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Global warming trends and GHG emissions

COur 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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COur World

Greenhouse gas emissions by gas, World, 1850 to 2023 in Data
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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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o Total emissions: 104.6 Mt (-29.8 %)
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] International aviation sector: 5.3 Mt (+47.2 %)
Effort-sharing sector: 63.9 Mt(-19.1 %)

LULUCF sector: -0.4 Mt (-76.9 %)

Data source: European Environment Agency (EEA), 2024,



GHG emission monitoring

Atmospheric GHG observation systems
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Atmospheric inversion
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Atmospheric inversion

* Forward dispersion
Fluxtower from Mao etal 2022

EC data

2, @ "k
{ : Source inversion ¢ R s
AERENE
X %
Inversion model
kBwn: Source information Ovéinsicidon method * Known: observed concentrations

* Inverse estimation

“Prior”’-fluxes
Across region of
interest

Atmospheric

Transport Model
(e.g. WRF-Chem)

Atmospheric
GHG
concentrations



Atmospheric Inversion
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VPRMyvs. FLUXCOM-X

Simulating CO: fluxes bottom-up via flux-tower, satellite and meteorologydata:

Vegetation Photosynthesis FLUXCOM-X
Respiration Model (VPRM) « newand hot
« Wellestablished and widelyused * Machine learningbased (boosted
(Mahadevan et al 2008) regression trees)
* Equation based * Landcoverbased on MODIS MCD12Q1
* Landcoverbased on SYNMAP (Jungetal (Friedletal2019)in 500m resolution
2006)in 1 km resolution * Available in monthlyaverage 2012-2021
 Available in hourlyaverage 2012-2023 in 0.05°x0.05°resolution for Belgium

(2019 missing)in 0.125°x0.083°
resolution for Belgium

MAHADEVAN ET AL.: NET ECOSYSTEM EXCHANGE MODEL

Climate data
Tower Data
Surface Reflectance: MODIS
Validation & v v
GEE = (A x Tscaie X Wscale X Pscaie) X FAPARpay x 1/(1+PAR/PAR,) x PAR I A

Respiration = axT,+ P

A general overview of the FLUXCOM initiative.
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VPRMyvs. FLUXCOM-X

A: Landcover composition Belgium 2019

B: ICOS towers

Resolution:
FLUXCOMX

Dif. VPRM Dif. FC-X
(gC/m?/d) (gC/m?/d)

Landcover

Cropland (BE-Lon) 39.3 1+2.7 0.9+2.8

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
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Crop type integration

2020 1

R SRR RE TEy
iy

2010

LR LR

LR LR L UL

2000

BE-Lon CH-Oe2 CZ-KrP DE-Geb DE-Ki DE-RuS FR-Aur FR-EM2 FR-Gri FR-lam IE-Gwr IT-BCi PL-Brd

W eat | 73—
rapeseed 423
barley 122
maize - 29 I
beet 4 11 I
potato 412
sunflower 4
peppermint -
alfalfa -
triticale -
fennel A
eas -
fababean -
sorghum -
flageolet 4
commonbean -
spinach A

_,ER RS =S NN = O

1000 5000 10000 15000
Crop occupation days



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) === spinach (1) === wheat (73)

“Cropland”

0 100 200 300 400 50(
Days-since-sowing



Crop type integration
Crop type EC fluxdata Sentinel-2 high resolution images since 2017
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C;{\ca)p Jypg.integration
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C;{\?p Jypg.integration
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Thank you for your attention!

Questions?
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