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Motivation
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W EU Renewable Energy Directive sets an overall binding target of
at least 42.5% renewable energy in the EU's energy mix by 2030.

® To ensure Europe’s energy security, the energy transition —
shifting from fossil fuels to renewables — is no longer just an JRC Report, 2021:

. . . h f dy bi f duction in th
environmental goal but a geopolitical necessity. R

W Forest biomass is a key component of Europe’s energy transition.

Biomass density
(Mg/ha)

Figure 24. Map of the reference biomass statistics for the year 2010, expressed as biomass density of the forest area (Unit
megagrams per hectare, equivalent to tonnes per hectare)
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MOtivation National German Forest Inventory
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W EU Renewable Energy Directive sets an overall binding target of
at least 42.5% renewable energy in the EU's energy mix by 2030.

@ To ensure Europe’s energy security, the energy transition —
shifting from fossil fuels to renewables — is no longer just an
environmental goal but a geopolitical necessity.

. . " : 5
¥ Forest biomass is a key component of Europe’s energy transition. carbon sink or carbon source:

Kohlenstoffvorrat in Wald und Holzprodukten Deutschlands
W Use of forest biomass for bioenergy must be sustainable and
ensure forests ecosystem functions -> damaged wood / residues

993

28
217

® Goal: support regional planning of biomass use (power plants)
with spatially explicit information

1990 2012 2017 2022

Quelle: BMEL, Thinen-Institut fiir Waldokosysteme



Proposed ,,EU Forest Monitoring Law*
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¥ Member States shall collect the following forest data:

forest available and not available for wood supply;
growing stock volume;

net annual increment;

stand structure;

tree species composition and richness;
European forest type;

removals;

deadwood;

location of forest habitats in Natura 2000 sites;
abundance of common forest birds;

location of primary and old-growth forests;
protected forest areas;

production and trade of wood products;

forest biomass for bioenergy
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Proposed ,,EU Forest Monitoring Law*
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¥ Member States shall collect the following forest data:

Bi®energy

forest available and not available for wood supply; e

growing stock volume;

net annual increment;

stand structure;

tree species composition and richness;
European forest type;

removals;

deadwood;

location of forest habitats in Natura 2000 sites;
abundance of common forest birds;
location of primary and old-growth forests;
protected forest areas;

production and trade of wood products;
forest biomass for bioenergy

Biomass » Eaf rerorr -

Agricultural oody
Biomass A 09/ ¥ Biomass

unaccounted primary
9%

industrial roundwood

Fuelwood
24%

Post 1sumer wood
_ 5%

Unaccounted secondary

lllll tegorised %
14% By-products net-import
1%

Origin of wood fibres used for bioenergy in the EU (2015)
JRC Report, 2021: The use of woody biomass for energy production in the EU
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Existing Forest Biomass Data in Europe
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® ESA CCl Biomass: global 100m AGB product




Existing Forest Biomass Data in Europe

® ESA CCl Biomass: global 100m AGB product o3 i =
W ESA Forest Carbon Monitoring Platform: based on satellite data m
and field measurements; 20m product of AGB and BGB + WS S —— N

growing stock volume for Europe

CATALONIA EUROPE FINLAND NORWAY

View products Above ground biomass 2023

Above ground biomass (AGB) in t/ha in
m spatial resolution created with the

<2z
8833

Sen 2021
Sentinel-2 true colour 2026
Sentinel-2 false colour 2626
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Existing Forest Biomass Data in Europe
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AGB, 2020, CCI Biomass v5 [Mg ha™)

-

® ESA CCl Biomass: global 100m AGB product e NGl B

W ESA Forest Carbon Monitoring Platform: based on satellite data ‘
and field measurements; 20m product of AGB and BGB + we——— & - W
growing stock volume for Europe

® Global Canopy Height models — such as Lang et al. 2023: fuses

GEDI with Sentinel-2

a
Canopy-top hesght (m)
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Existing Forest Biomass Data in Europe
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Sentinel 2 ALS

®w ESA CCl Biomass: global 100m AGB product
g P \‘\

N =
W ESA Forest Carbon Monitoring Platform: based on satellite data
and field measurements; 20m product of AGB and BGB +
growing stock volume for Europe

® Global Canopy Height models — such as Lang et al. 2023: fuses
GEDI with Sentinel-2

¥ National Airborne Laserscanning data (ALS) data combined
with disturbance information and tree species information
from Sentinel-2

FUTURE GreenForCE
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ALS Data Availability in Europe
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Country / Region

ALS DATA COLLECTION IN EUROPE

Austria (Burgenland) - 9
Austria (Carinthia) I |
Austria (Lower Austria) I
Austria (Salzburg) ]
Austria (Styria) L L]
Austria (Tyrol) § | I
Austria (Upper Austria) I
Austria (Vienna) - ® ]
Austria (Vorarlberg) -
Belgium (Brussels) ® [ ]
Belgium (Flanders) 4 |
Belgium (Wallonia) 9
Czechia -
Denmark - ® L
England ]
Estonia I
Finland {________|
France I
Germany (Schleswig Holstein} 4 |
Germany (Baden-Wirttemberg) 4 | |
Germany (Bavaria) - |
Germany (Berlin) - 9
Germany (Brandenburg) I
Germany (Bremen) |
Germany (Hamburg) - L ] e ©
Germany (Hessen) I . ——
Germany (Lower Saxony) |
Germany (Mecklenburg-Vorpommern) - ]
Germany (North Rhine Westphalia) ]
Germany (Rhineland Palatinate) I .
Germany (Saarland) | 9
Germany (Saxony) o I I
Germany (Saxony-Anhalt) - |

Germany (Thuringia) R
Ireland

Italy

Latvia o
Lichtenstein
Lithuania
Luxembourg -
Malta
Netherlands
Northern Ireland
Morway o
Poland
Portugal 4
Romania
Scotland
Slovakia
Slovenia
Spain H
Sweden
Switzerland |
Wales

T T T T T T T
1986 2000 2004 2008 2012 2016 2020 2024
Year

Point Density (points/m?)
= 1.0 point/m?
e 1.1-5.0 points/m?
B 5.1-10.0 points/m?
> 10.0 points/m?
B Unknown

/

Basemap: Esri; Michael Bauer Research GmbH.

JOANNEUM
RESEARCH
DIGITAL

ALS Point Density < 1.0 point/m?

B0 1.1-5.0 points/m2
B 5.1-10.0 points/m?
I > 10.0 points/m?

Vitézslav Moudry et al. (2025)
Preprint: https://eartharxiv.org/repository/view/8160/

Partially Covered Areas

0 400 800 KM
I I N S
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Growing stock volume estimates at stand level

Different models for different forest type and growth regions
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vol [vfm]

Linear regression
model

> Y= agx®

> Y...Timber Volume

> X....Canopy Space Integral

Correlation
» R2=0,78
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ALS Growing Stock Volume: Example Forest Atlas Styria
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Growing stock volume estimates at stand level

Different models for different forest type and growth regions
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@ Comparison with
Sentinel based
estimates show a
clustering between
500 to 700m3/ha
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ALS Growing Stock Volume: Example Forest Atlas Styria

800

1000



JOANNEUM \
RESEARCH
DIGITAL /]

ALS Growing Stock Volume: Example Forest Atlas Styria
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Sentinel-2 Based Forest Disturbance Data
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Tree Cover Density (2018) Disturbance Detection Date Tree Cover Density (2021)
Disturbance Detection
2019-04 2021-05
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2020-08 2022-09
2020-09
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10°52'E
Google Maps VHR Imagery Disturbance Classification .
(17.06.2021) at Detection Date Sentinel Image 01.10.2021 Evoland
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Colored Composition
B Clear Cut Probability Data G AF AG
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Continuously Mapping Forest Change and Disturbances

W Forest area change information
® GSV and biomass estimation (AGB) tools
W Forest type / tree species maps are available

® Number of trees in a forest stand

ickag
LEGENDE ~
Regensburg

Fichte (tw. + Tanne)
B Fichte-Larche-Zirbe
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M Fichte-Laub 4 Augsburg
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Ingolstadt
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Continuous mapping of forest
disturbances in Austria

Example:
Massive bark-beetle ™%
outbreak in East Tyrol
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Continuously Mapping Forest Change and Disturbances
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> Biomass estimates for forest disturbance areas R oA ’))»))
Continuous mapping of forest
> Biomass estimates for forest stand level disturbances in Austria

Example: i
Massive bark-beetle “FE#@N% S
outbreak in East Tyrol ~  _l.--="7" S

FUTURE

Airborne Laser Scanning Sentinel 2
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Continuously Mapping Forest Change and Disturbances
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> Biomass estimates for forest disturbance areas REGIONER EMETEg g, SIS ISREls

Mean AGB in t/ha
B 120 - 140
B 140 - 160
B 160 - 180
[ 180 - 200
[ ] 200-220

> Biomass estimates for forest stand level

» Biomass estimates on regional/local level (NUTS 5)

FUTUREFOR”

Airborne Laser Scanning Sentinel 2

) 4 Map of above ground biomass in t/ha
Austria, NUTS level 5 regions
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Example: Biomass in Windthrow Affected Forest Stands
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Automated biomass calculation is available for windthrow-affected
areas for the chosen event,

Click on polygon of area of interest in image below for biomass
calculation (add change areas),

R 0 - 20,000000

Timber volume
Y [ 20,000001 - 100,000000

A Yo,
rmemp g -z FUTUREFOR

. : [ 250,000001 - 00,000000
solid cubic meters B > 500,000001

Choose polygon of interest for detailed biomass information.

Tree count 414
Mean tree height [m] 2343
Top tree height [m] 32
+ Spruce 85
+ Beech 15
— from ALS 4376
. from CCl-Biomass
—+ Damaged primary wood 2826
—+ Harvest wastes B85
—+ Sawmill residues 70

energy
wood

industrial
wood

round wood
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Example: Biomass in Windthrow Affected Forest Stands
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Automated biomass calculation is available for windthrow-affected
areas for the chosen event,

Click on polygon of area of
calculation (add change areas).

Problem:

* Available open ALS data is often outdated

* For Styria: open ALS data is from 2008-2013

e GSV and AGB models need to include the annual
increment
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Multitemporal ALS: growth rates/increment at stand level?
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® Growths rates at stand level will allow us to include the annual increment to P
the biomass models A

ALS 2006 ALS 2021 difference

1 year I 16 years no 2nd campaign

canopy height: canopy height difference:

200 400 m

! | om [T

50 m -20m D B 20m

>z



ESA GTIF: Location of sawmills and biomass power plants
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2 THE EUROPEAN SPACE AGENCY

Support the planning of regional wood bioenergy plants

GTIF | Green Transition Information Factory

DVRamIc HUMAR Prece

> EO0sAlps © 2 The forest mask classification output is based on a limited amount of

training data, which is unlikely to represent all possible phenological
conditions or forest structure types. This prototype is not validated and
7. s -1 should therefore be considered as an example of the type of product

' which could be created based on the implemented methodology and
training data available so far.

Vv Forest Analysis 5

(O Above Ground Biomass
(® Annual forest mask
O Forest change detections
QO Forest disturbance type

QO Forest explorer

FUTUREFOR”

) eorrech

> Green Roofs | 8

> Heat Explorer 1

> Human Mobility Patterns 6

> Hydropower Assessment = 5

-~

> Micro Hydropower Tools 1

i .!
)
1
4

> Mobility - Air Quality Correlation © 7

> Moving Truck Detections | 2

> NO2 Measurements 2

Secondary ® H&P

secondary

HATERS JRC Report, 2021

v Overlay Layers

Overlay labels
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Sustainability Apects

2

® Ensure forests remain a carbon sink
® Ensure forest habitat functions
@ Ensure regional sourcing

® Ensure soil quality
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Sustainability Apects

® Ensure forests remain a carbon sink

® Ensure forest habitat functions

® Ensure regional sourcing

® Ensure soil quality

. . Management suggestions
e et (nutrient perspective only!)
Soil balance without harvest
TB. <0 slightly positive, but any Only use stem wood
B harvest leads to a (debarking if possible)
negative total balance
Total bglance mc“.ldm.g Only use merchantable wood (no
TByn>0 extensive harvest is still ) . .
. crown; debarking if possible)
positive
L !ncludlng . Use of merchantable wood parts
TBgea >0 | common practice harvest is .
§ o of the crown possible
still positive

JOANNEUM \
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“Harvesting bioenergy - risking soil nutrient sustainability?”

presentation by Femke Ringwald, FowiTa, Freiburg, 2025

Test areas Baden-Wirttemberg

Tree species: Koltzow et al. (in prep.

)
Site Index: Yue et al. (2016) / Schmidt (2020) / Schick et al. (in prep)

Evaluation: Mean

3/09: mittlerer Schwarzwald

4/02: Weinbaugebiet Vaihingen/Enz

4/03: Kocher-Jagst-Landschaft

energy
‘ 1
wood
5 industrial
wood

I round wood

. SB negative

MIN negative MIN positive REAL positive . MAX positive no data

Source: FVA BW + project partners, Project StWM-KPW funded by FNR, Date: 25.09.2025 09:42h

Vonderach, C., Ringwald, F. Ahrends, B., Weiken, S.,
Hartmann et al. (in prep), Nutrient sustainability in forest
management: a comparative analysis with an example
for Baden-Wirttemberg
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Take Home Messages & Take Home Challenges

¥ Mapping accurate timber volume and AGB from ALS data is possible at stand level or disturbed areas
W ALS data is available for most European countries -> Open Data?
@ National or regional field data (NFI) is required -> Open Data?

® Alternative forest biomass products already exists (ESA CCl Biomass, ESA Forest Carbon Monitoring),
PathFinder project) for areas where ALS data is not available

Challenges:

® Wood residues: what are realistic wood residues by tree species (harvest, sawmill)?

® Timber market: volatile market prices for energy wood, industrial wood, round wood drive harvesting
® Sustainability: which forest biomass should stay in the forest (soil nutrients, deadwood for habitats, etc)?

® Technical challenges: huge datasets; varying ALS point densities; user access rights to sensitive data?
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