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Abstract
Anthropogenic activities are changing the atmospheric composition to an extent that the stability of our climate
system is at high risk. However, in order to reduce human impacts on the climate system, one has to determine
the origins of involved atmospheric species. These species must be monitored continuously to ensure an actual
reduction in greenhouse gases (GHGs).

Our group has built up various automated sensor networks in the city of Munich to measure GHGs and air
pollutants: MUCCnet (5 high-precision EM27/SUN spectrometers), Air Quality Network (50 street-level in-situ
air quality sensors), Low-Cost Network (100 street-level in-situ CO2 sensors), and Mid-Cost Network (20 roof-
level in-situ CO2 sensors).

We focus our efforts on urban GHG emissions, as human activities are increasingly concentrated around cities
and because urban areas have many overlapping emission sources. Since we cannot directly measure surface
fluxes but only concentrations, most of our work is dedicated to atmospheric transport and inverse modeling:

1. Transport Modeling: We use coarse models on a large boundary region and high-resolution models in the
inner modeling domain. Models we use are WRF, GRAMM/GRAL, PALM-4U, OpenFOAM, WRF-CHEM, ICON-
ART, HYSPLIT, and STILT.

2. Inverse Modeling: To cope with the countless number of time-variable emitters, we use novel inverse
modeling methods to reconstruct high-dimension emission fields from sparse measurements.

3. Observing System Simulation Experiments: Using synthetic measurements, we can test the robustness and
accuracy of our inverse modeling approaches and measurement networks.

4. Upscaling: To scale up our approaches, we are considering existing proxies in combination with satellite data
to model GHG fluxes in areas with little or no measurement infrastructure.

The described modeling approaches can be applied to any GHG species or air pollutants subject to atmospheric
transport. Even if we can reduce anthropogenic carbon emissions significantly within the next 50 years, we will
always have to monitor anthropogenic GHG fluxes. Air pollutants or GHGs overlooked by previous policies (F-
Gases) can be modeled using the same methodology.

We are conducting our current research as part of the Horizon 2020 ICOS Cities PAUL Project (Grant No.
101037319), the German Federal Ministry of Education and Research: Integrated greenhouse gas monitoring
system (ITMS) project (Grant No. 01LK2303B), and the ERC Consolidator Grant CoSense4Climate (Grant No.
101089203). The sensor network infrastructure has partly been financed by the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) (Grant No. CH 1792/2-1, Grant No. INST 95/1544) and the Bavarian
State Ministry of the Environment (Grant No. TLK 01U-75487).

https://www.ee.cit.tum.de/en/esm/home
https://www.cit.tum.de
https://www.tum.de/en
https://www.mmm.ucar.edu/models/wrf
https://gral.tugraz.at
https://palm.muk.uni-hannover.de/trac/wiki/palm4u
https://www.openfoam.com
https://www2.acom.ucar.edu/wrf-chem
https://www.icon-art.kit.edu
https://www.icon-art.kit.edu
https://www.arl.noaa.gov/hysplit
https://uataq.github.io/stilt
https://cordis.europa.eu/project/id/101037319
https://cordis.europa.eu/project/id/101037319
https://www.fona.de/en/measures/funding-measures/ITMS_en.php
https://cordis.europa.eu/project/id/101089203
https://cordis.europa.eu/project/id/101089203
https://gepris.dfg.de/gepris/projekt/419317138
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