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(Lopernicus

Europe’s eyes on Earth

HIGHLY EXPERIENCED

GeoVille is playing a key role in Copernicus
services for land applications, related to both
land cover data production and emergency
management services, as well as value-added
downstream applications in the spatial planning

domain.

Geo ' /fille
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“The monltorlng and reportlng of greenhouse gas
emlssmns must be robust transparent conS|stent and
accurate for the EU emlssmns trad|ng system (EU ETS) to
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“operate effectively.”

Source: European Commission Directorate-General for Climate Action
https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets/monitoring-reporting-and-verification-eu-ets-emissions_en
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LULUCF GHG Monitoring and Reporting System of Turkiye

EUrROPEAID

LULUCF-TR g s 82222

GHG Monitoring and Reporting System L)
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2010 - 2019
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TO STANDARDIZED REPORTING
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Austrian Flagship project - GHG-KIT

Prototyping an EO-enabled kit supporting greenhouse gas reporting
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Overall Aim

GHG reporting Prototype EO-integrated GHG

Element
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3 mmpeanggme.}w‘ rification (MRV) system supporting

the Austrian inventory report

* Verification Element: GHG flux estimates
(inverse modelling - top-down)

LULUCF Inventory Reporter (bottom-up)

ASAP18
FLAGSHIP PROJECT
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https://ghg-kit.at/

I TKeep it traceable. Prototyping an independent tool-kit system for GHG verification in Austria

INFORMATION LAYER MODELLING LAYER REPORTING LAYER
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GH@(IT LULUCF ACt|V|ty Data
2015-2023

9 LULUCF annual status maps
8 LULUCF transition maps
QA/QC Uncertainty assessment
Area statistics LU/LUC matrices
Comparison with NIR numbers

Code LULUCF Category / Level 1 Code Level 2 Code Level 3

Coniferous forest Coniferous forest
Deciduous forest Deciduous forest
Unstocked forest Unstocked forest

Annual cropland | 210 Annual cropland
221 \Viticulture
Orchards
Perennial cropland | 223 Other perennial crops
5 Other woody biomass in
cropland

21
22
2
311 (Grassland
Grassland 31 |Grassland 3 Other woody biomass in
grassland
41
42
2

Forest Land

Non-vegetated Settlements, 511 Unvegetated settlements

Vegetation in settlements > LSSl S
g 522 Grassland in settlements

611 Rocks and screes

6 Glaciers

613 Alpine dwarf shrub heaths
Other Land (difference) 620 Other Land (difference)

Settlements

5
12
Water | 410 Water
Wetland 420 Wetland
1
12

Other Land Other Land




Landsat and Sentinel Timeline

EO-integrated LULUCF Activity Data prototype covering a 9-year period 2015-2023
GHGRRK T

Sentinel 28 4 10-meter

sentinel 24 (NS ] coowmeorne opermicus
Sentinel 18 4§ B
Sentinel 1A 4 !
1968 1973 1979 1984 1990 1995 2001 2006 2012
Landsat 1 4§ 60-meter
landsat2 4 60-meter
landsat3 ¢ 60-meter

2017 2023
Landsat4 4

Landsat5 4

- 30-meter

Landsat6 @ {Did not reach arbit)

Landsat 7 4

Copernicus Sentinel

CRISTAL
Expansion Missions

0
Dore
e %
28

Landsat8 4

138y
Huipae™

Addressing main challenge of Consistency and Completeness
between Landsat and Sentinel era

GeoVille



ciaglar Classification: Al U-Net training algorithm

« CLMS CLCplus Backbone 2018, 2021 & 2023
o Land

 INVEKOS LPIS (Land Parcel Inventory System) Gpernicus ¥ Monitoring Service

» Cadastral data from BEV (Bundeseich und
Vermessungsamt) for Wetlands

12
. input
Post-Processing rulesets image loe NNRETTE
tile ol L L segmentation
B B - iad
Rule Method HEE 2l &l 8 g
Unstocked forest Grassland, shrubs and Forest mask . 'rg'
cropland within management T 256 128
boundary of the forest “ _l
Other woody single standing trees and Neighbour HHE Gl B E
biomass in small forest patches outside of | analysis using W o o
cropland/grassland the forest map from BFW and | buffer I _,I _J,I,I > con 33 ReLU
within cropland/grassland =HEH 5 o ) a3 copy and crop
Vegetation within Vegetation (grassland, single | Settlement ul'*."g’ & - - :"m p°°'22"22
settlements trees, tree rows, etc.) within mask ”-v&v‘b— ) _.:gniof:l *
settlements (e.g. parks, house ; b
gardens)

‘ Scalable solution other countries + EU

Compliance LULUCF regulation (2023 revision) GeoVille



ciaalir Change assessment: Inter-annual harmonization

Comparison of Reference and Reporting Periods

Workflow Diagram

RMSD

Per Pixel

take most often
occuring class before
and after this index
and reclass

= identify maxinmum
difference

= test against set threshold

= record index (location in
stack

!

Classification

O

0.4

0.2
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+

record of change
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GHag®qr QA/QC: Uncertainty assessment

Validation results

Coniferous forest
Deciduous forest

\Unstocked forest
/Annual cropland
Viticulture

Orchards
Other perennial crops

Other woody biomass in cropland
Grassland

Other woody biomass in grassland

Water

Wetland

Non-vegetated settlements
Trees in settlements

Grassland in settlements
Rocks and screes

Glaciers
Alpine dwarf shrub heaths

2017 2018 2019
0A OA OA
96.15% 96.15% 95.50%
2017 2018 2019 2020 2021 2022 2023
UA UA UA UA UA UA UA

96.85% 96.86% 95.60% 96.23% 96.23% 96.23% 96.23%
92.41% 92.41% 92.41% 92.41% 92.41% 92.41% 92.41%
90.02% 89.99% 89.98% 89.99% 89.99% 89.99% 89.99%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
66.00% 66.00% 66.00% 66.00% 66.00% 66.00% 66.00%
74.00% 74.00% 74.00% 74.00% 74.00% 74.00% 74.00%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
95.97% 95.97% 95.16% 95.16% 95.16% 95.16% 95.16%
98.00% 98.00% 98.00% 98.00% 96.00% 96.02% 96.01%
99.98% 99.99% 100.00% 100.00% 100.00% 100.00% 100.00%
96.00% 96.00% 96.00% 96.00% 96.00% 96.00% 96.00%
98.41% 98.41% 98.41% 98.42% 98.42% 98.42% 98.42%
98.01% 98.01% 98.00% 98.00% 98.00% 98.00% 98.00%
68.21% 68.11% 68.06% 66.07% 66.04% 66.02% 66.02%
98.42% 98.41% 98.42% 98.41% 98.41% 98.41% 98.42%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
94.00% 94.00% 94.00% 94.00% 94.00% 94.00% 94.00%

Forest
Cropland

Grassland

Wetlands/

2020 2021 2022 2023
OA OA OA OA
95.71% 95.71% 95.71% 95.71%
2017 2018 2019 2020 2021 2022 2023
PA PA PA PA PA PA PA

97.30% 97.30% 97.26% 97.28% 97.28% 97.28% 97.28%
95.39% 95.39% 93.36% 93.36% 93.36% 93.36% 93.36%
67.18% 67.17% 58.68% 62.64% 62.65% 62.65% 62.64%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
95.73% 95.73% 95.73% 95.73% 95.73% 95.73% 85.73%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
091% 0.91% 091% 091% 0.91% 0.91% 0.91%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
98.32% 98.32% 98.31% 98.39% 98.39% 98.39% 98.39%
43.25% 43.25% 43.24% 43.24% 42.74% 42.91% 42.79%
99.92% 99.92% 99.92% 99.92% 99.92% 99.92% 99.92%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
95.87% 95.89% 85.87% 94.70% 94.72% 94.72% 94.74%
67.35% 67.30% 67.29% 67.29% 67.25% 67.26% 67.26%
73.68% 73.57% 73.54% 72.94% 72.90% 72.87% 72.87%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
86.70% 86.70% 86.70% 86.70% 86.70% 86.70% 86.71%

Accuracy

Comparability

Water

Settlements

Other land

TOTAL

2018 (NIR 2023) CLC+ Backbone 2018

Difference
Area Area NIR / CLC+ BB Area
(km?) (km?)  (km?) (%) | (km?)
40,130 40,249 -119 +0.3 43,545
14,036 11,747 +2288 - 14,128
15,137 22,941 -7804 +51.6 17,761
1,533 847 +686 - 1,045
5,696 3,340 +2356 - 3,679
7,341 4,772 +2569 - 3,785
83,873 83,897 -24 +0.0 83,944

110
120
130
210
221
222
223
225
311
312
410
420
511
521
522
611
612
613

2017

Area (kha)

2958.85
778.93
250.52

1249.96

28.87
4.14
13.75
2.88
2065.25
6.18
71.89
11.87
289.66
37.79
85.39
354.36
17.63
152.03

Uncertainty
(kha)

+90.46
+58.33
+65.77
+0.00
+5.59
+0.69
+5.48
+0.00
+59.10
+6.34
+1.74
+0.66
+33.08
+6.13
+27.21
+7.14
+0.00
+27.15

CLC+ LULUCF Instances 2018

Difference NIR /
LULUCF Instances

(lam?)
-3415
-92
-2624
+488
+2016
+3556

-71

(%)

2018

Area (kha)

2973.06
779.58
248.97

1250.09

28.87
4.15
13.75
2.87
2067.74
6.18
7172
11.88
274.50
38.17
83.88
354.62
17.63
152.28

Uncertainty
(kha)

+87.00
+58.99
+67.59
0.00
15.59
+0.69
15.48
+0.00
+60.35
6.34
+1.74
0.65
+10.36
16.42
127.49
16,76
10,00
+27.57

2020

2019

z g£_ z

= B3 =

g 8% 3

E- £
2939.72 +98.37 2954.82
791.96 +64.60 792.67
282.43 +81.60 267.65
1250.06 +0.00 1250.12
28.87 £5.59 28.87
4,15 £0.69 4,15
13.75 £5.48 13.75
2.87 +0.00 2.87
2052.36 +64.97 2049.70
6.24 +6.44 6.18
72.93 0.12 7297
11.88 +0.65 11.87
279.86 +11.81 283.43
38.69 16.77 39.11
80.89 £27.45 78.35
353.65 6.19 353.62
17.63 +0.00 17.63
152.01 +27.71 152.19

GHG-KIT 2018

Difference
NIR / GHG-KIT

Area
(km?)

39,346
13,023
20,195

963

4,439

5,845

83,811

(km?)
+784
+1012
-5058
+571
+1257
+1496

+61

(%)

+33.4

Uncertainty
(kha)

194.61
165.23
176.38
+0.00
15.59
+0.69
15.48
+0.00
+65.97
16.34
0.12
10.66
+11.95
17.05
+27.90
16.13
+0.00
+28.12

2021

Area (kha)

2954.95
792.34
268.34

1249.89

28.87
4.15
13.75
2.87
2039.48
6.12
73.00
11.87
280.57
52.58
7137
353.88
17.63
152.27

Uncertainty
(kha)

+95.22
+65.78
+76.82
+0.00
+5.59
+0.69
+5.48
+0.00
+71.16
+6.34
+0.12
+0.66
+9.86
+26.89
+28.05
+5.83
+0.00
+28.27

2022

Area (kha)

2954.06
791.67
269.09

1249.88

28.87
4.15
13.75
2.87
2040.67
6.20
72.95
11.87
281.34
53.04
75.77
353.88
17.63
152.25

Uncertainty
(kha)

+96.05
66.17
+77.71
+0.00
15,59
10.69
15,48
40,00
170.88
+6.45
+0.12
+0.66
+9.88
+26.82
127,97
15,88
10.00
128,14

Geo

2023

Area (kha)
Uncertainty
(kha)

2953.34 +96.65
791.04 £66.71
269.21 £78.19

1249.58 +0.00

28.87 £5.59
4.14 0.69
13.75 £5.48
2.87 +0.00
2040.18 +71.37
6.24 +6.55
72.92 £0.12
11.88 +0.65
283.41 £10.14
54.15 £27.15
73.29 £28.32
354.83 £5.89
17.65 +0.00
152.60 +28.25
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GHGaBkiT GHG-KIT - Prototyping an EO-enabled kit

supporting greenhouse gas reporting
User & Stakeholder Conference / Closure Meetmg

SAVE THE DATE!
26-27 February 2025
TU WIEN Kuppelsaal, Vienna

GeoVYille
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CLCplus LULUCF Instances - Feasibility study change enhancement

* B A S

Land
Monitoring T

CLC+ Core CLC+ Instance

Spatial domain

W T
LI [
A b
AW i
’
ﬂ [
b8 ) | CLCplus Core baseline
) LULUCF status maps
£ Natioral LLCEressation 2018, 2021, 2022, 2023,...

199999997 T LUC time serief)
RREHNR R B processor extension
2018-2023 onwards

Inter-annual harmonization method
Adapted to the CLCplus LULUCF Instances
Austrian investment 2.4 M€
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Above-Ground-Biomass Mapping in Mozambique
ESA GDA Climate Resilience - World Bank MRV V2.0

Sentinel-2

ALOS-
PALSAR-2

ALS

TLS

Aboveground Biomass Density [Mg/Ha]
413

Predicted Above Ground Biomas values [Mg/Ha)

250 1

200

150

100 1

U-NET

Actual vs Predicted Above Ground Biomas values [Mg/Ha]

0 50 100 150 200 250 300
Actual Above Ground Biomas values [Mg/Ha]

oz

RMSE 28.98 Mg/ha

Bias -5.26
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EUREKA BREATHE - EO-based enhancement and verification of LULUCF

inventories for forest & biomass

Prototype EO-integrated MRV System of
greenhouse gas (GHG) emissions from Above-
Ground-Biomass (AGB) changes in Austria and
forest fires in Tiirkiye

BREATHE's specific aims:

— processing of multisource GHG satellite missions

— detailed information on the Earth'’s surface - including LULUCF,
CLMS and newly developed information about forest and biomass

— Integration of independent field biomass measurements

— atmospheric transport modelling of GHG fluxes resulting from
forest fires

— integration of all these different data sources and methods on a
cloud-based IT system, compliant with the UNFCCC reporting
standards.

BREATHE

https://breathe-project.eu/

FFG
eUI:yer(g TUBITAK
GeoVWille o GLOBETECH

umweltbun desamt

ENVIRONMENT AGENCY AUSTRIA 25
< REPUBLIC OF TURKIYE

-: N\ i MINISTRY OF AGRICULTURE AND FORESTRY
" %MD" GENERAL DIRECTORATE OF FORESTRY

> ~, . B o ® v\
janvcrsitat SISTEMA

ENVIRONMENTAL INFORMATION MINING



3 HLS Processing «

ECOSYSTEM LIDAR

a4 Above-Ground-Biomass Density -

Mapping 2019-2022 e |

(Geometric Resampling and Geographic Registration

o ¥a -
BRDF Normalization

Band Pass Adjustment

coverage
beams

-
60m $30 Product

Austria . .

Biomass - AGBD - 2022 S =
P -

Aboveground Biomass Density (AGBD)

Data sources: GEDI L4A based Modeled Aboveground
Biomass Data (AGBD) for 2022 with resolution of 30m.
The Machine Learning Biomass model data used GEDI
L4A, HLS, Sentinel1 and Copernicus DEM data.

This dataset is openly shared, without restriction, in
accordance with the EOSDIS Data Use Policy.

Map produced by SISTEMA GmbH

8 The scope of the BREATHE project - "EO-based

! enhancement and verification of LULUCF inventories
for forest & biomass" is to develop a proof-of-concept
and prototype the 1st operational earth
observation-integrated monitoring, reporting and
verification system for forest biomass and wildfires to
meet the needs of environmental agencies across
Europe in fullfilling their greenhouse gas national
inventory report to UNFCCC, with a focus on
standardization and uncertainty reduction. The
benefits and applicability extends to the private sector
of forest carbon trading, corporate sustainability
reporting and voluntary carbon market.
https://breathe-project.eu/

Over 9000 In-Situ values over Austria

Mean Absolute Error (Mg

2019 141.50

AGBD in Mg/ha Il 250 - 300 2020 146.46
Il <=50 I 300-350

I 50-100 [ 350-400 2021 149.04
B 100-150 [ ] 400-450 2022 152.57
B 150-200 [ |>450

This work is supported by The Austrian Research
Promotion Agency (Forschungsférderungsgesellschaft
= FFG) and the Scientific and Technological Research
Council of Tiirkiye (TUBITAK) through the EUREKA
European Research Funding Program.

0 : ° 200

0 g & i 4?0km .
— e T ™ e rt e T T TTE TeE M 200-250 ) Austria

V\ .
https://gtif.esa.int/ SISTEMA Geol/ille
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EUREKA BREATHE - EO-based enhancement and verification of LULUCF
inventories for forest & biomass

Prototype EO-integrated MRV System of greenhouse gas (GHG) emissions from
Above-Ground-Biomass (AGB) changes in Austria and forest fires in Tiirkiye

BREATHE

© Austria
"% Above Ground Biomass Change

Il no emission
B 00-02tC02/ 10x10m
0,2-04tC02/ 10x10m
- 04-0,6tC02/ 10x10m
- 06-08tC02/7 10x10m
o Il > 02tco2/10x10m

Forest disturbances Above ground biomass CO2 emissions & removals
density (AGBD) changes /
Geo (ille



EUREKA BREATHE - EO-based enhancement and verification of LULUCF
inventories for forest & biomass

Tiirkiye — Use Case Mugla:
2>  Forest fires (2021)

Fire severity

BREATHE

b s, 5 5 : . no emission
Not affected L WA N DT TR s S M 0,0-0,2tC02/ 10x10m
Low severity oot P £ e N 0,2-0,4tCO2 / 10x10m
B Moderatedow severity ) ¥ 0,4-0,6 tCO2 / 10x10m
B Moderate-high severity B 0,6-0,8tC02/ 10x10m
B Hich severity B > 0.5tco2/ 10x10m

isress, PR 0
mnnﬁﬁlusBTLrig g; ;lé?crétJELTunE avoforesty - U IMWe itbundesamt Geo i I I e

GENERAL DIRECTORATE OF FORESTRY ENVIRONMENT AGENCY AUSTRIA




«Take-Home Messages»

EO-integrated LULUCF and Carbon Removal MRV service covering transition periods of 20-35 years using
Landsat and Sentinel time series scalable to other countries and at pan-European level

Scientifically proven technological solution (> 5 M€ European/Austrian R&D investments), pre-operational
testing & service demonstration in Austria and Tirkiye, some elements (LULUCF AD) already operational
under Copernicus

Roll-out via high performance cloud operation ICT system

Compliance with LULUCF regulation (2023 revision) to integrate geospatially explicit information reaching
Tier 2-3 approaches for Key categories such as Forest by 2028

Addressing the needs of Transparency, Accuracy, Consistency, Completeness and Comparability -TACCC
principles of both the compliance and voluntary carbon markets
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Breakout Group 1 - Enhancing Earth Observation Monitoring Capabilities

Questions to be addressed:
1. How can EO-based data and methodologies can be leveraged to comply with the TACCC principles of
Transparency, Accuracy, Completeness, Consistency and Comparability in support to monitoring and

verification of carbon removals?

2. What are the main challenges to address for the operationalization and standardization of an EO-based MRV
system of carbon removals in Europe?

3. How can we bridge the gap between the different stakeholders (policymakers, researchers, service
providers, financial institutions, carbon rating agencies, farmers,...) across the entire carbon market value
chain?

4. Who will set the standards taken as a baseline for the subsidies of the new ETS based on LULUCF ?

5. What are the user requirements for an EO-based carbon removal MRV system?

GeoVille



What
We
Do

CONTACT US

GeoVille Information Systems
& Data Processing GmbH
Sparkassenplatz 2

6020 Innsbruck, Austria

AjG

GLOBAL INSIGHTS

GeoVille is internationally renowned for its
leading role in innovative Earth observation
services and offers a one-stop-shop for
targeted value-added geo-information

products and related solutions.

OR FIND US ONLINE

e info@geoville.com
www.GeoVille.com



https://www.geoville.com/
https://www.geoville.com/contact/
https://www.linkedin.com/company/geoville-information-systems-gmbh
https://www.facebook.com/geovilleinformationsystems/
https://twitter.com/geoville_gmbh
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