ATMOSPHERIC FLOW AND AIR-QUALITY MODELLING IN URBAN AREAS
M. Weger, B. Heinold, and O. Knoth
Leibniz Institute for Tropospheric Research (TROPOS), Permoser Str. 15, 04318 Leipzig, Germany
Presenting author email: weger@tropos.de
Summary
In this study, the characteristics of urban air flow and pollutants dispersion are investigated by small-scale modelling. A new
Computational Fluid Dynamics (CFD)-based wind solver for urban areas is presented, which uses the concept of permeability
for the representation of building structures. The CFD solver has been applied for downscaling the real-time prediction of
pollutants with the air-quality model COSMO-MUSCAT that has been performed within a science-transfer project for the City
of Leipzig in eastern Germany. For model evaluation, distributed air-quality measurements with mobile sensors are available.
Further work will focus on integrating the new CFD solver into the model framework COSMO-MUSCAT.
Introduction
An accurate dispersion model is crucial to obtain a realistic representation of the highly variable spatial distribution of air
pollutants in urban areas. Buildings represent the most obvious obstacles to the wind field and impact not only horizontal
dispersion, but also generate small-scale flow features which are important for vertical mixing. Here, the development of a new
CFD solver for the incompressible flow equations is presented. In the proposed concept, obstacles are represented by
permeability fields, which allows spatial resolutions that can be significantly lower than needed to explicitly resolve building
structures. The solver is currently tested for downscaling of a regional to neighbourhood-scale air-quality forecast with the
model system COSMO-MUSCAT for the medium-sized city of Leipzig in eastern Germany.
Methodology and Results
At TROPOS, a flexible framework for air-quality modelling has been
developed for the City of Leipzig and potential application in other
cities. The core is the multi-scale chemistry-transport model COSMOMUSCAT (Wolke et al., 2012), which allows for air-quality simulations
across scales from regional background to neighbourhood level (500 m)
for whole urban areas. In order to extend the COSMO-MUSCAT results
to street-level conditions, a new CFD solver has been developed
following Gowardhan et al. (2011). For the computation of wind fields,
considering the full physical presence of buildings, the incompressible
Navier-Stokes equations are solved. Advection-diffusion routines are
then used to compute the air pollutant dispersion in the streets. Instead
of representing buildings in the form of Neumann-type boundary
conditions, obstacles are introduced by the concept of permeability
(Fig. 1) in the discretization of the equations. The main advantage of this
approach lies in a more flexible setting of the spatial resolution, as
obstacles must not be fully resolved. This way computational costs are
considerably reduced and, in future, the scheme may be used online in
the chemistry-transport code MUSCAT. The results of the CFD
simulations show typical characteristics of the urban flow field (Fig. 2)
with along-street channeling, enhanced vertical mixing and blocking,
respectively. The model framework is currently being tested as part of a
science-transfer project, in which mobile air-quality measurements have
been carried out for Leipzig during the period 2019/2020. The data
provide a unique opportunity to evaluate and improve the model system.

Fig.1 Permeability fields [0,1] in x and y direction for a
20-m model grid of the city centre of Leipzig.

Fig.2 Dispersal of test tracers in the City of Leipzig from
CDF simulations with 20-m horizontal grid spacing.

Conclusions
The current development of numerically efficient models allows for air-quality simulations across scales from regional
background to neighbourhood and pedestrian level for whole urban areas. In future work, the here presented CFD solver is
planned to be integrated in the model system COSMO-MUSCAT for an online downscaling of modelled winds. This will
enhance the capability of COSMO-MUSCAT for high-resolution air-quality simulations the consider the impact of the city
morphology on air pollution dispersion.
Acknowledgement
This work is funded by the German Federal Ministry of Education and Research (BMBF) as part of the ‘WTimpact’ project
(01IO1726). High-performance computing at TROPOS was supported by BMBF within project ‘PoLiCyTa’ (01LK1603A.#).
References
Gowardhan, A., Pardyjak, E., Senocak, I., Brown, M., 2011, A CFD-based wind solver for an urban fast response transport and
dispersion model, Environ. Fl. Mech., 11, 439-464.
Wolke R., Schröder W., Schrödner R., Renner E. 2012, Influence of grid resolution and meteorological forcing on simulated
European air quality: A sensitivity study with the modeling system COSMO–MUSCAT, Atmos. Environ. 53, 110-130.

