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BACKGROUND ‘#7
Global methane budget DLR
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20 % of the global CH, emissions
Large uncertainties (e.g. top-down vs bottom-up)
Affected by climate change
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BACKGROUND
Methane emissions*‘ hotspots in Europe
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BACKGROUND A#y
Emission inventories DLR
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BACKGROUND A#y
How can airborne in-situ CH, measurements help? DLR

« Bridging spatial scales between ground-based and satellite data
« Supplement passive satellite sensors that struggle with

- high solar zenith angle

- difficult surface and thermodynamic conditions

» Provide high-quality data for validation of space missions

Regional snapshots,

complementing other observations

« Allowing for regional flux estimates
and process-related studies
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Monitoring of Atmospheric composition cnes
and Greenhouse gases through L
multi-Instruments Campaigns
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MAGIC 2021 CAMPAIGN #
DLR Cessna DLR

* Flexible measurement platform

» Operated mostly in the boundary
layer during MAGIC

» Measured along flight track:
Methane, 3d wind, T, p, *c(cH,), CO, C,Hs, H,0
@ 1...10Hz

1PeYISNoO > / Y14 -010yd

Main scientific objective:

Evaluate inventories with observation-based flux estimates
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MAGIC 2021 CAMPAIGN
Methane measurements DLR

Mixing ratios v ) e,

« Measured

* Observed variability ~50 ppb
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MAGIC 2021 CAMPAIGN #
Putting the flights into perspective DLR
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« Back trajectories

* Eulerian forward

MODELLING
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MODELLING
Regional Eulerian forward simulation

= MECO(n) = global ECHAM + regional COSMO

Characterization of sources contributing to the observations,
where the simulation sufficiently reproduces the measurements
— |ldentify deficiencies in inventories or model

Estimate background CH, for inverse modelling
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MODELLING
MECO(2) setup

50 km and 7 km nests
T106 with dynamical and chemical
bc from global instance

Synoptic scale dynamics
nudged to ERAS5

Without nudging,
but coupled via boundaries

CH, sink due to OH

Full chemistry and dry deposition

Branched off
a decadal global simulation,
July 2021 spinup

August 2021 for analyses

Dedicated output along the given flight tracks (curtains)
each time step (S4D) — Best possible co-location
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MODELLING 4#7
Methane inventories for campaign analyses DLR
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bc = Transport across boundaries into finer domain
(One-way coupling)

Selection of separate methane tracers
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MODELING

Individual emission classes: JSBACH-HIMMELI DLR
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PRELIMINARY RESULTS A#y
Contributions of individual sources to measurements DLR
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PRELIMINARY RESULTS
Contributions of individual sources to measurements DLR
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PRELIMINARY RESULTS | o 1a

40 EMAC background, PCC=0.04

EX am p I o Var | at| ons | WetCHARTs member 2913, PCC=0.33

JSBACH/HIMMELI Europe: peatland, PCC=0.46

» Double counting issues affect
absolute values

— Analyse variations instead

CH, variation / ppb

-10
= Variations along track

correspond to spatial gradients ~20

» Gradients likely reflect local emissions JSBACH-HIMMELI Europe:

= Emission flux estimates use gradients Peatland

= Curtains may provide hints on
deviations due to representation
of vertical gradients in the PBL

pressure / hPa
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PRELIMINARY RESULTS
Correlations of variations DLR

Pearson correlation coefficients
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Interpret case by case
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PRELIMINARY RESULTS
Example: Narrow miss?

Picarro

EMAC background, PCC=0.13

WetCHARTs member 2913, PCC=0.12
JSBACH/HIMMELI Europe: peatland, PCC=0.28

CH, variation / ppb

JSBACH-HIMMELI Europe: Peatland

pressure / hPa

Distinct airmass at eastern edge of the flight pattern
might just be at a slightly different position
in the simulation — Check 4d output fields

1000
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P el

MECO(n) hindcast of MAGIC-2021: Promising first results @

Potential to provide critical pieces of the puzzle
in the interpretation of the measurements

Outlook:

— Evaluate dynamics (p, T, wind, PBLH) sim vs obs

— Improve emissions setup, fix quirks ... then rerun simulation
— Extend analyses

— Inform flux analyses (inverse modelling, eddy covariance, ...)

THANK YOU
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