EURAD-IM forecast and analysis system
EURAD-IM is an Eulerian meso-scale chemistry transport model involving advection, diffusion, chemical transformation, wet and dry deposition and sedimentation of tropospheric trace gases and aerosols (Hass et al., 1995, Memmesheimer et al., 2004). It includes 3d-var and 4d-var chemical data assimilation (Elbern et al., 2007) and is able to run in nesting mode. As meteorological driver the Weather Research and Forecasting Model (WRF) is applied. EURAD-IM has been applied on several recent air pollution studies (Monteiro et al., 2013; Zyryanov et al., 2012; Monteiro et al, 2012; Elbern et al. 2011; Kanakidou et al., 2011).
The EURAD-IM assimilation system includes (i) the EURAD-IM CTM and its adjoint, (ii) the formulation of both background error covariance matrices for the initial states and the emission, and their treatment to precondition the minimisation problem, (iii) the observational basis and its related error covariance matrix, and (iv) the minimisation including the transformation for preconditioning. The quasi-Newton limited memory L-BFGS algorithm described in Nocedal (1980) and Liu and Nocedal (1989) is applied for the minimization. Following Weaver and Courtier (2001) with the promise of a high flexibility in designing anisotropic and heterogeneous influence radii, a diffusion approach for providing the background error covariance matrices is implemented.
The positive definite advection scheme of Bott (1989) is used to solve the advective transport. An Eddy diffusion approach is used to parameterize the vertical sub-grid-scale turbulent transport. The calculation of vertical Eddy diffusion coefficients is based on the specific turbulent structure in the individual regimes of the planetary boundary layer (PBL) according to the PBL height and the Monin-Obukhov length (Holtslag and Nieuwstadt, 1986). A semi-implicit (Crank-Nicholson) scheme is used to solve the diffusion equation.
Gas phase chemistry is represented by the Regional Atmospheric Chemistry Mechanism (RACM) (Stockwell et al., 1997) and an extension based on the Mainz Isoprene Mechanism (MIM) (Geiger et al., 2003). A two-step Rosenbrock method is used to solve the set of stiff ordinary differentials equations  (Sandu et al., 2003, Sandu and Sander, 2006). Photolysis frequencies are derived using the FTUV model according to Tie et al. (2003). The radiative transfer model therein is based on the Tropospheric Ultraviolet-Visible Model (TUV) developed by Madronich and Weller (1990). The modal aerosol dynamics model MADE (Ackermann et al., 1998) is used to provide information on the aerosol size distribution and chemical composition. To solve for the concentrations of the secondary inorganic aerosol components, a FEOM (fully equivalent operational model) version, using the HDMR (high dimensional model representation) technique (Rabitz et al., 1999, Nieradzik, 2005), of an accurate mole fraction based thermodynamic model (Friese and Ebel, 2010) is used. The updated SORGAM module (Li et al., 2013) simulates secondary organic aerosol formation.
The MACC-II inventory for the period 2009 with 7 km x 7 km resolution is used for anthropogenic emissions (Kuenen et al., 2014).  Biogenic emissions are calculated in the EURAD-IM CTM with the Model of Emissions of Gases and Aerosols from Nature (MEGAN) (Guenther et al., 2012). Additionally, emissions from fires are taken into account using the GFASv1.1 product (Kaiser et al., 2012) available daily at 0.1°x0.1° resolution.
The gas phase dry deposition modelling follows the method proposed by Zhang et al. (2003). Dry deposition of aerosol species is treated size dependent using the resistance model of Petroff and Zhang (2010). Wet deposition of gases and aerosols is derived from the cloud model in the EPA Models-3 Community Multiscale Air Quality (CMAQ) modelling system (Roselle and Binkowski, 1999).
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