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OBJECTIVES 
Main goals are to: 
‐ provide advanced elements of atmospheric composition phenomenology 
‐ review of modeling frameworks for the environment 
- overview of numerical methods relevant for atmospheric composition modeling 
- apply statistical methods to model evaluation 
- introduction to inverse modeling for atmospheric composition 
 

OUTCOMES (Dublin descriptors: knowledge, understanding, explain, skill, ability)  
After the successful completion of this module, the student should be able to:  
- setting up a targeted modeling framework for environmental studies 
- combine observations and models to investigate atmospheric composition 
- have capacity to plan new developments of environmental models 
- understand, summarize, and communicate existing and new knowledge 

PROGRAM CONTENT 
ATMOSPHERIC GASES AND AEROSOL. Review of atmospheric chemistry, air quality and climate change. Emissions of 
biogenic/natural and anthropogenic origin. Advective and turbulent horizontal and vertical transport. Chemical 
transformation and production in homogeneous and mixed phases. Dry and wet deposition processes. Atmospheric lifetime. 
Aerosol interaction with radiation and clouds. 
MODELS OF THE ATMOSPHERIC COMPOSTION. Eulerian and Lagrangian models. Box models. Puff and column models. 
Gaussian models. Trajectory and particle models. Chemistry-transport models. Statistical models. 
MODEL EQUATIONS AND NUMERICAL METHODS. Model grids. Finite difference, finite volume, finite elements and spectral 
methods. Operator splitting and numerical artefacts. Numerical methods for advection. Sub-grid scale parameterizations, 
turbulence closure, boundary layer schemes. Chemical mechanisms and solvers, radiative, chemical and aerosol rates. 
Surface fluxes, emission and dry deposition.  
ATMOSPHERIC OBSERVATIONS AND MODEL EVALUATION. Review of statistics and methods for dataset comparison. 
Statistical indices for model evaluation. Use of observations from different platforms (ground, upper level, aircraft, satellite; 
in-situ, remote sensing). Model evaluation criteria, air quality regulations. Bias correction techniques. Using model to aid 
interpretation of observations. 
INVERSE MODELING FOR ATMOSPHERIC COMPOSITION. Review of basic principles of inverse modeling. Analytical solutions. 
Adjoint-based modeling. Data assimilation. 
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