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Summary 

Air pollution is a major environmental and societal issue. According to the WHO, more than seven 
million deaths in the world each year are due to air pollution, in particular to exposure to fine particles 
and ozone in outdoor air. In order to allow an analysis of the main sources of pollutants, but also a 
short, medium and long term forecast of exposure, numerical models are developed (chemistry-
transport models) and applied in operation in air quality monitoring agencies. These models also allow 
scenario studies (pollution sensitivity to emissions, certain processes, etc.). They integrate key physical 
and chemical processes, and are forced by natural and anthropogenic emissions. They are also guided 
by a meteorological simulation (with or without interaction with atmospheric chemistry).  

This thesis focuses on the application of meta-modelling approaches to deterministic air quality 
models. Deterministic models seek to reproduce the major physical and chemical processes governing 
the transport and transformation of atmospheric trace species. There are also statistical air quality 
models that reproduce an observed trend by exploiting correlations with pre-identified predictors (e.g. 
meteorological variables). Meta-models reproduce the response of a deterministic model by 
regression to intrinsic parameters or external forcings.  

To do so, we will rely on the deterministic chemistry-transport model (CTM) CHIMERE co-developed 
by CNRS/IPSL and INERIS over the last twenty years (Mailler et al., 2017). A first meta-model of 
CHIMERE was proposed by INERIS in the framework of the Copernicus Atmospheric Monitoring Service 
(CAMS). Called Air Control Toolbox (Colette et al., 2021), it allows to simulate on a daily basis the air 
quality improvement that would result from user-defined anthropogenic emission reductions: 
policy.atmosphere.copernicus.eu/CAMS_ACT.php.  

The thesis work will aim at deepening this meta-modelling approach of CHIMERE. The statistical 
methods used in ACT will be enhanced by using recent developments in the field of machine learning 
and a reinforced use of innovative observations (satellite, supersites, microsensors).  

A first objective will be to refine the spatial resolution of the response to emission variations already 
reproduced by ACT. But the work will also be extended to the calibration of the model for the least 
well constrained processes, which should make it possible to significantly improve its performance. A 
final line of work will be devoted to inverse emission modelling, which is an important perspective 
both for improving modelling systems and for guiding public policies in identifying management 
strategies.  
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Contexte and objectives 

The thesis is part of the general context of the development of decision support tools for air quality 
improvement policies. In this field, numerical models of chemistry-transport constitute a privileged 
way either for the forecasting of the air quality or for the projections of prospective scenarios in the 
long term. This is the approach that has been favoured for the past twenty years by INERIS with the 
joint development of the deterministic chemistry-transport model (CTM) CHIMERE with CNRS/IPSL.  

The improvement of deterministic models requires a better understanding of the physical and 
chemical processes governing the transport and transformation of gases and aerosols. Meta-modelling 
consists of developing a simplified model that will reproduce all or part of the behaviour of the 
complete CTM. The focus is on the sensitivity to one or more intrinsic processes or external forcings of 
the model. Once the sensitivity of the model has been reproduced by the meta-model, it can be used 
as an approximation of the complete model, or for calibration and optimisation purposes. This 
development pathway therefore remains complementary to the work on improving the deterministic 
processes of the chemistry-transport model.  

Within the framework of the Copernicus Atmospheric Monitoring Service, INERIS has developed the 
Air Control Toolbox meta-model which aims to simulate on a daily basis the improvement in air quality 
that would result from user-defined reductions in anthropogenic emissions (Colette et al., 2021). This 
meta-model is operated instantaneously via a web interface, whereas the use of the full CTM requires 
a high performance computer to obtain an equivalent result.  

The objective of the thesis will be to strengthen this meta-model. While ACT currently reproduces the 
response to a perturbation of a uniform anthropogenic emission sector over Europe or a given country, 
a finer spatial variability will have to be integrated. This will include a focus on spatial downscaling. But 
an important part will also be devoted to the exploitation of the meta-model for optimisation or 
calibration of the modelling system. The existing version of ACT relative sensitivity to anthropogenic 
emissions could thus be applied for inverse emission modelling purposes. But by extending the meta-
modelling approach to the intrinsic parameter sensitivity of the model, it would also be possible to 
open the way to the calibration of the model itself. 

Challenges 

It is in the part devoted to the calibration of the model that the main scientific challenges lie. It is not 
a question here of calling into question the deterministic modelling strategy, which is based on the 
integration of fundamental knowledge of atmospheric physics and chemistry into the numerical 
model. But the approach proposed here would allow for better control of the processes and the less 
well constrained. One example is the optimisation of diurnal variation cycles of the atmospheric 
boundary layer height. A meta-model of sensitivity to this parameter would make it possible to 
optimise the amplitude or phase of its variability with respect to the available observations. However, 
this can only be done on the basis of a detailed knowledge of the main factors and the design of a 
meta-model particularly suited to the targeted processes. Above all, this effort is likely to fail without 
a complete model that is already sufficiently capable of reproducing the main elements, hence the 
very strong complementarity with the deterministic modelling approach.  

The main issue with regard to the operational objectives of an institute such as INERIS concerns the 
performance of the CHIMERE model, which is already widely used in air quality forecasting and 



 

projection activities in support of public policies. An efficient meta-model is needed for a better 
evaluation of air quality management strategies. This type of approach is already used in the 
Copernicus Service with ACT or in the work conducted for the European Environment Agency on the 
external damage costs of air pollution (Schucht et al., 2019). The calibration of the model will also offer 
new perspectives for improving the performance of CHIMERE for operational air quality forecasting, 
again in addition to the developments related to chemistry-transport mechanisms. Finally, the 
exploitation of the meta-model for inverse emission modelling offers perspectives for the verification 
of emission inventories of pollutants officially reported in the framework of the European Directives 
on emission thresholds. 

Progress of the thesis work (methodology, key stages) 

1. Reinforcement of the ACT meta-model: 

The PhD student will be able to rely in the first phases of his or her work on the CHIMERE meta-model 
developed in the framework of CAMS (ACT). The aim will be to take advantage of recent developments 
in terms of machine learning to reinforce the capacity of a meta-model to reproduce the response of 
a complete CTM. Several approaches have been proposed in the past to develop response models to 
a CTM, they are based on linear (GAINS, (Amann et al., 2011)), parametric (SHERPA, (Pisoni et al., 
2017)), polynomial (ACT) or neural networks (MAQ, (Turrini et al., 2018)) relations. The mobilisation of 
alternative approaches could allow to improve these models, not only in terms of reliability but 
especially in terms of agility, i.e. to reproduce a large set of the degrees of freedom of the full MTA. 
One thinks of regularised regression methods, generalised additive models (GAM), decision trees 
(random forest, gradient boosting, etc.). However, the identification of the most efficient methods will 
only be possible if there is an excellent understanding of the mechanisms to be targeted, based on 
well-designed learning strategies. 

2. Downscaling for a spatialized constraint on emissions  

The work carried out on the addition of degrees of freedom to the meta-model will make it possible 
to propose new functionalities relating to downscaling. Starting from a mesoscale modelling approach, 
it will then be possible to provide more accurate information on the exposure of populations to air 
pollution at a kilometre scale. While focusing on the specific need to reproduce the sensitivity of a 
complex chemistry-transport model taking into account the formation of secondary pollutants. 

3. Analysis of the sensitivity to key model parameters  

The part of the thesis devoted to the exploitation of the meta-model for optimisation purposes will 
also require a strong mobilisation of various observations of the physico-chemical characterisation of 
the atmosphere. The air quality monitoring network, which is sufficiently dense in Europe, already 
offers interesting prospects. But we are also thinking of the use of more innovative observations such 
as satellites, supersites (ACTRIS/EMEP), and microsensors, each of which has its own specificity. 

Supervision  

The thesis will be supervised by Solène Turquety, Professor at the Laboratoire de Météorologie 
Dynamique (LMD), Institut Pierre Simon Laplace (IPSL), Sorbonne University.  LMD-IPSL specialises in 
the analysis of observations and modelling in meteorology and chemistry-transport. The modelling 
covers all scales from turbulent processes to global modelling of future climate. At the regional scale, 



 

the development of CHIMERE, a regional model used for both analysis and forecasting, is coordinated 
by the INTRO team.  

The INERIS supervisor identified for the co-supervision of this thesis is Augustin COLETTE, who holds a 
PhD in Atmospheric Physics and Chemistry from Sorbonne University, has been at INERIS since 2009 
and is currently in charge of the MOCA Unit (15 permanent and non-permanent scientists). 

INERIS (www.ineris.fr) is a public industrial and commercial establishment (EPIC) under the supervision 
of the Ministry of the Environment. Its mission is to "prevent the risks posed by economic activities to 
the health and safety of people and property and to the environment". INERIS employs nearly 600 
people, most of whom are based at the main site in Verneuil-en-Halatte, north of Paris. In the field of 
air quality, INERIS is involved in various aspects of risk management: emissions, air quality 
measurement, forecasting of phenomena, development of standards, and provides its expertise to 
public authorities and the public. 

The MOCA Unit of INERIS is interested in short-term air quality forecasting in France (prevair.org) and 
in Europe (Copernicus), and in management for decision support and local dispersion, including in 
emergency situations. The Unit's modelling expertise serves the three missions of INERIS: support to 
public policies, research and advice. Regarding public policy support, MOCA is involved at the national 
level (in support of the French Ministry of Ecology, including on behalf of the Laboratoire Central de 
Surveillance de la Qualité de l'Air), at the European level (European Environment Agency and European 
Commission) and at the international level (United Nations Air Convention). 

Financing 

The thesis will be 100% financially supported by INERIS, which will employ the PhD student on a fixed-
term contract for the duration of the thesis. 

Profile 

- Master 2 or equivalent in environmental sciences including knowledge in atmospheric physics 
and chemistry and statistical methods in the field of environmental data.  

- Knowledge of scientific programming (Script Shell, R, GIS, Python, etc.) and ability to use and 
design numerical analysis tools. 

- Writing and oral presentation skills. 
- Fluency in English (written and oral). 


