Universiteit ¥ LIE
Antwerpen VERBE :& uLnllvEegl'E

The potential of improving the estimation of national
biogenic greenhouse gas emissions via the
integration of crop identity

Thilo Heinecke
(th-h@outlook.de)

fwo

Research Foundation
Flanders
Opening new horizons




Global warming trends and GHG emissions

Our World

Greenhouse gas emissions by gas, World, 1850 to 2023 in Data
Greenhouse gas emissions from all sources, including agriculture and land-use change. They are measured in tonnes
of carbon dioxide-equivalents over a 100-year timescale.
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Global warming trends and GHG emissions

Our World

Greenhouse gas emissions by gas, World, 1850 to 2023 in Data
Greenhouse gas emissions from all sources, including agriculture and land-use change. They are measured in tonnes
of carbon dioxide-equivalents over a 100-year timescale.
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Global warming trends and GHG emissions

Greenhouse gas emissions by the economy and GDP in the EU, Q4 2021 - Q4 2024
(million tonnes of CO,-equivalents, chain linked volumes (2015) million euro)
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EU targets compared to emission levels of
1990:
- 2030: 55% (new target 66.25 — 72.5%)
- 2040: 90% (now with 5% carbon credit)
- net neutrality by 2050
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Figure1— Belgﬁm's greenhouse gas emissions in million tonnes (Mt), 2005-2023
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Data source: European Environment Agency (EEA), 2024.



GHG emission monitoring

Atmospheric GHG observation systems
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Atmospheric inversion

Wind * Forward dispersion
Fluxtower from Mao et al 2022
EC data
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Atmospheric inversion

* Forward dispersion

Fluxtower from Mao et al 2022
EC data
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Atmospheric Inversion

Upscaling
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VPRM vs. FLUXCOM-X

Simulating CO:2 fluxes bottom-up via flux-tower, satellite and meteorology data:

Vegetation Photosynthesis

Respiration Model (VPRM)

 Well established and widely used
(Mahadevan et al 2008)

* Equation based

* Landcover based on SYNMAP (Jung et al
2006) in 1 km resolution

* Available in hourly average 2012-2023
(2019 missing) in 0.125°x 0.083°
resolution for Belgium

MAHADEVAN ET AL.: NET ECOSYSTEM EXCHANGE MODEL

Climate data
Tower Data
Surface Reflectance: MODIS
Validation & v A
Optimization LSWI I I EVI

GEE = (A x Tscate X Wecate X Pscaie) X FAPARpay x 1/(1+PAR/PAR,) x PAR

Respiration = axT,+ P

FLUXCOM-X
new and hot
Machine learning based (boosted
regression trees)
Landcover based on MODIS MCD12Q1
(Friedlet al 2019) in 500m resolution
Available in monthly average 2012-2021
in 0.05° x 0.05° resolution for Belgium
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A general overview of the FLUXCOM initiative.
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VPRM vs. FLUXCOM-X

A: Landcover composition Belgium 2019

B: ICOS towers

[Closed_DCbroad |[EEEA

Resolution:
FLUXCOMX

BEL LC Dif. VPRM Dif. FC-X
(%) (8C/m?>/d) (8C/m?/d)

Cropland (BE-Lon) 39.3 12,7 0.9+2.8

Landcover

Herbal Vegetation (BE-Dor) 8.4 0.1 £2.1 0.2%+1.4

6 -0.3 #1.1 0.1+1.3
0.1 -0.3 =1 0.1+0.5




Atmospheric Inversion and landcovers

Estimated CO, fluxes for different vegetation classes over Germany

Vegetation types:

» Cropland (crop)
» Deciduous forest (decid)

» Evergreen forest (evergreen)

» Mixed forest (mixfrst)

Solid lines: posterior fluxes estimated using CSR
Dotted lines: prior fluxes calculated with VPRM
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Atmospheric Inversion and landcovers

Posterior uncertainty reduction

Q) Prior uncertainty assigned
to each class according to
the fractional contribution
to total fluxes
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Crop type integration
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Crop type integration

alfalfa (2) === beet (11) === peas(2) rapeseed (23) sunflower (5)
=== barley (22) fennel (2) === peppermint (1) sorghum (1) triticale (2)
=== beans (3) === maize (29) === potato (12) == gpinach (1) = Wwheat (73)

“Cropland”
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Crop type integration

Crop type EC fluxdata Sentinel-2 high resolution images since 2017
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Cﬂ\? phype integration
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Cﬂ\?p\}"mgﬁig‘tegration
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Thank you for your attention!
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