.5194/acp-15-3303-2015.
(EGU) Michou, M., Nabat, P., and Saint-Martin, D. (2015),

Development and basic evaluation of a prognostic
aerosol scheme (v1) in the CNRM Climate Model CNRM-
CM6, Geosci. Model Dev., 8, 501-531,
DOI:10.5194/gmd-8-501-2015.

e 2014 : Léopold Escande prize (Institut National
Polytechnique de Toulouse)

SUMMARY OF PUBLICATION RECORDS
Nabat, P., Somot, S., Mallet, M., Sevault, F., Chiacchio,

Nabat, P., Somot, S., Mallet, M., Michou, M., Sevault, F., M. and Wild, M. (2015), Direct and sem
Driouech F., Meloni, D., Di Sarra, A., Di Biagio, C.,
Formenti, P., Sicard, M., Léon, J.-F. and Bouin, M.-N.
(2015), Dust aerosol radiative effects during summer
2012 simulated with a coupled regional aerosol-

ect aerosol
radiative effect on the Mediterranean climate variability

using a coupled Regional Climate System Model Climate
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dynamics, 44, 1127-1155, DOI:10.1007/s00382-014-
2205-6

Nabat, P., Somot, S., Mallet, M., Sanchez-Lorenzo, A.
and Wild, M. (2014), Contribution of anthropogenic
sulfate aerosols to the changing Euro-Mediterranean
climate since 1980, Geophys. Res. Lett., 41, 5605-5611,
DOI:10.1002/2014GL060798.

Sevault, F., Somot, S., Alias, A., Dubois, C., Lebeaupin-
Brossier, C., Nabat, P., Adloff, A., Déqué, M. and
Decharme, B, A fully-coupled Mediterranean Regional

Climate System Model : design and evaluation of the
ocean component for the 1980-2012 period, Tellus, 66,
23967, DOI:10.3402/tellusa.v66.23967.

Nabat, P., SomotS., Mallet M., Chiapello I.,

Morcrette J.-J., Solmon F., Szopa S., Dulac F., Collins W.,
Ghan S., Horowitz L.W., Lamarque J.F., Lee Y. H.,

Naik V., Nagashima T., Shindell, D., and Skeie R. (2013),
A 4-D climatology (1979-2009) of the monthly
tropospheric aerosol optical depth distribution over the
Mediterranean region from a comparative evaluation

and blending of remote sensing and model products
Atm. Meas. Tech., 6, 1287-1314, DOI:10.5194/amt-6-
1287-2013

Mallet, M., Dubovik, O., Nabat, P., Dulac, F., Kahn, R.,
Sciare, J., Paronis, D., and Léon, J. F. (2013), Absorption
properties of Mediterranean aerosols obtained from

multi-year ground-based remote sensing observations
Atm. Chem. Phys., 13,9195-9210, DOI:10.5194/acp-13-
9195-2013

Nabat, P., Solmon F., Mallet M., Kok J.F., Somot S
(2012), Dust emission size distribution impact on
aerosol budget and radiative forcing over the

Mediterranean region : a regional climate model
approach Atm. Chem. Phys., 12, 10545-10567,
DOI:10.5194/acp-12-10545-2012

Nabat, P. (2012), Modélisation des aérosols sur la
région méditerranéenne La Météorologie, 8¢me série,
76, février 2012.

COMPUTING, ENGINEERING
Operating systems: Windows, Linux

Computing: Fortran 90, Matlab, R, shell UNIX, ncl
Others: Microsoft Office, Open Office, Latex

DEGREES

2011-2014 Doctoral Degree in Atmospheric

Sciences at MF-CNRM (Toulouse, France)
Title: Aerosol-radiation-cloud interactions
and climatic variability over the
Mediterranean region : regional
coupled modeling approach

2010-2011 Master of Oceanic, Atmospheric and
Land Surface Sciences at ENM and
University Paul Sabatier (Toulouse,
France).

2008-2011 Engineer in Meteorology at ENM

(Toulouse, France)
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Dr. Martine MICHOU
Météo-France Engineer/Researcher
CNRM (Centre National de Recherches Météorologiques)

56 years old

martine.michou@meteo.fr

EXPERTISE RELEVANT TO THE CAMS43 CALL

o Expertise in running and e Experience in aerosol e Member of the
updating ARPEGE-Climat, modelling AeroCOM/AerChemMIP
climate version of C-IFS e Good command of modelling communities

o Expertise in the C-IFS pre- meteorological interactions e Experience in project
operational aerosol model with aerosols management

PROFESSIONAL EXPERIENCE

2000
to present

2010-

2006-2009

2000-2005

1996-1999

1993-1995

Météo-France Centre National Recherches Météorologiques (CNRM, Toulouse, France)
Engineer/Researcher in the Groupe de Modélisation Grande Echelle et Climat (GMGEC) of Météo-
France. Main research areas include:

Implementation, validation, use and update of the C-IFS-AER aerosol module within the climate model
of Météo-France, CNRM-CM

Implementation, validation and use of an upper-tropospheric stratospheric chemistry module within
CNRM-CM, derived from the MOCAGE chemistry module

Development, validation and use of a surface exchange module (dry deposition and emissions) for the
gaseous species of the MOCAGE Chemistry and Transport Model chemical scheme

Météo-France (Toulouse, France)

Data manager at the International Geosphere Biosphere Programme Data Information System
(IGPB/DIS) Office, including being responsible for the development and coordination of data
management policies within IGBP, such as assistance to IGBP Core Projects in the development of their
individual data system plans or carrying out activities leading directly to the generation of data sets.

National Center for Atmospheric Research (Boulder, USA)
Data manager at the TOGA COARE (Coupled Ocean Atmosphere Research Experiment) International

—Project Office to ensure availability to both meteorologists and oceanographers of quality data

1990-1992

1987-1989

1986

measured during the TOGA COARE Intensive Observing Period (Nov 1992- Feb 1993). Major projects
concerned in-situ data such as upper-air sounding data, drop sonde aircraft data or drifting buoy data,
or remotely sensed data from a variety of satellites (e.g. GMS) and research aircraft (e.g., NOAA P3 or
NASA ER-2).

World Meteorological Organization (Geneva, Switzerland)

Data manager at the International TOGA (Tropical Ocean Global Atmosphere) Project Office to ensure
availability to both meteorologists and oceanographers of routinely acquired quality data during the
TOGA period that started in 1985, e.g., moored buoy data in the Equatorial Pacific.

Météorologie Nationale (Paris, France)

Scientific and computing developer within the PREVI/DEV Division, notably Statistical adaptation of
numerical weather forecast model outputs, and development of the BDAP (Banque de Données
Analysées et Prévues) for the operational use of weather forecasters.

French and American schools (Jakarta, Indonesia)
Teacher in computing sciences

12
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— SUMMARY OF PUBLICATION RECORD

Morgenstern, O., M. I. Hegglin, E. Rozanov, F. O’Connor, L. Abraham, H. Akiyoshi, A. Archibald, S. Bekki, N. Butchart, M.
Chipperfield, M. Deushi, S. Dhomse, R. Garcia, S. Hardiman, L. Horowitz, P. Joeckel, B. Josse, D. Kinnison, M. Lin, E.
Mancini, M. Manyin, M. Marchand, V. Marecal, M. Michou, L. D. Oman, G. Pitari, D. A. Plummer, L. E. Revell, D. Saint-
Martin, R. Schofield, A. Stenke, K. Stone, K. Sudo, T. Y. Tanaka, S. Tilmes, Y. Yamashita, K. Yoshida, and G. Zeng
(2017), Review of the global models used within phase 1 of the Chemistry—Climate Model Initiative (CCMI), Geosci.
Model Dev., 10, 639-671,https://doi.org/10.5194/gmd-10-639-2017

Watson, L. M. Michou, P. Nabat, and D. Saint-Martin (2017), Assessment of CNRM coupled ocean-atmosphere model
sensitivity to the representation of aerosols, Clim. Dyn., https://doi.org/10.1007/s00382-017-4054-6

Michou, M., Nabat, P., and Saint-Martin, D., 2015: Development and basic evaluation of a prognostic aerosol scheme
(v1) in the CNRM Climate Model CNRM-CM6, Geosci. Model Dev., 8, 501-531, doi:10.5194/gmd-8-501-2015, 2015.

Nabat, P., Somot, S., Mallet, M., Michou, M., Sevault, F., Driouech F., Meloni, D., Di Sarra, A., Sicard, M., Léon, J.-F. and
Bouin, 2015: Dust aerosol radiative effects during summer 2012 simulated with a coupled regional aerosol-atmosphere-
ocean model over the Mediterranean region, Atm. Chem. Phys., 15, 3303-3326, DOI:10.5194/acp-15-3303-2015

Dumont M., E. Brun, G. Picard, M. Michou, Q. Libois, J-R. Petit, M. Geyer, S. Morin and B. Josse, 2014: Contribution of
light-absorbing impurities in snow to Greenland’s darkening since 2009, Nature Geoscience 7, 509-512 (2014),
doi:10.1038/nge02180.

Huszar, P., Teyssédre, H., Michou, M., Voldoire, A., Olivié, D. J. L., Saint-Martin, D., Cariolle, D., Senesi, S., Salas Y Melia,
D., Alias, A., Karcher, F., Ricaud, P., and Halenka, T, 2013: Modeling the present and future impact of aviation on climate:
an AOGCM approach with online coupled, Atmos. Chem. Phys., 13, 10027-10048, doi:10.5194/acp-13-10027-2013.

Michou, M., Saint-Martin, D., Teyssédre, H., Alias, A., Karcher, F., Olivié, D., Voldoire, A., Josse, B., Peuch, V.-H., Clark, H.,
Lee, J. N., and Chéroux, F., 2011: A new version of the CNRM Chemistry-Climate Model, CNRM-CCM : description and
improvements from the CCMVal-2, Geosci. Model Dev., 4, 873-900, doi:10.5194/gmd-4-873-2011.

Ménégoz, M., Salas y Melia, D., Legrand, M., Teyssédre, H., Michou, M., Peuch, V.-H., Martet, M., Josse, B., and
Dombrowski-Etchevers, 1., 2009: Equilibrium of sinks and sources of sulphate over Europe: comparison
between a six-year simulation and EMEP observations, Atmos. Chem. Phys., 9, 4505-4519, doi:10.5194/acp-9-4505-
2009.

Teyssédre, H., M. Michou, H.L Clark, B. Josse, F. Karcher, D. Olivié, V.H. Peuch, D. Saint-Martin, D. Cariolle, J.L. Attié, P.
Nédélec, P. Ricaud, V. Thouret, R.J. van der A and A. Volz-Thomas, 2007:A new tropospheric and stratospheric Chemistry
and Transport Model MOCAGE-Climat for multi-year studies: evaluation of the present-day climatology and sensitivity
to surface processes, Atm. Chem. Phys., 2007, 7,22, 5815-5860.

Michou, M. et al., 2004, Measured and modeled dry deposition velocities over the ESCOMPTE area, Atmos. Res., 74, 89-
116, doi:10 ;1016/j.atmosres.2004.04.011.

—— COMPUTING, ENGINEERING, MANAGEMENT SKILLS

Operating systems Languages Others
NEC and BULL supercomputing Fortran90 Latex
environments ncl
Linux
—— DEGREES

2002-2005 Doctoral Degree in Atmospheric at University Paul Sabatier (Toulouse, France),
The main research topic of my PhD was the modelling of surface exchanges in the MOCAGE multiscale
Chemistry and Transport Model

1982-1985 Ingénieur des Travaux at Ecole Nationale de la Météorologie (Toulouse, France)
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Dr. Graham Mann
Lecturer in Atmospheric Science (stratospheric aerosol and volcanic radiative effects)
Room 10.108, School of Earth and Environment, University of Leeds, Leeds, LS2 9JT, UK
Tel: 0113 3431660, Email: G.W.Mann@leeds.ac.uk

Education and Employment

e BScApplied Mathematics (2:1), University of Warwick, (Oct 1991 — July 1994).

e PhD Atmospheric Science, University of Leeds, “Surface Heat and Water Vapour Budgets in

Antarctica”, supervised by Prof. Stephen Mobbs, (Oct 1994 — Jul 1998).

e ResearchAssociate placement at British Antarctic Survey, Cambridge, (Jan 1998 - Apr 1998).
PDRA Univ. Leeds (PI Prof Stephen Mobbs, NERC std grant) “Wind-borne Redistribution of
Snow over an Antarctic Ice Rise: Implications for Ice Core Interpretation” (Apr 1998- Mar 2001)

PDRA Univ. of Leeds (PI Prof. Ken Carslaw, EU FP5 grant) “MApping of Polar Stratospheric

Clouds in the Region of Europe (MAPSCORE)” (Apr 2001 - Mar 2003).

PDRA, Univ. of Leeds (P! Prof. Ken Carslaw, NERC standard grant) “Interpretation of Lidar

measurements of Polar Stratospheric Clouds” (Apr 2003 - Sept 2004).

PDRA, Univ. of Leeds (P! Prof. Ken Carslaw, National Centre for Atmospheric Science (NCAS)

Global Aerosol Modelling Research Scientist, UKCA project (Oct 2004 - Mar2014)

made permanent academic staff following “Validation Interview” in April 2005).

e Senior NCAS Research Scientist, Univ. Leeds (P! Prof. Ken Carslaw) (Apr 2014 — Sep 2017).

Overview of currentactivities

Dr Graham Mann is a Lecturer in Atmospheric Science at the University of Leeds and transitioned
in September 2017 from a Senior Research Scientist in the National Centre for Atmosphere
Science (NCAS) for the UK Chemistry and Aerosol project (UKCA, http://www.ukca.ac.uk).

Dr. Mann has 20 years research experience in atmospheric science at the University of Leeds.

At July 2018, he has over 65 publications in leading peer-reviewed journals including 41 in
Atmospheric Chemistry and Physics, 6 in the Journal of Geophysical Research, 4 in Geophysical
Research Letters, 2 in Nature and 1 in Proceedings of the National Academy of Sciences (PNAS).

Dr. Mann is a member of the steering committee for the international SPARC -sponsored initiative
on Stratospheric Sulphur and its Role in Climate “SSIRC”. He is co-leading the “ISA-MIP” model
intercomparison within SSIRC for interactive stratospheric aerosol models. A senior member of the
aerosol modelling group (http://www.see.leeds.ac.uk/aerosol)in the Institute for Climate and
Atmospheric Science (ICAS) within the School of Earth Environment, he leads the development of
the GLOMAP-mode aerosol microphysics module, which is now included in several modelling
frameworks including the TOMCAT chemistry transport model (Mann et al., 2010), the UKCA sub-
model in the UK Met Office Unified Model (MetUM) (see Bellouin et al., 2013) and the Integrated
Forecast System (IFS) of the European Centre for Medium-Range Weather Forecasting (ECMWF).
Dr Mann works closely on model development with researchers in several different groups at the
Met Office and at ECMWF, and is code-owner for GLOMAP-mode in both the MetUM and the IFS.
Dr. Mann has an established track record of research direction having led the supervision of a
CASE PhD studentship (Matt Woodhouse) with the Met Office on DMS-aerosoal interactions and
been a co-supervisor on several other PhD studentships (e.g. Paul Manktelow, Anja Schmidt). All
three of these PhD students have published at least 3 peer-review publications in high quality
journals during their project. Dr. Mann also provides ongoing training and support to a range of
PhD and postdoctorate researchers in the global aerosol and chemistry modelling groups in ICAS.

Dr. Mann is lead supervisor on two PhD studentships “Nitrate aerosol: Implications for European
climate and air quality” (Leeds-York DTP, CASE with UK Met Office)and “Assessing the Role of
Ash in the Global Dispersion of the Stratospheric Aerosol Cloud from the 1991 Mount Pinatubo
Eruption” (50% CAMS43, 50% SEE, MO partner studentship) and co-supervisor on the PhD
studentship “Eruption source parameters controlling the climatic and environmental effects of
volcanism” (3 year, Leeds-York DTP).

Dr. Mann is Pl on the “Meteoric Influences on stratospheric aerosol and polar clouds (MeteorStrat)”
NERC standard grant and the “Aerosol and Chemistry Efficiency (ACE)” project funded by the
JWCRP via NCAS, and was Pl of the MACC-Il and MACC-Ill projects (PDRAs: Sandip Dhomse,
Francois Benduhn, Wil Hewson). He was lead Pl on the NERC QUEST tender “QESM-dust”, and
was co-| on aerosol measurements synthesis project GASSP (http:/gassp.org.uk), the ASCI
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project on aerosol-cloud interactions, the SAMBBA project on biomass burning aerosol, the UKCA-
PSC project on polar stratospheric clouds and the PEGASOS EU air quality-climate project. He
also been co-l on several other NERC & EU projects: AEROS (quantifying uncertainty in global
aerosol models), the UKCA-STRAT project (stratospheric aerosol microphysics). MACC (aerosol
forecasting with GLOMAP in ECMWF-IFS), EUCAARI (European Integrated Project on aerosol).
Dr. Mann led the global aerosol microphysics working group within the international AEROCOM
model intercomparison and evaluation initiaitive (http:/aerocom.met.no). He has field campaign
experience in projects at Isle of Arran (Scotland) and at Kiruna (Arctic Sweden). He also
successfully leveraged additional model support (Mark Richardson, Numerical Algorithms Group)
to re-factor and improve parallel-execution on HECToR of TOMCAT-GLOMAP via three funded
distributed CSE proposals (http:/www.hector.ac.uk/cse/reports/dCSE Report GLOMAP v3.pdf ).
Convenor: Dr. Mann is lead convenor for the “Observations and modelling of stratospheric
aerosol” session in EGU 2019 and was a convenor for sessions at 2016 and 2018 EGU meetings.

Editor: Dr. Mann is Topical Editor for Geoscientific Model Development journal (since April 2014)

Reviewing: Dr. Mann reviews for several journals: Nature Communications, J. Geophys. Res.,
Atmos. Chem. Phys., Geosci. Mod. Dev., Environ. Res. Lett. and Atmospheric Environment.

Recent published papers

1. Marshall, L., Schmidt, A., et al. incl. Mann G.W.: (2018), “Multi-model comparison of volcanic
sulfate deposition from the 1815 Tambora eruption”, Atmos. Chem. Phys., 18(3): 2307-2328.

2. Timmreck, C., Mann, G.W. et al. “The Interactive Stratospheric Aerosol Model Intercomparison
Project (ISA-MIP): Motivation & experimental design”, Geosci. Mod. Dev., 11, 2581-2608 2018.

3. Brooke, J. S. A, Feng W., Carrillo-Sanchez J.D., Mann G.W., et al. (2017) : “Meteoric Smoke
Deposition in the polar regions: A comparison of measurements with global atmospheric
models”, J. Geophys. Res.-Atmospheres, 122(20):11,112-11,130.

4. Butt, E. W., Turnock, S., Rigby, R. et al. including Mann, G.W.: (2017) “Global and regional
trends in particulate air pollution and attributable health burden over the past 50 years”,
Environmental Research Letters, 12(10), Article number 104017.

5. Reddington, C., Carslaw, K. S., Stier, P. et al. including Mann, G.W.: (2017)*The global aerosol
synthesis and science project (GASSP): Measurements and modelling to reduce uncertainty”,
Bulletin of the American Meteorological Society 98(9):1857-1877.

6. Malavelle, F. F., Haywood, J. M. et al. including Mann, G.W.: (2017) “Strong constraints on
aerosol—cloud interactions from volcanic eruptions”, Nature, 546, 485-491.

7. Planche, C., Mann, G. W., Carslaw K. S., Dalvi M, Marsham J. H. and Field, P. R.: (2017)
“Spatial and temporal CCN variations in convection-permitting aerosol microphysics
simulations in an idealised marine tropical domain”, Atmos. Chem. Phys., 17(5), 3371-3384.

8. Johnson B.T., Haywood J. M, et al. including Mann, G. W.: (2016) “Evaluation of biomass
burning aerosols in the HadGEM3 climate model with observations from the SAMBBA field
campaign”, Atmos. Chem. Phys., 16(22):14657-14685 2016

9. Benduhn, F., Mann, G.W., Pringle, K. J. et al.: (2016) “Size-resolved simulations of the aerosol
inorganic composition with the new hybrid dissolution solver HyDiS-1.0 — Description,
evaluation and first global modelling results”, Geosci. Model Dev., 9, 3875-3906. 2016

10. Mann, G.W., Dhomse, S, Deshler, T. et al. (2015) “Evolving particle size is the key to improved
volcanic forcings”, Past Global Change, 23 (2). pp. 52-53. ISSN 1811-1602.

11. Schmidt, A. et al., including Mann, G. W.: (2015) “Selective environmental stress from sulphur
emitted by continental flood basalt eruptions”, Nature Geoscience, 9 (1). 77-82,.

12. Regayre L.A. etal., including Mann, G. W.: (2015): “The Climatic Importance of Uncertainties
in Regional Aerosol-Cloud Radiative Forcings in Recent Decades”, J. Climate, 28, 6589-6607.

13. Turnock, S. et al., including Mann, G. W. (2015): Modelled and observed changes in aerosols
and surface solar radiation over Europe 1960-2009 Atmos. Chem. Phys., 15, 9477-9500.

14. Dhomse, S., et al. incl. Mann, G. W., (2015) Revisiting the hemispheric asymmetry in mid-
latitude O3 changes following the Mt Pinatubo eruption, Geophys. Res. Lett., 42, 3038-3047.

15. Dhomse, S., et al. incl. Mann, G. W. (2014): Aerosol microphysics simulations of the Pinatubo
eruption with the UKCA composition-climate model Atmos. Chem. Phys. 14, 10845-10895

16. Mann, G.W.,, et al. (2014): Intercomparison and evaluation of aerosol microphysical properties
among AeroCom global models of a range of complexity, Atmos. Chem. Phys., 14, 4679-4713.
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KAMALIKA SENGUPTA

Flat 29, Cliff Court. 46, Cliff Road , Leeds , West Yorkshire LS6 2ET 4 M: 7463740760 &
k.senguptal3@leeds.ac.uk

SumMMARY

Researcher with over 6 years' experience in scientific data analysis and modelling of natural processes.
Proficient in programming in IDL, R and MATLAB to process, analyse and interpret data. Experienced in
predictive modelling, model development and model validation using in-situ and remote-sensing observations.

SKILLS

® Exploratory data analysis, data mining and data ® Competent in working on Linux operating system
visualisation and High Performance Computing environment
® Model development using FORTRAN ® Microsoft Office tools and LaTeX proficient

ACCOMPLISHMENTS

® Managed research projects from conceptualisation to completion.

® A developing list of scientific publications, including in high-impact journals like Nature and Science,
resulting from both independent and collaborative research.

® Qualified the National Eligibility Test (CSIR-UGC NET in Earth Sciences) for Junior Research
Fellowship and Eligibility for Lectureship in India.

® Qualified for the award of full scholarship from three universities in USA, Canada and UK to pursue PhD
research.

® Recipient of the EU Marie Sklodowska-Curie Initial Training Network Fellowship (2013-2016).

‘WoRrk HisTorRY

Postgraduate researcher, 09/2013 to 10/2017
Institute for Climate and Atmospheric Science , University of Leeds —Leeds, United Kingdom
Project: Climate impacts of volatile organic compounds, as part of the CLOUD Experiment at CERN.
® Modelled atmospheric aerosol formation and growth processes. Implemented new physics in a 3-D
process-based numerical model and quantified climatic impacts.
e Developed and validated the model using observations. Constrained the model by exploring parametric
uncertainty.
® Led own research project by identifying gaps in existing scientific knowledge, designing research and
providing appropriate solutions using data, modelling resources and statistical techniques.
o Delivered results by writing code to read, clean, process and visualise large datasets. Made innovative
plots to visualise data and draw firm, insightful conclusions.
Enhanced adaptability and team-working skills by collaborating with a large team of scientists to
implement CERN CLOUD chamber experimental results in the model. Achieved desired results despite
unforeseen technical failures, practical limitations by working with strategic planning and longer hours as
required.
Enhanced communication skills by delivering research presentations at international conferences, in
scientific journals and to project sponsors.
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Research output: Three independent scientific studies each contributing to cutting edge scientific knowledge.

Publicity officer, 01/2014 to Current
Royal Meteorological Society —Leeds, United Kingdom
® Design and draft posters, flyers and regular emails for internal and external audiences.
® Manage website and social media content.
® Support planning and organisation of monthly talks by invited speakers and social events.

Language Editor, 08/2015 to Current
Open Geosciences —Leeds, United Kingdom
® Prescribe editorial corrections to authors, related to English language grammar, structure and flow of
content.

Research Associate, 08/2011 to 06/2013
Centre for Atmospheric Sciences, Indian Institute of Technology Delhi —New Delhi, India
Project: Understanding microphysical evolution of clouds in the Indian CTCZ: variability and impacts of
aerosols.
e Derived key insights on monsoon-time aerosol-cloud-precipiation relationship over the Indian CTCZ
region by analysing remote-sensing data products.
® Developed a climatology of monsoon-time cloud cover over the Indian ocean by assimilating multi-
sensor satellite observations.
e Communicated research at international conferences and to scientific journals.
Additionally,
® Mentored new members in research group with data handling.
o Volunteered as a teaching assistant in an undergraduate taught course on Remote Sensing techniques.
Research output: Two independent scientific studies published in reputed journals.

Part-time private tutor, 08/2006 to 07/2011
Self-employed —Kolkata, India
® Worked as a private tutor for science subjects (Physics, Chemistry and Biology) to groups of 1-3 pupils
aged 11-16.
Planned lessons to supplement school teaching.
Created an atmosphere of trust and open communication with students.
Identified students' individual interests, learning styles and tailored teaching methods accordingly.
Worked with individual students to overcome problem areas in curriculum by planning additional tests,
coming up with problem solving methods, techniques to help during test to ensure progress and boost
confidence.
e Communicated with parents about students' progress and worked with them to maximise student benefits
whenever necessary.

PROFESSIONAL MEMBERSHIPS

Toastmasters International, current member

Royal Meteorological Society, current member

Leeds Ecosystem, Atmosphere and Forest (LEAF) research centre, former member
American Geophysical Union, former member

European Geosciences Union, former member
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Curriculum vitae

PERSONAL INFORMATION

WORK EXPERIENCE

1 Jun 2018-Present

1 Mar 2017-31 May 2018

10ct 2012-31 Oct 2013

1 Dec 2009-31 Mar 2010

EDUCATION AND TRAINING

1 Nov 2013-9 Mar 2017

1 Mar 2010-12 Dec 2012

Jeronimo Escribano

@ Barcelona Supercomputing Center, ¢/Jordi Girona 29, 08014 Barcelona (Spain)
(g +34 934134049

¥ jeronimo.escribano@bsc.es

Post-doctoral researcher
Barcelona Supercomputing Center, Barcelona (Spain)

Developement and maintenance of the aerosol data assimilation system of the NMMB-MONARCH
model.

Development of aerosol LIDAR data assimilation

Post-doctoral researcher
Institut Pierre Simon Laplace (IPSL), Paris (France)

Radiance aerosol data assimilation aspects of the CAMS_43 consortium. CAMS_43 is the global
aerosol developments tender of the Copemicus Atmospheric Monitoring Service (ECMWF/European
Commission).

Research assistant

Center for Climate and Resilience Research, Santiago (Chile)
Signal inversions from LIDAR and ceilometers

Support to modelling and field campaigns

Research internship

Center for Mathematical Modelling, Santiago (Chile)

Treatment of satellite sulphur dioxide observations for source inversions and data assimilation.
Evaluation of emission inventories.

PhD
Université Pierre et Marie Curie, Paris (France)

Thesis entiied “Regional inversion of desert dust sources” (Inversion régionale des sources des
poussiéres desértiques), at the Laboratoire de Météorologie Dynamique (LMD/IPSL)

Master
University of Chile, Santiago (Chile)
Master in Meteorology and Climatology:

Thesis entiied "Boundary layer reflectance and aerosol opfical depth over Santiago” (Capa limite,
reflectancia y espesor dptico de aerosoles sobre Santiago).
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Curriculum vitae

1 Mar 2004-12 Dec 2012

1 Mar 2004-5 Oct 2010

ADDITIONAL INFORMATION

Publications

Jeronimo Escribano

Mathematical Engineering
University of Chile, Santiago (Chile)

Bachelor in Engineering Sciences
University of Chile, Santiago (Chile)

Bachelor in Engineering Sciences, major in Mathematics.

Escribano J., Bozzo A., Dubuisson, P, Flemming, J., Hogan, R.-J., C.-Labonnote, L. and Boucher,
0. (2018). A benchmark for testing the accuracy and computational cost of shortwave top-of-
atmosphere reflectance calculations in clear-sky aerosol-laden atmospheres. Geoscientific Model
Development Discussions. doi:10.5194/gmd-2018-216

Benedetti, A., Reid, J. S., Knippertz, P., Marsham, J. H., Di Giuseppe, F., Rémy, S., Basart, S.,
Boucher, O., Brooks, I. M., Menut, L., Mona, L., Laj, P, Pappalardo, G., Wiedensohler, A.,
Baklanov, A., Brooks, M., Colarco, P. R, Cuevas, E., da Silva, A., Escribano, J., Flemming, J.,
Huneeus, N., Jorba, O., Kazadzs, S., Kinne, S., Popp, T., Quinn, P. K., Sekiyama, T.T., Tanaka, T.,
and Terradellas, E. (2018). Status and future of numerical atmospheric aerosol prediction with a
focus on data requirements, Atmospheric Chemistry and Physics, 18, 10615-10643,
doi:10.5194/acp-18-10615-2018.

Escribano, J., Boucher, O., Chevallier, F., and Huneeus, N. (2017). Impact of the choice of the
satellite aerosol optical depth productin a sub-regional dust emission inversion. Atmospheric
Chemistry and Physics, 17(11): 7111-7126, doi: 10.5194/acp-17-7111-2017.

Escribano, J., Boucher, O., Chevallier, F., and Huneeus, N. (2016). Subregional inversion of North
African dust sources. Journal of Geophysical Research: Atmospheres, 121(14):8549-8566,
doi:10.1002/2016JD025020.

Hourdin, F,, Gueye, M., Diallo, B., Dufresne, J.-L., Escribano, J., Menut, L., Marticoréna, B., Siour,
G., and Guichard, F. (2015). Parameterization of convective transport in the boundary layer and its
impact on the representation of the diurnal cycle of wind and dust emissions. Atmospheric
Chemistry and Physics, 15(12): 6775-6788, doi: 10.5194/acp-15-6775-2015.

Escribano, J., Gallardo, L., Rondanelli, R. and Choi, Y.-S. (2014). Satellite retrievals of aerosol
optical depth over a subtropical urban area: the role of stratification and surface reflectance.
Aerosol and Air Quality Research, (14) 596607, doi:10.4209/aaqr.2013.03.0082.

Gallardo, L., Escribano, J., Dawidowski, L., Rojas, N., Andrade, M.F. and Osses, M. (2012).
Empirical evaluation of vehicle emissions inventories for carbon monoxide and nitrogen oxides for
Bogota, Buenos Aires, Santiago and Sao Paulo. Atmospheric Environment, (47):12-19, doi:
10.1016/j.atmosenv.2011.11.051.
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PERSONAL INFORMATION

WORK EXPERIENCE

1 Jun 2013-Present

1 Mar 2010-28 Feb 2013

1 0ct 2006-28 Feb 2010

EDUCATION AND TRAINING

1 0ct 200012 Jan 2005

Enza Di Tomaso

@ Barcelona Supercomputing Center - Nexus II, Jordi Girona, 29, 08034 Barcelona (Spain)
i enza.ditomaso@bsc.es

Postdoctoral Researcher

Earth Sciences Department, Barcelona Supercomputing Center (BSC), Barcelona (Spain)
Main activities and responsibilities:

- Maintain and further improve the current aerosol data assimilation scheme for the BSC Multiscale
Online Nonhydrostatic AtmospheRe CHemistry model (NMMB-MONARCH);

- Work towards the production of a mineral dust reanalysis;

- Improve the treatment of assimilated observations (both profile and column-integrated observations)
in different aspects: observation error statistics, quality control, observation operators, dust filter;

- Being involved in a number of projects and preparation of proposals funded by ESA (CMUG,
Aerosol_cci2), ERA4CS (DustClim), European Commission (ACTRIS-2), and the Government of
Spain.

- Being a staff member of the Regional Center for Northem Africa, Middle East and Europe of the
'WMO Sand and Dust Storm Waming Advisory and Assessment System (SDS-WAS).

Satellite Section Consultant (EUMETSAT fellow)

ECMWF, Reading (United Kingdom)

Main activities and responsibilities:

- Routine monitoring and assessment of the quality of radiance products from ATOVS sensors

(AMUS-A, AMSU-B/MHS, HIRS) on different polar-orbiting satellites, and update of their assimilation
in line with operational system changes;

- Enhancement of the assimilation of ATOVS radiances in the ECMWF system including the
improvement of quality control procedures, observation errors, bias correction, emissivity estimation
and development towards the assimilation of data sensitive to surface emission over land, ocean, sea-
ice;

- Preparation for new instruments: implementation and initial evaluation of AMUS-A, MHS and HIRS
sensors onboard Metop-B satellite.

Research Fellow

Institute of Methodologies for Environmental Analysis of the Italian National Research
Council (IMAA/CNR), Tito (Potenza) (Italy)

Main activities and responsibilities:

- Development of a novel algorithm for rain rate refrieval using satellite-based observations from the
AMSU-B sensor;

- Analysis of microwave sounder radiances in the presence of hydrometers using a line-by-line
scattering radiative transfer code (TBSCAT).

PhD in Engineering Mathematics
University of Bristol, Bristol (United Kingdom)
Thesis title: Soft Computing for Bayesian Networks.

Research topic: A development of a theory on Bayesian networks that could hande uncertainty,
supported by the development of algorithms for probabilistic inference and database processing, and
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1 0Oct 1994-16 Mar 2000

ADDITIONAL INFORMATION

Publications

Enza Di Tomaso

applications in supervised learning, classification and state estimation problems.

Laurea (MSc) in Physics Grade: 110/110.
University of Bologna, Bologna (ltaly)
Final thesis title: Fril and its Applications in Machine Learning.

Research topic: Application of logic rules to pattern recognition problems using the logic programming
language Fril.

Journa publications

E. Di Tomaso, N. A. J. Schutgens, O. Jorba, and C. Pérez Garcia-Pando, 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, 2017.

E. Di Tomaso, F. Romano, V. Cuomo, Rainfall Estimation from Satellite Passive Microwave
Observations in the Range 89 GHz to 190 GHz, Journal of Geophysical Research, vol. 114, 2009.

E. Di Tomaso, J.F. Baldwin, An Approach to Hybrid Probabilistic Models, International Joumal of
Approximate Reasoning, vol 47, 202-218, 2008.

E. Di Tomaso, J.F. Baldwin, Effective Database Processing for Classification and Regression with
Continuous Variables, International Journal of Intelligent Systems, vol 22, 1271-1285, 2007.

Book contributions

F. Romano, E. Di Tomaso, T. Montesano, E. Ricciardelli, V. Cuomo, E. Geraldi, Microfisica delle nubi e
loro impatto sul dima. In: B. Carli, G. Cavarretta, M. Colacino, S. Fuzzi, Clima e Cambiamenti
Climatici, ed. Consiglio Nazionale delle Ricerche, Roma, Italia, 2007.

ECMWF reports.

S. Endlish, T. McNally, N. Bormann, K. Salonen, M. Matricardi, A. Horanyi, M. Rennie, M. Janiskova,
S. Di Michele, A. Geer, E. Di Tomaso, C. Cardinali, P. de Rosnay, J. Mufioz Sabater, M. Bonavita, C.
Albergel, R. Engelen and J.-N. Thépaut, Impact of satellite data. ECMWF Technical Memorandum,
711,46 pp, 2013.

E. Di Tomaso, N. Bormann and S. English, Assimilation of ATOVS radiances at ECMWF: third year
EUMETSAT fellowship report, EUMETSAT/ECMWF Fellowship Programme Research Report No 29,
2013.

E. Di Tomaso, N. Bormann, Evaluation of Metop-B microwave sounders: AMSU-A and MHS,
ECMWF Technical Report No RD64, 2012.

E. Di Tomaso, N. Bormann, Assimilation of ATOVS radiances at ECMWF: second year EUMETSAT
fellowship report, EUMETSAT/ECMWF Fellowship Programme Research Report No 26, 2012.

E. Di Tomaso, N. Bormann, Assimilation of ATOVS radiances at ECMWF: first year EUMETSAT
fellowship report, EUMETSAT/ECMWF Fellowship Programme Research Report No 22, 2011.

E. Di Tomaso, N. Bormann, ATOVS Observing System Experiments: on the performance of three
satellites in evenly-spaced orbits, ECMWF Technical Report No 1095, 2010.

Summary of conference papers

E. Di Tomaso, N. Schutgens and O. Jorba, Measurements or computer simulations: to whom do we
turn for atmospheric composition estimates? Proc. 2nd BSC Intemational Doctoral Symposium,
Barcelona, Spain, 2015.

E. Di Tomaso, N. Schutgens, J. Oriol and G.S. Markomanolis, Data assimilation enhancement of a
chemical transport model: a dust forecast application. Proc. 2014 EUMETSAT Meteorological Satellite
Conference, Geneva, Switzerland, 2014.

E. Di Tomaso, N. Bormann and S. English, Extending the use of microwave sounding data over sea-
ice in the ECMWF system, Proc. EUMETSAT Meteorological Satellite Conference, Vienna, Austria,
2013.

E. Di Tomaso, N. Bormann, Correction of errors in the simulation of AMSU-A observations, Proc. 18th
Intemational TOVS Study Conference, Toulouse, France, 2012.

E. Di Tomaso, N. Bormann, Observing system experiments on ATOVS orbit constellations, Proc.
EUMETSAT Meteorological Satellite Conference, Oslo, Norway, 2011.
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PERSONAL INFORMATION

Curriculum Vitae Carlos Pérez Garcia-Pando

Carlos Pérez Garcia-Pando

@ Barcelona Supercomputing Center, Earth Sciences Department, C/ Jordi Girona 29, 08034
Barcelona, Spain

L +34 934137722

¥« carlos perez@bsc.es

O htip:/www.bsc.es/

Sex Male | Date of birth 25/06/1977 | Nationality Spanish

WORK EXPERIENCE o

10/2016- present

10/2011-9/2016

Head of Atmospheric Composition Group

AXA Professor on Sand and Dust Storms
Ramon y Cajal Fellow

ERC Consolidator Grantee

Science Team Member of NASA’s EMIT Mission

Earth Sciences Department, Barcelona Supercomputing Center, Spain.
Associate Research Scientist

NASA Goddard Institute for Space Studies &
Department of Applied Physics and Applied Mathematics - Columbia University (New York).

9/2009-9/2011 Earth Institute Fellow
The Earth Institute — Columbia University,
NASA Goddard Institute for Space Studies &
International Research Institute for Climate and Society — Columbia University (New York).
2/2009-6/2009 Visiting Scientist
NOAA/National Centers for Environmental Prediction, Camp Springs (Maryland).
1/2006-7/2009 Research Scientist and Mineral Dust Group Leader
Earth Sciences Department. Barcelona Supercomputing Center (Spain).
EDUCATION AND TRAINING o
2006 Ph.D. in Environmental Engineering. Universitat Politécnica de Catalunya, Spain.
2003 Diploma of Advanced Studies. Environmental Engineering. Universitat Politécnica de
Catalunya, Spain.
2001 Industrial Engineer - Environmental Option. ETSEIB (Barcelona). Universitat
Politecnica de Catalunya, Spain.
2001 Ingénieur des Arts et Manufactures. Ecole Centrale Paris, France.
PERSONAL SKILLS o

Organisational / managerial
skills

* Intemational project leader, team coordinator, supervisor

*  Coordinator of a group of ~20 scientists and support engineers working on atmospheric
chemistry and emission modeling

o Selected Projects as Project Director (PD), Principal (P) or Co-Principal Investigator (Co-Pl):
PDIPI. ERC Consolidator Grant. “FRontiers in dust minerAloGical coMposition and its
Effects upoN climaTe” FRAGMENT. Granted by: European Commission. 2.000.000 €.
Starting in October 2018.
Pl. MINECO — RETOS 2017. “QuaNtifying the present and fUTure atmospheric deliveRy
of bloavailablE iroN to The ocean”. Granted by: Ministry of Economy, Industry and
Competitiveness of Spain. 72.000 €.
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ADDITIONAL INFORMATION

Selection of peer-reviewed
Publications

Curriculum Vitae Carlos Pérez Garcia-Pando

PD. AXA Research Fund. “AXA Chair on Sand and Dust Storms”. Barcelona
Supercomputing Center. 1,700,000 Euro.

PD and Institutional Pl. Department of Energy (DoE DE-SC00671). “Improving the
representation of soluble iron in climate models”. Collaborative Project between Columbia
University, NASA and Cornell University. NASA-Columbia PI: Carlos Pérez Garcia-Pando.
Comell Pl: Natalie Mahowald. $750,000 (10/2011-10/2014).

Co-Pl. NASA ROSES Modeling, Analysis and Prediction Program. “Contribution to
radiative forcing and climate by anthropogenic sources of dust aerosol”. PI: Ron L. Miller.
Co-I's from NASA, Columbia University, Geophysical Fluid Dynamics Laboratory and
Princeton University. $1,020,000 (07/2014-07/2017).

Co-PI. R20 Initiative for the Next Generation Global Prediction System (NGGPS), NOAA.
“Implementation and testing of dust models for regional and global forecasting”. PI: Paul
Ginoux (GFDL). $200,000 (2015-2016).

PI. Earth Institute Cross-Cutting Initiative (CCl). “Atmospheric aerosol impacts on health in
sub-Saharan Africa’. $45.000 (09/2010-to present).

PI. Ministry of Science and Technology, Spain. Contract CGL2006-11879/CLI.
“Improvement of the Dust Regional Atmospheric Model (DREAM) for prediction of
Saharan dust events in the Mediterranean and the Canary Islands”. 130,000 Euro.
(10/2006-09/2009).

» Programming skills in Fortran, R, bash, Linux, Mac-OS X
= Experience in ESM model developments in supercomputer infrastructures
= Experience in different data formats, including NetCDF, Raster, CSV, GRIB

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

= Evaluation of models using satellite and ground-based observations

Google scholar citations (3491), h-index (31), i10-index (52) - as of Nov 30, 2018

= Scanza, R. A., Hamilton, D. S., Perez Gardia-Pando, C., Buck, C., Baker, A., and Mahowald, N. M.:
Atmospheric processing of iron in mineral and combustion aerosols: development of an
intermediate-complexity mechanism suitable for Earth system models, Atmos. Chem. Phys., 18,
14175-14196, https://doi.org/10.5194/acp-18-14175-2018, 2018.

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

= Badia, A., Jorba, O., Voulgarakis, A., Dabdub, D., Pérez Garcia-Pando, C., Hilboll, A., Gongalves, M.,
and Janjic, Z.: Description and evaluation of the Multiscale Online Nonhydrostatic AtmospheRe
CHemistry model (NMMB-MONARCH) version 1.0: gas-phase chemistry at global scale, Geosdi.
Model Dev., 10, 609-638, https://doi.org/10.5194/gmd-10-609-2017, 2017.

» Pérez Garcia-Pando, C., R.L. Miller, J.P. Perlwitz, S. Rodriguez, and J.M. Prospero, 2016. Predicting
the mineral composition of dust aerosols: Insights from elemental composition measured at the
Izafa Observatory. Geophysical Research Letters, 43, no. 19, 10520-10529.

» Perlwitz, J.P.*, C. Pérez Garcia-Pando* R.L. Miller* (*Equal contribution), 2015. Predicting the
Mineral Composition of Dust Aerosols. Part I: Representing Key Processes. Atmospheric Chemistry
and Physics, 15, 11593-11627.

» Pérez Garcia-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 Perspectives

= Schulz, M., J.M. Prospero, A.R. Baker, F. Dentener, L. Ickes, P.S. Liss, N.M. Mahowald, S. Nickovic,
C. Pérez, S. Rodriguez, M. Manmohan Sarin, I. Tegen, and R A. Duce, 2012. The atmospheric
transport and deposition of mineral dust to the ocean: Implications for research needs.
Environmental Science and Technology, 46, 10390-10404. doi:10.1021/es300073u..
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