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Why simulate urban CO, emissions with GRAMM/ CO, concentration at JUS simulated by GRAL
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Simulated concentrations

GRAL? —— GRAL (preliminary) + Background

Measured at JUS 40m
Background at SAC 100m
Wind not from background direction

> Urban areas: Important role in climate change mitigation

> But: difficult to quantify emissions by sector

We use the model GRAMM/GRAL to simulate atmospheric
transport of CO, to estimate emissions from atmospheric
measurements. GRAMM/GRAL produces steady-state hourly
meteorological wind fields which are used for a Lagrangian
particle model in GRAL to create concentration fields. The View of the Eiffel Tower in reality and model
hourly situations are stored in a catalogue. This catalogue can representation.

be used to create time series by selecting the appropriate

entry for a given meteorological situation. With this approach,
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> Catalogue of concentration maps per hourly meteorological situation

> Time evolution of emissions by grouping in sectors and applying
sector specific scaling factors

The catalogue can be used for 100
atmospheric inversions
because the hourly steady-
state assumption allows to link
I concentrations with emissions
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at the same hour. Next to the
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a horizontal resolution of 10m x 10m is possible even for
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CO, concentration from GRAL 5m above ground
for one hour.

Outlook: Inversion framework

> Maps: CO2 emissions (anthropogenic) from TNO (Super et al., 2020),

> Meteorological measurements for a match-to-observations algorithm (May et al., 2024)

> Catalogue of 1008 possible hourly meteorological conditions defined by wind direction, speed,
and stability class

Land use [c/ass]
Terrain elevation [m]

Emissions, land cover, buildings, and terrain elevation input for GRAL.

land cover, buildings, and terrain PARIS mEtrO IiOI ita I1 a I‘ea

— - > Goal: Constrain CO2 emissions in Paris metropolitan area on
high-resolution
| > Inversion framework: Tested for Heidelberg (Vardag and Maiwald,
| 2024) as Observing System Simulation Experiment (OSSE) and will

be transferred to Paris
Additional refinements:

> Include biogenic emissions
> Use more meteorological stations

0 > Increase the resolution of emissions to harness the high-resolution
QI of GRAMM/GRAL

> Look at high- and mid-cost sensors
> Explore additional background options

(a) 9 sensors (mean|std)
random (75.8]12.1)

0.06 4 grid (90.1]5.1)

I 0.03 4

(b) 16 sensors (mean|std)
random (102.4|10.6)

0.06 4 grid (104.8|4.9)

0.03 4

Probability density

(c) 25 sensors (mean|std)
random (124.29.2)

grid (128.0|5.8)

0.06 1

Optimal network configurations from the framework
applied in Heidelberg (Vardag and Maiwald, 2024)
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