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ABSTRACT

Chemical-transport models are a persuasive tool to predict and study air pollution on different temporal and spatial
scales. However, due to the complexity of physics and chemistry of air pollutants’ interactions and lack of precise input
data, these models have uncertainties. In particular, most of the emission data have a too coarse resolution and are not
appropriate for application in urban scale air quality modeling. In this study, a downscaling approach is utilized for
emission  data  in  order  to  improve  the  air  pollutants  concentration  simulation  over  Munich  city  using  the
POLYPHEMUS/DLR  chemistry-transport  model  (CTM).  Traffic  emission  from  the  Bavarian  Emission  Kataster
(EKATBY) 2004 anthropogenic emissions dataset with 2 km resolution is downscaled to 100 m with regard to the high-
resolution OpenStreetMap roads paths and areal emission sources are relocated on the most populated and active sites
which have been determined from VIIRS NOAA satellite-derived night light data. In addition, the EEA CORINE 2012
land use data is implemented with 100 m grid resolution to improve e.g. the biogenic emissions. Regarding aerosols, the
SIze REsolved Aerosol Module (SIREAM) for aerosol dynamic and the Secondary Organic Aerosol Model (SORGAM)
are applied. The CTM is driven by WRF 3.5 meteorological forecasts. In order to have reliable simulations, the one-way
grid nesting method with four domains is employed, where the coarsest domain covers Europe and the finest covers
Munich city area.
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1. INTRODUCTION

Air pollution is one of the big environmental health issues that major cities around the world are struggling with. It is,
therefore, the main topic for many studies with different methods to understand the source of air pollutants and thereby
developing adequate regulation methods. Air quality models are powerful  tools to study air pollutants transport and
chemistry with respect to the emission rates of primary pollutants and relevant weather parameters such as temperature,
humidity, and solar radiation. Although the CTMs are able to handle complex physics and chemistry formulations, they
are very sensitive to the quality of input data especially  the anthropogenic emissions.  In this study, the focus is  to
improve the anthropogenic emission data set for high-resolution air quality modeling over Munich city. The study is
carried  out  in  the  frame of  the  JOSEFINA project  (Joint  Slovenian-Bavarian  Endeavour  for  Improved Air  Quality
Analysis and Forecasting).

2. METHODOLOGY AND DATA

In this study, several models and data sets are used, which are introduced in the following paragraphs and the role of
them in this study are described. 

2.1 Models

The CTM used in this study is POLYPHEMUS/DLR, based on the Polyphemus model platform 1 and implemented by the
German Aerospace Center (DLR) for Southern Germany. The air quality model system POLYPHEMUS contains several
Gaussian,  Eulerian,  and  Lagrangian  models  as  well  as  chemistry,  transport,  and  aerosol  modules.  In  figure  1,  an
overview of the DLR implementation of Polyphemus model is shown. In order to have better resolve the urban scale, an
off-line nesting method is applied with four domains, where the largest domain covers Europe and the smallest high-
resolution (100 m) domain covers the Munich city area.
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The  Weather  Research  and  Forecasting  (WRF2)  model  Version  3.5  is  used  for  preparing  weather  condition  and
parameters as input for the Polyphemus model. The nesting approach applies 3 domains, starting with the biggest domain
covering whole Europe down to the smallest one covering only Munich and Augsburg metropolitan area with 2 km
horizontal resolution. Initial and boundary conditions for the largest domain over Europe are extracted from a 10 year
MOZART3 (Model for OZone and Related chemical Tracers) run. The highest resolution available land cover data set for
Europe is EEA CORINE4 with 100 m resolution and 45 land type classes, with the latest release based on the year 2012.
Land cover characterization is important for the model as the biogenic emissions are calculated from the vegetation type
and percentage covering each grid cell. In addition, many more parameters are estimated in the model with respect to the
land cover characterization including the deposition velocity and vertical  diffusion. The main inputs for a CTM are
anthropogenic emissions.  Providing adequate emissions is a challenge as the available datasets are much coarse for
urban scale applications. TNO5 emission inventory data, which is available for Europe, has 7 km resolution and the finest
dataset for Bavaria State of Germany uses a 2 km grid (EKATBY Bavarian Emission Kataster, 2004).

Figure 1. POLYPHEMUS/DLR model structure including data input and outputs.

In addition to POLYPHEMUS, the RLINE6 model is used to investigate the NO2 distribution on the streets level with 5
m resolution. The RLINE model needs a description of streets as line sources and the total amount of emissions from
traffic  for  each  street  section in addition to the weather  condition and street  surface characteristics  such as  surface
roughness.  Figure  2  illustrates  the  RLINE  input,  output  and  effect  of  wind  direction  on  the  distribution  of  NO2

distribution. As it is also shown in this figure, the NO2 concentration at the defined station no. 39 near the main street
depends  strongly  on  wind  direction  and  thus  the  direct  comparison  between  observation  and  model  result  in  low
resolution (2 km) is not possible.

Figure 2. Street lines in 5 m resolution (left) and R-line NO2 concentration results (right). The position of observation station
no. 39 is indicated in the image center.

Proc. of SPIE Vol. 10793  1079303-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10 May 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



2.2 Anthropogenic emission map

As the 2 km resolution emission map is not adequate for 100 m resolution air quality over Munich city, a downscaling
approach is developed to prepare a 100 m emission map for the simulation with POLYPHEMUS/DLR model in this
region. Emission datasets normally consist of estimated yearly total emissions for major pollutants in different source
sectors such as transport, residence heating, and industrial sources. In order to downscale the original emission data from
2 km to 100 m, the 100 m EEA CORINE land cover type, satellite-derived night light  from the year  2015 annual
composite VIIRS NOAA7 with 500 m resolution, and road maps from OpenStreetMap8,9 project are used, which are
illustrated in Figure 3. Road shapefiles are gridded with 100 m resolution and weighed with respect to the road types,
and the original emission for the transport sector is downscaled based on the roads’ high-resolution position and type.
The areal emission sources are downscaled based on night light as an activity factor for human populated areas. For the
industrial sources, we apply two different methods: the first one is downscaling based on night lights, which is shown in
figure 4, and the second defining industrial areas from CORINE data and relocating in these areas only and not in other
parts of the city. In the second method, the industrial areas are extracted from land type data and position of point sources
from TNO emission dataset. Using this information and giving the highest weight to the point sources, the industrial
emission from original coarse data (2 km resolution) relocated to the closest industrial area and point sources. In future,
for reliability, the point source has to be corrected by exact defined values form TNO emission dataset. 

Figure 3. Munich area data for a) year 2015 annual composite VIIRS NOAA, b) EEA CORINE land cover, and c) gridded 
roads map from OpenStreetMap. 

Figure 4. Emission maps from a) original 2 km data and b) 100 m downscaled emission map from all sectors.

3. RESULTS

As it is shown in figure 5 for the model simulation of surface NO2 concentration for second of February 2015, the
downscaling  method  for  road  traffic  leads  to  much  better  resolved  NO2 distribution  near  main  streets.  However,
downscaling of industrial emissions, based on night light results in no visible improvement, as areas with high values of
NO2 (defined with red color in the plots) are following similar patterns (see especially the maximum near the domain
center). In addition, the three-dimensional NO2 distribution (figure 6) highlights the importance of the vertical emission
profile. For example, during the simulation the wind near surface is coming from the south pushing polluted air toward
the north of the city, while the wind at around 100 m is coming from the west, transporting   the NO 2   from power plants
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and industrial areas towards the north and east of the city resulting in a well-defined NO2 plume. This indicates that
misplacing the position of power plants and the vertical  height of emissions might affect  dramatically the result of
simulations.  In the shown case, the power plant emission is handled as an areal source. In contrast, figure 7 shows the
clear benefit of using point source industrial emissions correction, thus the clear plume of NO2 form exact location of
two powerplants and other point source are clear in this plot, and also figure 8 and 9 at different times of that day. 

Figure 5. Model simulated NO2 concentration during afternoon of the second of February 2015, over Munich from original 2
km emission (left) and new downscaled 100 m emission maps (right).

Figure 6. Simulated NO2 concentration at 8 p.m. of the second of February 2015, over Munich using new downscaled 100 m 
emission maps with 6 layers below 1 km height. The plume is defined by an iso-surface for NO2 concentration of 75µg/m3. 
Surface concentrations are underplayed with unit of µg/m3.

Figure 7. Same as figure 6, but for 11 a.m. of the second of February 2015, and result from correction on industrial 
emissions position and increasing the vertical layers below 1 km height up to 12 layers.

Proc. of SPIE Vol. 10793  1079303-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10 May 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Figure 8. Same as figure 7, but for 15 p.m. of the second of February 2015.

Figure 9. Same as figure 7, but for 8 p.m. of the second of February 2015.

Figure 10. Model simulated NO2 concentration at 11 a.m. of the second of February 2015, over Munich from new 
downscaled 100 m emission maps (left) and with addition correction on industrial emissions position and 12 vertical layers 
below 1 km height (right).

In order to further improve the simulations, the number of model vertical layers is increased from 6 layers to 12 layers.
Note that the normal observation height of monitoring stations is 2 m, while in 6 layers configuration of the model, the
first model layer height is at 20 m. In the 12 layers configuration, the first model layer is reduced to 5 m. The combined
effect of correction with respect to point sources and increasing vertical layers is illustrated in figure 10. The affected

Proc. of SPIE Vol. 10793  1079303-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10 May 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



surface area by NO2 from power plants is much reduced. On average NO2 from traffic,  is also reduced, while NO2

concentrations near the major traffic sources increase (Figure 10).

In order to even better resolve urban pollution in Munich, RLINE model is used to increase the resolution of simulations
to 5 m. Hence  simulating NO2 concentration over Munich area  using RLINE in 5 m resolution is  difficult  due to
computational  costs.  Thus,  simulations are  performed  in separate  small  subdomains.  The study area  and  results  of
combined simulations for 80 subdomains are illustrated in figure 11. Note that in this case the result of RLINE was
combined with POLYPHEMUS 100 m simulations in order to merge low-resolution background with high-resolution
traffic-related pollution. Results are preliminary as the method is still under development.

Figure 11. High resolution (5 m) simulated NO2 over part of Munich city from Polyphemus and R-line combined results.

4. CONCLUSION

In order to develop urban scale air quality modeling, a 2 km resolution emission inventory was downscaled to 100 m
over Munich city area. This was accomplished by identifying populated areas using VIIRS NOAA satellite-derived night
light maps and distinguishing between residence and industrial areas of the city using EEA CORINE 2012 land use
classes,  in addition to OpenStreetMap roads paths and types for transport  source of emissions. We could show that
satellite data helps to improve the emission modeling. To further increase the accuracy of the simulation, the number of
vertical model layers below 1 km height was increased from 6 layers to 12 layers and the position of point sources were
corrected horizontally and vertically. Most notably, correcting the point source has a positive influence on simulation
results both close and far from the point sources. We conclude that the vertical configuration of the WRF model is crucial
to capture the complex structure of urban meteorology and emissions from point sources. The different plumes reveal a
strong wind shear that is not covered with vertically coarser resolutions. The next step is the rigorous validation of the
model  results  with  ambient  air  quality  measurements  and  meteorological  data.  With  respect  to  the  satellite-based
observations, data from the new missions Sentinel-5P and Sentinel-3A/B will improve modeling and evaluation of air
pollutants themselves (e.g. NO2, SO2, PM) even on the urban scale. 
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