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Why do inverse modeling?
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Annual mean net ecosystem exchange of central Europe from 2018 to 2022, ICOS
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Observations are all we need, right?

“... better quantification of the net fluxes helps
improving our understanding of the
emitting/absorbing processes ...”

Which are essential for future climate change
projections.

Land carbon sink is one of the larger
uncertainties.



Top down

Bottomup 1
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Background + FLEXPART &)

Lecture + Exercise
Big Thank You to M. Vojta and R. Thompson



Lagrangian Model Q
Forward <> Backward

More receptors than sources More sources than receptors
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Greenhouse Gases (GHG) &)
Inverse Problem?

« Observations of GHGs (CO2, CH4, N20, etc.) are used to:
« Determine radiative forcing and thus warming effect
« Guide for realistic forcing of climate models
 Verification of GHG emissions / adaptation plans / controlling
« Model simulations can help to understand:
« Sparse observations
« Prior emissions (e.g. bottom up estimates)
+ Satellite retrievals of GHGs

« Observed variability
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Inverse Modeling of Greenhouse Gases (GHG)

Considerations

« Most GHGs are long-lived species:

« Need to have a history of the atmosphere before that simulation starts (initial conditions)

« GHG sources: 2018

« Point sources or diffuse sources ) / _\

« Emission estimates are broken down to grid-cells i 5 é e

- Temporal aggregation (measurement averages, ...) /d” e Q‘Z ‘. ﬁ
« IlI-Posed nature of Inversions (under determination) \’_j &

« Using different priors (species dependent) or increasing observation/model errors T commn

« Ensemble




CO2 emissions: Global total:39.63Gt
TOTALS (Year 2024)
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Burn
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©

Copernicus Climate Change Service
European State of the Climate | 2022

PROGRAMME OF
THE EUROPEAN UNION

Co\pernicus

Europe’s eyes on Earth

2022 burnt areas reported by EFFIS
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<100 ha

IMPLEMENTED BY

<SS ECMWF
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GHG - species

CO2 CH4 N20 SFé6
« Lifetime: « Lifetime: 9-10y (OH) + Lifetime: 100y + Lifetime: <3200y
« Implications: + Implications: + Implications: + Implications:
« Sensitivity < weeks + Sensitivity < weeks « Sensitivity very long « Sensitivity back forever
« Biosphere + Chemical loss OH » Agriculture » Point sources
+ Fossil fuels « Agriculture « Biosphere « Electrical insulator
+ Agriculture / forests + Wetlands + Oceans « Only anthropogenic
« Different timescales + Pipeline leakage

» Ground based

Lniversitat
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What is a source-receptor relationship (SRR)?
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SRR - footprint
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Sensitivity == residence time
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relate measurements with emissions

kg kg
m? [s] sm?
measurement = sensitivites X emissions
[ppt] [S m’ kg
kg sm3
backward 1 1 1 S
backward 1 2 1 s m¥kg’
backward 2 1 1 s mé kg
backward 2 2 1 S
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@M. Vojta
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relate measurements with emissions

measurement = sensitivites X emissions
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What makes inverse modeling so much fun?

Source-Receptor-Relationship [sm*/kgl]
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apriori g posteriori data @M. Vojta
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Key Challenges in inverse
modeling

Observations (sampling time, sparse, satellites)

> Errors (obs, models, background concentrations)
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Sparseness - Variable resolution grid for inversions
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Need a Background

« in order to reproduce background signals, such as seasonal variability, simulations of
months to years would be necessary

 Global distribution-based (GDB)

4 baseline
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o

spatial distance to the observation

Yor Vojta et al. (2022)

21

g wniversitat
ey wilen



—

Exercise &t

Introduction first!

You: Lab 35 min + 10 min Group discussion with ALL
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Getting Started

Server Connection Error

L4 W h at yo u n eed to d 0 : A connection to the Jupyter server could not be established. JupyterLab
will continue trying to reconnect. Check your network connection or
. . . Jupyter server configuration.
1. Go to MyBinder, Go into the Inversion Folder -
[JJDo not show this message again in this session.

2. Optional: Open "Introduction.ipynb"

1. Shutdown all kernels

3. Open "Emissions.ipynb" + Complete all Tasks
1. run FLEXPART (SAVE OUTPUT + Download: tar cf inversion.tar output/)
2.  Answer questions
3. Shutdown all kernels

4,

Open “Inversion.ipynb” + Test different scenarios. _

Lniversitat
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https://mybinder.org/v2/gh/duetschm/flexpart11_training/HEAD

Introduction + Emissions

| assume you did some of the other exercises before

« E.g. compile the model, modify files, ...
« Introduction is optional, Look at the input data (met. files)
« Emissions:

« Define your simulation (COMMAND, OUTGRID, AGECLASS)

« Run FLEXPART & create tar and download

+ Plot your results / adjust parameters

2 Lniversitat
Jwien
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Inversion

« Look at the emission sensitivities
« Define your sources and prior estimates. run inversion

« Experiment with
« source location
e errors

« number of sources

Lniversitat
wien
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Input data

10 metre U wind component and 10 metre V wind componer
pressure at 12:00 on 2017-09-29
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2 metre temperature and Mean sea level pressure at 12:00 on 2017-09-29
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ERA5 FLEXPART input files. Reading GRIB. Plotting GRIB using earthkit
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Concentration [ppt]

Emission sensitivities
to emission sources?

concentration time series
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Concentration [ppt]

Inversion + sources + errors

Concentration Time Series

Emission Values by grid cell
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true emissions
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Before and after running the inversion. Using 4 different sources.
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