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About OptFor-EU

OptFor-EU wants to co-develop a Decision Support System (DSS) with forest managers
and other forest stakeholders, that provides them with suitable climate adaptation and
mitigation options for science-based optimising forest ecosystem services (FES)
(including decarbonisation) and enhancing forest resilience and its capacities to mitigate
climate change across Europe.

The project ‘OPTimising FORest management decisions for a low-carbon, climate
resilient future in Europe (OptFor-EU)" will build a Decision Support System (DSS) to
provide forest managers and other relevant stakeholders with tailored options for
optimising decarbonisation and other Forest Ecosystem Services (FES) across Europe.

Based on exploitation of existing data sources, use of novel Essential Forest Mitigation
Indicators and relationships between climate drivers, forest responses and ecosystem
services, OptFor-EU has five specific objectives:

e Provide an improved characterisation of the Forest-Climate Nexus and FES;

o Utilise end-user focused process modelling;

o Empower forest end-users to make informed decisions to enhance forest resilience
and decarbonisation;

e Provide a novel DSS service; and

e Bridging different EU strategic priorities, robust science, and stakeholders in the
forest and forest-based sectors.

Based on a supply-demand approach, the methodology combines an iterative process of
data consolidation, modelling, and co-development of solutions alongside forest
managers and other practice stakeholders in all European Forest Types. The DSS will be
designed and tested at 8 case study areas, to provide a ready-to-use service, near to
operational (TRL7) at European level, while a user adoption and up-take plan will
maximise the societal and business impact.
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EXECUTIVE SUMMARY

This deliverable addresses the need for a land cover dataset with implemented forest
management practices (FMPs) for regional climate models (RCMs). Within OptFor-EU,
forest-climate interactions are studied with different model approaches, which have
different requirements on their land cover datasets. After the context for this deliverable
in Section 1, the available datasets within this project are described in Section 2.

« LANDMATE PFT dataset: A high-resolution (~ 2 km) land cover dataset suitable for
RCM studies on convection-permitting scales in Europe.

o LUCAS LUC dataset: A high-resolution (~ 10 km) dataset showing historical and
projected land use and cover changes, including future scenarios such as SSP126,
which represents strong afforestation in Europe.

o EFT dataset: A detailed and consistent dataset (D1.1) representing the tree
distribution across Europe at 100 m horizontal resolution.

In Section 3, we describe the implementation of the FMP thinning into the LANDMATE
PFT dataset for two selected Case Study Areas (CSAs,) CSA4 (Eastern Lowlands of Lower
Saxony, Germany) and CSA6 (Arges and Teleorman county, Romania). We align our
assumptions with the forest model experiments in D22 Report on new Forest
Management Practices (FMP) in forest models and implications for land cover change
parametrisation in climate models (Neumann et al. 2024b), and adapt them to the
feasibility of regional climate model (RCM) studies. In the end, a land cover dataset with
implemented FMP is created that shows a reduced tree fraction and an increased grass
fraction in model grid cells. The dataset is published at 0.0275° horizontal resolution for
the two selected CSAs on a rotated grid at an openly accessible Zenodo repository. For
addressing a different grid or additional CSAs, the source code for creating the dataset is
published as well (Pop et al. 2024). Section 4 gives an outlook on the implementation of
this dataset into RCMs, which will affect land surface properties and lead to effects and
feedback in the atmosphere through altered land-atmosphere exchange processes.
Section 5 provides an overview of the data and code availability used for this deliverable.

10
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1. Context

Within OptFor-EU, the interaction between forest and climate is studied with different
modelling approaches. These approaches have different requirements, which were
compiled as part of a project-wide survey (Table 1). The aim of this deliverable is to develop
a new dataset for regional climate models (RCMs), which includes forest management
practices (FMPs), building the basis for modelling the effects and feedbacks of FMP on
local and regional climate conditions. This dataset has to match the requirement of both
RCMs used within this project, REM0O2020-iIMOVE and RegCM5+CLM4.5. The simulations
will be conducted for selected CSAs on high resolution (~ 3 km), which implies the need
of a high-resolution land cover dataset. The choice of a suitable land cover dataset is
crucial in regional climate modelling. Land cover datasets define the spatial distribution
of land surface characteristics, which determine land-atmosphere exchange processes
(Hoffmann et al. 2023).

In accordance with D21 Report on the FMP and their relevance in different CSA
(Neumann et al. 2024a) and D2.2 Report on nhew Forest Management Practices (FMP) in
forest models and implications for land cover change parametrisation in climate models
(Neumann et al. 2024b), and as a result of stakeholder information collected within the
framework of this project, it was decided to implement the forest management practice
of thinning forest stands. Thinning plays an important role in business-as-usual (BAU)
forest management (D2.1, Neumann et al. 2024a), modifying land surface properties,
which affect the exchange of energy and substances between land and atmosphere.
Therefore, we expect various effects and feedbacks on local and regional climatic
conditions.

After providing an overview and comparison of existing land cover datasets applied
within OptFor-EU (Section 2), this deliverable describes the implementation of the
selected FMP thinning in the selected land cover dataset at high spatial resolution
making it suitable for regional climate modelling on 3 km resolution (Section 3).

12

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://meteoromaniaro.sharepoint.com/:b:/r/sites/OptFor-EU/Shared%20Documents/General/Deliverables%20and%20Milestones/2024/OptFor-EU_D2.2_%20Report%20on%20new%20FMP%20in%20forest%20models%20and%20implications%20for%20land%20cover%20change%20parametrisation%20in%20climate%20models%20_v01_20241030.pdf?csf=1&web=1&e=jHStKb

OptFor-EU

Partner

CNR

BOKU

GERICS/
Hereon

13

Model

Forest
model 3D-
CMCC-FM

Forest
model
PICUS

RCM
REMO
2020-
iIMOVE

Table 1: Landcover dataset requirements for all models within WP2.

EFT/PFT
datasets

used until

now

Forest
data

Forest
data

GLC2000,
LUCAS
LUC PFT
(tested)

EFT map
or
different
EFT/PFT
dataset
required?

EFT map

EFT map

PFT maps,

Continent
al scale:

built on
existing
datasets

Spatial
resolution

Min. ~
1km

1 hectare

Continent
al scale:

~10 km

Spatial
extent

entire
Europe

entire
Europe

Continent
al scale:

entire
Europe

Geogr.
projection

none,
WGCS84
(preferred)

none,
WGCS84
(preferred)

Rotated
coordinate
system

Temp.
resolution

At the
beginning
of
simulation

none

yearly

Temp.
extent

none

none

Continent
al scale:
1950 -
2100

Format

txt; .csv

if

.NC
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NMA
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RCM
REMO
2020-nh-
iIMOVE

RCM
RegCM5+
CLM4.5

LUCAS
LUC
(tested)

RCM
RegCM5+
CLM4.5

(LUCAS
LUC)

CSA: high-
resolution
data (eg.
LANDMAT
E PFT)
with
included
FMP

PFT maps,

Continent
al scale:

built on
existing
datasets

CSA: high-
resolution
data (eg.
LANDMAT
E PFT)
with

CSA: ~
0.0275° (~3
km)

Continent
al scale:

~10 km

CSA: ~
0.0275° (~3
km)

CSA:
Lower-
Saxony,
Arges and
Teleorman
county

Continent
al scale:

entire
Europe
Lambert

Conformal yearly

CSA: Arges
an
Teleorman
county

CSA: best
no time
constraint

Continent
al scale:
1950 -
2100

CSA: best
no time
constraint

.nc, .grib
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FMP
single'
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éj;gce E(S:A cCl EFT maps tive'
MOHC and PFT EFT map CSAs WGS84 period flexible .nc
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or yearly
time series
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2. Land cover data sets for Europe and CSAs

2.1. LANDMATE PFT dataset

The LAND surface modifications and its feedbacks on local and regional cliMATE
(LANDMATE) - plant functional type (PFT) dataset is a gridded, high-resolution dataset
created for regional climate modelling studies by Reinhart et al. (2022b). The LANDMATE
PFT dataset provides PFT maps for Europe for the period 1992-2015 in 0.1° (~10 km)
resolution and a PFT map for Europe for the year 2015 in 0.018° (~2 km) (Fig. 1). The dataset
was published by Reinhart et al. (2022a) and is freely available at the World Data Center
for Climate (WDCC) at the German Climate Computing Center (DKRZ):

https://doi.org/10.26050/WDCC/LM_PFT_EUR vi.1

The LANDMATE PFT dataset represents land use and land cover with 16 PFTs (Annex 1,
Fig. 1), of which six PFTs are related to tree distributions (Fig. 2): Tropical Broadleaf
Evergreen Tree, Tropical Broadleaf Deciduous Tree, Temperate Broadleaf Evergreen Tree,
Temperate Broadleaf Deciduous Tree, Coniferous Evergreen Tree, and Coniferous
Deciduous Tree. PFTs became a common concept in Earth System Modelling (Poulter et
al. 2015) as they group land use and land cover according to similar phenological and
physiological characteristics. The biophysical and biogeochemical characteristics of the
PFTs, which are often represented as a mosaic of the land tile of the model grid cell, affect
exchange processes between land and atmosphere.

The LANDMATE PFT dataset is based on the ESA CCl land cover dataset but extends it by
the consideration of climate information: 2 m mean temperature and precipitation data
derived from the observational datasets E-OBS (Cornes et al. 2018) and CRU (Harris et al.
2020). This climate data is used to define the Holdrige life zones (Holdrige, 1967), a
commonly used method for ecosystem classification (Wilhelm et al. 2014, Zeng et al,
2002). The LANDMATE PFT dataset was generated by combining the satellite-based land
cover data from ESA CCIl with the Holdridge life zones derived from the climate data,
using regridding methods and cross-walking procedures. The quality of the LANDMATE
PFT dataset was evaluated against ground truth data from GT-SUR. In addition, the map
of 2015 was also compared to the ESA Poulter map 2015 (Reinhart et al. 2021).

The evaluation and comparison showed good quality of LANDMATE PFTs particularly for
the tree PFTs, which makes it suitable for its use within OptFor-EU (Reinhart et al. 2022b).
Further, the LANDMATE PFT dataset is the basis for the LUCAS LUC dataset, which is also
used by both RCMs in WP2 in OptFor-EU.

16
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Figure 1: Spatial distribution of dominant PFT classes in the LANDMATE PFT map 2015 at 0.018° (~2
km) horizontal resolution.
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Figure 2: Spatial distribution of tree PFTs in the LANDMATE PFT map of 2015 at 0.018° (~2 km)
horizontal resolution.

2.2. LUCAS LUC dataset

Based on the LANDMATE PFT map of 2015, the land use land cover change dataset LUCAS
LUC was developed by Hoffmann et al. (2023). This dataset retains the same PFT
definitions but extends it by including data for the PFT “cropland irrigated”. In addition,
LUCAS LUC extends the LANDMATE PFT dataset by a long-term temporal dimension,
accounting for annual land use and land cover changes (LULCC) for the historical period
1950-2015, as well as for different land use change scenarios projected until 2100. These
annual LULCC were generated based on information on land use transitions from the
Land-Use Harmonization 2 (LUH2) dataset (Hurtt et al., 2020), which was developed as a
global dataset for historical and future land use scenarios within the World Climate
Research Program (WCRP) Coupled Model Intercomparison Project (CMIP). Using the
land cover of 2015 from the LANDMATE PFT dataset at 0.1° horizontal resolution, land use
transitions were translated to annual changes of PFT fractions, which are calculated
backwards in time to 1950 (historical, Hoffmann et al., 2022b) as well as forwards in time
to 2100 for various SSP scenarios (future, Hoffmann et al., 2022a) employing a newly
developed land use translator by Hoffmann et al. (2023). In LUCAS LUC, tree cover is given
special attention. The development of European tree PFTs from 1950 - 2010 is based on
the dataset from McGrath et al. (2015).

18
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The procedure generated annual LULC maps on 0.1° horizontal resolution tailored to the
requirements of the regional climate modelling community. For the European continent,
the LUCAS LUC dataset was compared to multiple LULCC datasets. More details of the
development and the uncertainties of LUCAS LUC are given in Hoffmann et al. (2023). The
datasets were published by Hoffmann et al. (20223, b) and are open access, available at
the WDCC at DKRZ:

LUCAS LUC historical land use and land cover change dataset for Europe (Version 1.1) at
WDCC at DKRZ: https://doi.org/10.26050/WDCC/LUC_hist_EU_v1.]

LUCAS LUC future land use and land cover change dataset for Europe (Version 1.1) at
WDCC at DKRZ: https://doi.org/10.26050/WDCC/LUC_future_EU_v1.]

By representing transient LULCC at comparatively high resolution, LUCAS LUC addresses
the need to consider transient LULCC in regional climate modelling studies. LUCAS LUC
became an established dataset in the regional climate modelling community by its use
in the WCRP Coordinated Downscaling Experiment (CORDEX) Flagship Pilot Study (FPS)
Land Use and Climate Across Scales (LUCAS, Rechid et al. 2017).

Within OptFor-EU, we employ the LUCAS LUC dataset for Europe-wide simulations,
which cover all CSAs, for the historical period as well as for future scenarios. As LUCAS LUC
includes changes in forest cover (Fig. 3 - Fig. 5), it allows for the investigation of the effects
of afforestation and deforestation on regional climate. For the future scenario, we selected
the SSP126, which not only considers the strongest afforestation assumptions (Hurtt et al.
2020, van Vuuren et al. 2017), but we also expect a distinct signal from LULCC to
atmospheric processes, which is not overlaid by strong greenhouse gas forcings as in
scenarios with higher greenhouse gas concentrations.
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Figure 3: Development of tree PFTs and aggregated tree types in LUCAS LUC in grid cells of 0.1°
horizontal resolution averaged over the European continent for the historical period (1950 — 2015)
and the future scenario SSP126 (2015 - 2100). PFT1, PFT2, PFT6 are overlaying each other due to
their negligible extent in Europe.

20

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data



OptFor-EuU

1 - Tropical broadleaf evergreen trees

a) 1950 b) 2015 S difference*
Mean: 0.039 Mean: 0.039 Mean: nan

N

- Tropical deciduous trees

d) 1950 e 2015 f difference*
Mean: nan Mean: nan

difference*

Mean: 0.009
1.0
0.3
0.9
0.8 0.2
0.7 -
4 - Temperate deciduous trees = o1z
K 069 [
) difference* o b}
Mean: 0.005 ;3 &
= 052 0.0 %
o o
c
5 S
0435 ©
3 ©
£ 0.1
0.3 S
0.2 -0.2
0.1
5 - Evergreen coniferous trees 0.3
m) 1950 n 2015 o) difference* 0.0

Mean: 0.207 Mean: -0.037

6 - Deciduous coniferous trees

Q) 2015 " difference*
Mean: 0.032 Mean: -0.02

Figure 4: Spatial distribution of tree PFTs in LUCAS LUC at 0.1° horizontal resolution. Comparison of
the spatial distribution in 1950 (first column) and 2015 (second column) and its difference (third
column). *difference = distribution of 1950 - distribution of 2015.
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Figure 5: Spatial distribution of tree PFTs in LUCAS LUC at 0.1° horizontal resolution. Comparison of
the spatial distribution in 2015 (first column) and 2100 (second column) and its difference (third
column). *difference = distribution of 2100 - distribution of 2015.
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2.3. EFT dataset

The EFT dataset created for D1.1 Gridded dataset of European Forest Types (Gianetti &
Zorzi, 2023) is a gridded, high-resolution dataset, describing the distribution of 14 forest
tree species in Europe at 100 m horizontal resolution (Fig. 6). It considers information on
biogeographic regions, bioclimate, natural vegetation, water, soil wetness, and the
orography. In order to create this dataset, the procedure from Gianetti et al. (2018), was
extended to include additional datasets on river catchments and forest types from the
EEA. This dataset is a static dataset, involving maps from the year 2017. It focuses on
providing a detailed, consistent representation of forest types. However, it does not
incorporate temporal changes for the past period nor for future scenarios. Further
information on its development can be found in D1.1 Gridded dataset of European Forest
Types (Gianetti & Zorzi, 2023).

1 - Boreal Forest

2 - Hemiboreal and nemoral coniferous and
mixed broadleaved-coniferous forest

- Alpine forest

- Acidophilus oak and oak-birch forest
- Mesophytic deciduous forest

- Beech forest

- Mountainous beech forest

- Thermophilous deciduous forest

9 - Broadleaved evergreen forest

10 - Coniferous forest of the Mediterranean,
Anatolian and Macaronesian regions

11 - Mirne and swamp forest

12 - Floodplain forest

13 - Non-riverine alder, birch or aspen forest
14 - Introduced tree species forest

0NV W

50°N

Figure 6: Spatial distribution of EFTs at 100 m horizontal resolution.
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2.4. Comparison of LANDMATE PFT and EFT
datasets

All three datasets, LANDMATE PFT dataset, LUCAS LUC, and the EFT dataset show
different levels of detail in representing the spatial distribution of forests and trees. In the
following, we compare the LANDMATE PFT map 2015 on 0.018° and the EFT dataset to
estimate the differences in the spatial distribution of forest and tree classes within each
dataset. For comparing purposes, we also include the ESA CCl PFT dataset from Harper
et al. (2023). In the comparison procedure, we first aggregate and interpolate the EFT
dataset and the ESA CCI PFT dataset to 0.018°, which is the coarsest resolution of all three
datasets and the original resolution of the LANDMATE PFT dataset. Secondly, we classify
broadleaved and coniferous trees in each dataset according to Table 2 and analyse the
aggregated data in two selected CSAs, CSA 4 (Eastern Lowlands in Lower Saxony,
Germany, Fig. 7) and CSA 6 (Arges and Teleorman counties, Romania, Fig. 8).

Table 2: Classification and aggregation of the different tree and forest classes in the three datasets
EFT dataset, LANDMATE PFT dataset and ESA CCl dataset.

LANDMATE dataset ESA CCI EFT dataset
Orlglna.l 0.018° (~ 1 km) 300 m 100 m
resolution
Class broadleaved broadleaved broadleaved

aggregation

24

1- Tropical
broadleaved
evergreen trees

2 - Tropical deciduous
trees

3 - Temperate
broadleaved
evergreen trees

4 - Temperate
deciduous trees

Broadleaved
deciduous trees
(TREES-BD)

Broadleaved
evergreen trees
(TREES-BE)

4 - Acidophilus oak
and oak-birch forest

5 - Mesophytic
deciduous forest

6 - Beech forest

7 - Mountainous
beech forest

8 - Thermophilous
deciduous forest

9 - Broadleaved
evergreen forest
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coniferous

5 - Evergreen
coniferous trees

6 - Deciduous
coniferous trees

mixed

coniferous

Needleleaved
evergreen shrubs
(TREES-ND)

Needleleaved
evergreen trees
(TREES-NE)

mixed

1 - Mire and swamp
forest

12 - Floodplain forest
13 - Non-riverine alder,
birch or aspen forest
coniferous

1- Boreal Forest

2 - Hemiboreal and
nemoral coniferous
and mixed
broadleaved-
coniferous forest

3 - Alpine forest

10 - Coniferous forest
of the Mediterranean,
Anatolian and
Macaronesian regions

mixed

14 - Introduced tree
species forest

Figure 7 shows the spatial distribution of broadleaved (a-c) and coniferous trees (d-f) in
CSA4 (Eastern Lowlands of Lower Saxony). For CSA4, forests and trees are concentrated
on the eastern part of Lower Saxony. Broadleaved trees are mainly found in south-east
(Fig. 7a-c), whereas coniferous trees are mainly found in north-east of the analysis region,
namely the Eastern Lowlands of Lower Saxony (Fig. 7d-f).
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Figure 7: Spatial distribution of aggregated broadleaved (a - c) and coniferous (d - f) trees from the
PFTs and EFTs datasets. Data is shown as fraction of grid cells with 0.018° horizontal resolution for
CSA4 (Eastern lowlands of Lower Saxony, red outline).

The forests of Lower Saxony cover about 25% of the state's land area, totalling around 1.2
million hectares (NMELV, 2024). These forests are spread across three main regions: the
Eastern Lowlands around 430,000 hectares, the Lower Saxony Uplands, and the Western
Lowlands with each less than 400,000 hectares. In Lower Saxony, approximately 30% of
the forest area consists of broadleaf forests, 21% is coniferous forests, and mixed forests
make up about 49% of the total forested area. The most commmon coniferous species are
Scots pine (Pinus sylvestris, 29%) and Norway spruce (Picea abies, 12%). Most common
broadleaved species are European beech (Fagus sylvatica, 14%) and oak (Quercus spp.,
13%). Conifer-dominated forests are common in the sandy, less fertile soils of the Eastern
Lowlands. In contrast, the Lower Saxony Uplands, including the Harz Mountains and
Solling, have more diverse forests with a higher presence of broadleaved species. Recent
trends show a shift towards mixed forest structures.

Recent studies using remote sensing and machine learning have enhanced our
understanding of tree species distribution across Germany. Welle et al. (2022) used
Sentinel-2 time series data to map dominant tree species, highlighting the effectiveness
of these methods for regional forest assessments. Similarly, Blickensdorfer et al. (2024)
combined Sentinel-1and Sentinel-2 data with National Forest Inventory (NFI) datasets to
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map 11 tree species classes, considering mixed-species stands and environmental
gradients. A comparison with the mapping of dominant tree species by Welle et al. (2022)
aligns well with the distribution patterns presented in Figure 7 for Lower Saxony.

In CSAG (Fig. 8) broadleaved trees are the dominant class (Fig. 8a-c). Coniferous trees (Fig.
8d - f) are located mainly in the north of the CSA, in the Carpathian Mountains. The Vata
area in the Arges Region of Romania is home to a diverse range of forest tree species,
reflecting the region's varied ecological conditions. Coniferous species such as Norway
spruce are prevalent in the higher altitudes of the Carpathian Mountains, thriving in
cooler, moist conditions (Garcia-Duro et al,, 2021; Bonannella et al., 2022). Silver fir (Abies
alba) is also common in these areas, often found alongside Norway spruce (Garcia-Duro
et al., 2021). Broadleaved species are well-represented, with European beech dominating
the lower and mid-altitude forests (San-Miguel-Ayanz et al.,, 2016). Sessile oak (Quercus
petraeqa) and pedunculate oak (Quercus robur) are prevalent in the lower altitudes and
valleys, benefiting from the warmer and drier conditions (Garcia-Duro et al.,, 2021;

Bonannella et al., 2022).

ESA CCI

Figure 8: Same as Figure 7. Spatial distribution of aggregated broadleaved (a - ¢) and coniferous (d
- f) trees from the PFTs and EFTs datasets. Data is shown as fraction of grid cells with 0.018°
horizontal resolution for CSA 6 (Arges and Teleorman county, red outline)
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In general, all three datasets show the same patterns of the distribution of the tree classes.
However, the LANDMATE PFT dataset shows in general the lowest tree fraction, whereas
the EFT dataset shows the highest tree fractions for broadleaved and coniferous trees
(Fig.9). Furthermore, the LANDMATE PFT dataset and the EFT dataset show low fractions
all over Lower Saxony, whereas the ESA CCIl dataset doesn’'t show any tree distribution.
The differences in the datasets appear mainly due to different classification and

definitions of land cover.

In general, the datasets show good agreement. We selected the high-resolution
LANDMATE PFT map for 2015 at 0.018° horizontal resolution as the basis for implementing
the FMP thinning. With the high-resolution, the PFT concept and the consideration of

climatic zones, it is a suitable dataset for regional climate modelling studies.

Figure 9: Difference between the spatial distribution of broadleaved (a and c) and coniferous trees
(b and d) in the LANDMATE PFT and the EFT dataset shown as fraction of grid cells with 0.018°
horizontal resolution for CSA4 (Eastern lowlands of Lower Saxony) (a and b) and CSA6 (Arges and
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3. Including FMP in landcover dataset

3.1. European high-resolution landcover
dataset

As the first step in implementing FMPs in the LANDMATE PFT dataset that can be used
by RCMs, we interpolate the LANDMATE PFT map 2015 to the model grid. We plan to do
high-resolution simulations on convection-permitting scale at 0.0275° horizontal
resolution. On convection-permitting scales convective processes are resolved, whereas
on coarser scales (> 4 km) they must be parameterized and are one major source of
uncertainties in regional climate model simulations (Kendon et al. 2021). We interpolate
the LANDMATE PFT dataset from its original 0.018° horizontal resolution to 0.0275° using
the conservative interpolation method. Conservative interpolation preserves the sum of
the quantities of the dataset and does not add new values. It is a suitable method for
interpolating discontinuous variables such as landcover fractions or precipitation.
Further, our regional climate models use a rotated coordinate system. Rotated coordinate
systems have the advantage of equally sized grid cells, which simplifies equations.
Together with the interpolation of the LANDMATE PFT dataset to 0.0275° horizontal
resolution, we rotate the coordinate system.

The result for the six tree PFTs is shown in Figure 10. The distribution of all PFTs can be
found in Annex1, Figure 2. The spatial distribution of the tree fractions shows that Europe’s
tree distribution is mainly defined by temperate deciduous trees (Fig. 10d) and evergreen
coniferous trees (Fig. 10e). Evergreen coniferous trees are widely spread in Northern
Europe. Temperate broadleaved trees and evergreen trees are present with very low
fractions in Southern Europe (Fig. 10c). Deciduous coniferous trees are found exclusively
in Siberia, while tropical tree PFTs don't play a role in Europe.
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Figure 10: Spatial distribution of tree PFTS in LANDMATE PFT 2015 dataset interpolated to 0.0275°
for the entire European continent.

3.2. Representing FMP in regional climate
modelling

In accordance with D2.2 Report on new Forest Management Practices (FMP) in forest
models and implications for land cover change parametrisation in climate models
(Neumann et al. 2024b) and the forest model simulations, we selected thinning as FMP
to implement in our regional climate model simulations. Thinning of forest stands is a
critical silvicultural practice involving the selective removal of trees to reduce competition
for resources among the remaining trees, thereby enhancing their growth and vitality
(Forest Research, 2011). By decreasing tree density, thinning improves access to light,
water, and nutrients, which can result in increased growth rates and improved tree health
(Forest Research, 2011). Additionally, it can help mitigating wildfire risks by reducing fuel
loads, thereby influencing fire behaviour and protecting forest ecosystems (Moreau et al,,
2022). Thinning can help shaping desired stand structures and compositions, which are
often key objectives in sustainable forest management (Forest Research, 20T11).
Furthermore, thinning plays a crucial role in supporting forest resilience to climate
change by fostering the development of robust and diverse tree species that are better
equipped to withstand environmental stresses (Ganatsas et al,, 2024). However, thinning
can also have drawbacks. For instance, it may increase the risk of windthrow, where trees
are uprooted by strong winds, as previously sheltered trees become more exposed (del
Rio et al. 2017). It can also disrupt soil and water systems, potentially leading to soil erosion
or compaction, and changes in water quality (Moreau et al,, 2022). Moreover, thinning
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operations can affect sensitive habitats and species, requiring careful consideration of
biodiversity impacts.

Thinning also influences the local microclimate by altering forest structure. It increases
light penetration and air movement within the forest, raising soil and air temperatures
while reducing humidity (Menge et al., 2023). Thinning can increase the surface albedo of
forest stands, with effects being more pronounced in broadleaved stands compared to
coniferous ones (Otto et al, 2014). Additionally, thinning may enhance carbon
sequestration by promoting the growth of remaining trees, which absorb more carbon
dioxide (Ganatsas et al., 2024), although this effect is not always consistent (Mund et al,,
2002). Accordingly, thinning requires careful, adaptive management to balance its
ecological benefits with socio-economic and environmental risks.

Thinning results in a less dense forest. In a land cover dataset with PFT fractions, thinning
can be represented by decreasing the tree PFT fractions and increasing the grass PFT
fraction (D2.2, Neumann et al. 2024b). By changing the tree-grass proportion in a model
grid cell, the land surface properties are directly affected. In an RCM, land surface
properties such as albedo and LAl are averaged for the land tile of a grid cell with respect
to their fraction and seen as aggregated value by the atmosphere. Surface roughness,
another land surface property, is aggregated using the blending height concept
(Claussen et al., 1991). These direct modifications of the land surface characteristics affect
atmospheric conditions by land-atmosphere interactions, changing for example
evapotranspiration, near-surface temperature and the humidity profile, which are
important climate regulation variables (D1.2, Linser et al, in prep.). More details on the
effects and feedbacks of thinning can be found in D22 Report on new Forest
Management Practices (FMP) in forest models and implications for land cover change
parametrisation in climate models (Neumann et al. 2024b).

In order to represent thinning in a land cover dataset suitable for RCMs, thinning
characteristics need to be adapted to the land surface representation in RCMs. The
driving characteristics are the thinning intensity and its frequency. D2.1 Report on the
FMP and their relevance in different CSA (Neumann et al. 2024a) and D2.2 Report on new
Forest Management Practices (FMP) in forest models and implications for land cover
change parametrisation in climate models (Neumann et al. 2024b) show that the
intensity varies with the tree type, tree age and the region. However, in our RCMs
REMO2020-iIMOVE and RegCM5+CLM4.5, trees are represented as PFTs. Therefore, for
aligning the RCM experiments with the forest model experiments, the EFTs must be
translated to PFTs from the LANDMATE dataset, with multiple EFTs falling in one PFT
class (Tab. 3). The LANDMATE dataset shows that the European tree distribution is mainly
defined by temperate deciduous trees (Fig. 10d) and evergreen coniferous trees (Fig. 10e).
Furthermore, there is no tree age representation in our RCMs, which allows only one

3]

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data



OptFor-EU

mean intensity for each PFT. In regional climate modelling, it is possible to implement
thinning with business-as-usual (BAU) thinning intensities as well as to follow extreme
thinning scenarios as new alternative forest management (AFM) with higher thinning
intensities, which are expected to show distinct thinning effects and feedbacks. One way
of addressing the thinning frequency is to prescribe an already thinned forest in the land
cover dataset to the RCMs enabling the comparison to not thinned forest using the

regular dataset.

Table 3: Allocation of EFTs to LANDMATE PFTs.

LANDMATE PFT

1- Tropical broadleaved evergreen trees

2 - Tropical deciduous trees

EFT

3 - Temperate broadleaved evergreen 9 - Broadleaved evergreen forest

trees

4 - Temperate deciduous trees

5 - Evergreen coniferous trees
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4 - Acidophilus oak and oak-birch forest

5 - Mesophytic deciduous forest

6 - Beech forest

7 - Mountainous beech forest

8 - Thermophilous deciduous forest

11 - Mire and swamp forest

12 - Floodplain forest

13 - Non-riverine alder, birch or aspen forest

14 - Introduced tree species forest

1- Boreal Forest

2 - Hemiboreal and nemoral coniferous and
mixed broadleaved-coniferous forest

3 - Alpine forest

10 - Coniferous forest of the Mediterranean,
Anatolian and Macaronesian regions
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6 - Deciduous coniferous trees -

3.3. FMP in selected CSAs

We selected the thinning procedures from BAU in D22 Report on new Forest
Management Practices (FMP) in forest models and implications for land cover change
parametrisation in climate models (Neumann et al. 2024b) (FM1 - FM3) and averaged the
thinning intensities from FM1-FM3, assuming uniformly distributed age classes, as RCMs
typically cannot account for tree age. The averaging resulted in a thinning intensity of
14.8%. Consequently, we applied a thinning intensity of 15% to the tree PFTs in the
LANDMATE PFT dataset. For a better comparison of the effects and feedback caused by
thinning, we apply the same thinning intensity to all tree PFTs in the LANDMATE PFT
dataset across different regions. The tree PFT fraction of each grid cell is decreased, while
the C3 grass fraction is increased by the same factor, as C4 grass plays a rather negligible
role in the LANDMATE PFT dataset for Europe (Fig. 11, Fig. 12). The results are shown in
Figures 11 and 12. These changes in proportions will be prescribed to the RCMs in order to
investigate their influence on land-atmosphere exchange processes and quantify the
effects on atmospheric variables.

In addition to the dataset for the two CSAs, which uses a rotated coordinate system, we
address the issue of varying coordinate systems across different RCMs (Tab.l) by
developing and publishing the source code for the dataset creation (Pop et al. 2024). The
code can be adapted to any target coordinate system and extended for additional CSAs.
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Figure 11: Spatial distribution of affected PFTs by thinning (15%) in the LANDMATE dataset for the
model domain covering CSA4 (Eastern Lowlands of Lower Saxony). Panels a-c) show the original
data, d-f) display the data after applying the thinning procedure (new dataset), and g-i) illustrate
the differences between the original dataset and the thinning procedures. Data is interpolated to
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0.0275° and rotated to the target model grid.
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Figure 12: Spatial distribution of affected PFTs by thinning (15%) in the LANDMATE dataset for the
model domain covering CSAG6 (Arges and Teleorman county). Panels a-c) show the original data, d-
f) display the data after applying the thinning procedure (new dataset), and g-i) illustrate the
differences between the original dataset and the thinning procedures. Data is interpolated to
0.0275° and rotated to the target model grid.

35

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data



OptFor-EU

4. Summary and outlook

The different model approaches within OptFor-EU are associated with different
requirements on the representation of land cover (Tab. 1). The two RCMs, REMO2020-
iIMOVE and RegCM5+CLM4.5, conduct coordinated simulations. The first set of RCM
simulations is conducted for the European continent covering all CSAs and using the new
dataset LUCAS LUC developed by Hoffmann et al. 2023. These experiments include
transient LULCC at 0.11° horizontal resolution. After evaluation experiments, which assess
the uncertainty of our models using reanalysis forcing, we conduct experiments for the
historical period (1950 — 2014) and for the SSP126 scenario (2015 - 2100) implying strong
afforestation.

In order to represent the FMP thinning, we will conduct a second set of RCM simulations
for selected CSAs on convection-permitting scale at 0.0275° (~3 km) horizontal resolution.
For this set of simulations, a high-resolution dataset with an implemented thinning
procedure had to be developed. In this deliverable we describe the development of a new
land cover dataset that includes thinning for both selected CSAs: CSA4 (Eastern Lowlands
in Lower Saxony) and CSAG6 (Arges and Teleorman county). We use the LANDMATE
dataset at 0.018° horizontal resolution as basis and, as first step, interpolated it to our
target resolution of 0.0275°. As second step, we implemented thinning with a changed
tree-grass-proportion in the grid cells. We take advantage of the different model
approaches in OptFor-EU and link our assumptions to the experiments conducted by the
forest models in D22 Report on new Forest Management Practices (FMP) in forest
models and implications for land cover change parametrisation in climate models
(Neumann et al. 2024b) under the BAU procedures. The dataset is publicly available for
the two selected CSAs. For addressing different coordinate systems or additional CSAs,
the source code for the dataset creation is published with the data (Pop et al. 2024).

The new data will be implemented in both RCMs and simulations for both CSAs will be
performed with and without the FMP thinning. The effects of changes in forest-grass
proportions on land surface characteristics and land-atmosphere exchange processes
will be examined, along with further impacts and feedback on the atmosphere and
climatic patterns. Here, we will focus mainly on regional climate regulating variables
selected in D1.2 Report on a novel set of Essential Forest Mitigation Indicators (EFMIs),
including indicator factsheets with open-access code (Linser et al., in prep.):

e Temperature
e Precipitation
e Soil moisture
e Evapotranspiration
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« Water vapour content
e Runoff
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5. Code and data availability

The LANDMATE PFT dataset can be freely downloaded from the WDCC at the German
Computing Center DKRZ under https://doi.org/10.26050/WDCC/LM_PFT_EUR_V1.1

The LUCAS LUC dataset can be downloaded fromm WDCC under
https://doi.org/10.26050/WDCC/LUC_future_EU_v11 for future time period, and under
https://doi.org/10.26050/WDCC/LUC_hist_EU_V1.1 for the historical period.

The EFT dataset is available as D1.1 within the OptFor-EU project.

The dataset with the implement FMP as well as the code for its generation is published
on Zenodo under https://doi.org/10.5281/zenodo.14450424.

38

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://doi.org/10.26050/WDCC/LM_PFT_EUR_v1.1
https://doi.org/10.26050/WDCC/LUC_future_EU_v1.1
https://doi.org/10.26050/WDCC/LUC_hist_EU_v1.1
https://doi.org/10.5281/zenodo.14450424

OptFor-EU

REFERENCES

Blickensdorfer, L., Oehmichen, K, Pflugmacher, D., Kleinschmit, B., & Hostert, P. (2024).
National tree species mapping using Sentinel-1/2 time series and German National Forest
Inventory data. Remote Sensing of Environment, 289, 1140609.
https://doi.org/10.1016/j.rse.2024.114069

Bonannella, C, Hengl, T., Heisig, J.,, Parente, L, Wright, M. N., Herold, M., & de Bruin, S.
(2022). Forest tree species distribution for Europe 2000-2020: mapping potential and
realized distributions using spatiotemporal machine learning. Peerd, 10, el3728.
https://doi.org/10.7717/peerj.13728

Claussen, M. (1991). Estimation of areally-averaged surface fluxes. Boundary-Layer
Meteorology, 54(4), 387-410.

Cornes, R, van der Schrier, G., van den Besselaar, E.J.M., and Jones, P.D.: An Ensemble
Version of the E-OBS Temperature and Precipitation Datasets, J. Geophys. Res. Atmos,,
123. doi:10.1029/20173D028200, 2018.

Fosser, G., Khodayar, S. & Berg, P. Benefit of convection permitting climate model
simulations in the representation of convective precipitation. Clim Dyn 44, 45-60 (2015).
https://doi.org/10.1007/s00382-014-2242-1

Forest Research. (2011). Thinning Practice - A Silvicultural Guide
https://cdn.forestresearch.gov.uk/2011/01/silviculture_thinning_guide vl jan201l.pdf (last
access 27 November 2024).

Ganatsas, P., Tsakaldimi, M., Karydopoulos, T., Papaemannuil, A, & Papadopoulos, S. (2024).
Long-term effect of different forest thinning intensity on carbon sequestration rates and
potential uses in climate change mitigation actions. Mitigation and Adaptation
Strategies for Global Change, 29, 3. https://doi.org/10.1007/s11027-023-10102-4

Garcia-Duro, J., Ciceu, A, Chivulescu, S., Badea, O., Tanase, M. A, & Aponte, C. (2021). Shifts
in Forest Species Composition and Abundance under Climate Change Scenarios in
Southern Carpathian Romanian Temperate Forests. Forests, 12(11), 1434.
https://doi.org/10.3390/f12111434

39

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://doi.org/10.7717/peerj.13728
https://doi.org/10.7717/peerj.13728
https://cdn.forestresearch.gov.uk/2011/01/silviculture_thinning_guide_v1_jan2011.pdf
https://cdn.forestresearch.gov.uk/2011/01/silviculture_thinning_guide_v1_jan2011.pdf
https://doi.org/10.1007/s11027-023-10102-4
https://doi.org/10.1007/s11027-023-10102-4
https://doi.org/10.3390/f12111434

OptFor-EU

Giannetti, F., Barbati, A.,, Mancini, L.D., Travaglini, D., BastrupBirk, A., Canullo, R., Nocentini,
S., Chirici, G. (2018). European Forest Types: toward an automated classification. Ann. For.
Sci. 75. https://doi.org/10.1007/s13595-017-0674-6.

Giannetti, F., Zorzi, |. (2023). Gridded dataset of European Forest Types. Deliverable D1.1
OptFor-EU project 1-90. Available at: https://optforeu.eu/wp-
content/uploads/2023/07/OptFor-EU_D1.1_Gridded-Dataset-of-EFT_rda.pdf

Harper, K. L, Lamarche, C., Hartley, A, Peylin, P., Ottlé, C., Bastrikov, V., San Martin, R,
Bohnenstengel, S. |, Kirches, G, Boettcher, M., Shevchuk, R., Brockmann, C., and Defourny,
P.: A29-year time series of annual 300 m resolution plant-functional-type maps for climate
models, Earth Syst. Sci. Data, 15, 1465-1499, https://doi.org/10.5194/essd-15-1465-2023, 2023.

Harris I, Osborn TJ,Jones P and Lister D.: Version 4 of the CRU TS Monthly High-Resolution
Gridded Multivariate Climate Dataset. Sci Data 7,109 (2020). https://doi.org/10.1038/s41597-
020-0453-3, 2020.

Hoffmann, P., Reinhart, V., and Rechid, D.. LUCAS LUC future land use and land cover
change dataset for Europe (Version 1.1), World Data Center for Climate (WDCC) at DKRZ
[data set], https://doi.org/10.26050/WDCC/LUC_future_EU_v1.1, 2022a.

Hoffmann, P., Reinhart, V., and Rechid, D.: LUCAS LUC historical land use and land cover
change dataset for Europe (Version 1.1), World Data Center for Climate (WDCC) at DKRZ
[data set], https://doi.org/10.26050/WDCC/LUC_hist_EU_v1.1, 2022b

Hoffmann, P., Reinhart, V., Rechid, D., de Noblet-Ducoudré, N., Davin, E. L., Asmus, C,
Bechtel, B., Bdhner, J., Katragkou, E., and Luyssaert, S.: High-resolution land use and land
cover dataset for regional climate modelling: historical and future changes in Europe,
Earth Syst. Sci. Data, 15, 3819-3852, https://doi.org/10.5194/essd-15-3819-2023, 2023.

Holdridge, L. R.: Life zone ecology, Life zone ecology, Tropical Science Center, 1967.

Hurtt, G. C, Chini, L, Sahajpal, R, Frolking, S., Bodirsky, B. L., Calvin, K., Doelman, J. C,, Fisk,
J., Fujimori, S, Klein Goldewijk, K., Hasegawa, T., Havlik, P., Heinimann, A,, Humpendder, F.,
Jungclaus, J., Kaplan, J. O.,, Kennedy, J., Krisztin, T., Lawrence, D., Lawrence, P, Mg, L., Mertz,
O., Pongratz, J., Popp, A., Poulter, B., Riahi, K, Shevliakova, E., Stehfest, E., Thornton, P,
Tubiello, F. N,, van Vuuren, D. P., and Zhang, X.: Harmonization of global land use change
and management for the period 850-2100 (LUH?2) for CMIP6, Geosci. Model Dev., 13, 5425-
5464, https://doi.org/10.5194/gmd-13-5425-2020, 2020.

40

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://doi.org/10.1007/s13595-017-0674-6
https://optforeu.eu/wp-content/uploads/2023/07/OptFor-EU_D1.1_Gridded-Dataset-of-EFT_rda.pdf
https://optforeu.eu/wp-content/uploads/2023/07/OptFor-EU_D1.1_Gridded-Dataset-of-EFT_rda.pdf
https://doi.org/10.1038/s41597-020-0453-3,
https://doi.org/10.1038/s41597-020-0453-3,
https://doi.org/10.26050/WDCC/LUC_future_EU_v1.1
https://doi.org/10.26050/WDCC/LUC_hist_EU_v1.1

OptFor-EU

Kendon EJ, Prein AF, Senior CA, Stirling A. Challenges and outlook for convection-
permitting climate modelling. Philos Trans A Math Phys Eng Sci. 2021 Apr
19;379(2195):20190547. doi: 10.1098/rsta.2019.0547. Epub 2021 Mar 1. PMID: 33641460.

McGrath, M. J,, Luyssaert, S., Meyfroidt, P., Kaplan, J. O., Burgi, M., Chen, Y., Erb, K., Gimmi,
U., Mclnerney, D., Naudts, K., Otto, J., Pasztor, F., Ryder, J., Schelhaas, M.-J., and Valade, A.
Reconstructing European forest management from 1600 to 2010, Biogeosciences, 12,
4291-4316, https://doi.org/10.5194/bg-12-4291-2015, 2015.

Menge, J. H., Magdon, P. Wollauer, S, & Ehbrecht, M. (2023). Impacts of forest
management on stand and landscape-level microclimate heterogeneity of European
beech forests. Landscape Ecology, 38, 903-917. https://doi.org/10.1007/s10980-023-01596-
z

Moreau, G., Chagnon, C., Achim, A, Caspersen, J., D'Orangeville, L., Sdnchez-Pinillos, M., &
Thiffault, N. (2022). Opportunities and limitations of thinning to increase resistance and
resilience of trees and forests to global change. Forestry: An International Journal of
Forest Research, 95(5), 595-615. https://doi.org/10.1093/forestry/cpac010

Mund, M., Kummetz, E., Hein, M., Bauer, G. A, & Schulze, E. D. (2002). Growth and carbon
stocks of a spruce forest chronosequence in central Europe. Forest Ecology and
Management, 171(3), 275-296.

Neumann, M., Anand, J., Collalti, A, Dalmonech, D., Giannetti, F., Grieco, E., Guillo, R. B,
Inacio, M., Johannessen, M. R,, Julian, F., Knutzen, F., Memon, M., Morichetti, M., Pereira, P.,
Pichler, J,, Radu, R. G., Spiegelhalder, M. R., Vangi, E., Zorzi, |. (2024a): Forest Management
Practices and their relevance in case study areas. Deliverable 2.1 OptFor-EU project. 1 - 39.
Available at https://optforeu.eu/wp-content/uploads/2024/02/OptFor-EU_D2.1_FMP-and-
their-relevance-in-CSA.pdf.

Neumann, M., Pichler, J., Collalti, A., Dalmonech, D., Grieco, E., Vangi, E., Morichetti , M,,
Rechid, D., Pop, C., Caian, M., Williams, K. (2024b): Report on new FMP in forest models
and implications for land cover change parameterisation in climate models. Deliverable
2.2 OptFor-EU project.

NMELV. Zahlenspiegel Wald in Niedersachsen:
https://www.ml.niedersachsen.de/download/151289/Zahlenspiegel_Wald_in_Niedersachs
en_Stand_11_2024.pdf (last access: 11 December 2024), 2024.

41

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://doi.org/10.5194/bg-12-4291-2015
https://doi.org/10.1007/s10980-023-01596-z
https://doi.org/10.1007/s10980-023-01596-z
https://doi.org/10.1007/s10980-023-01596-z
https://doi.org/10.1093/forestry/cpac010
https://doi.org/10.1093/forestry/cpac010
https://optforeu.eu/wp-content/uploads/2024/02/OptFor-EU_D2.1_FMP-and-their-relevance-in-CSA.pdf.
https://optforeu.eu/wp-content/uploads/2024/02/OptFor-EU_D2.1_FMP-and-their-relevance-in-CSA.pdf.
https://www.ml.niedersachsen.de/download/151289/Zahlenspiegel_Wald_in_Niedersachsen_Stand_11_2024.pdf
https://www.ml.niedersachsen.de/download/151289/Zahlenspiegel_Wald_in_Niedersachsen_Stand_11_2024.pdf

OptFor-EU

Otto, J,, Berveiller, D., Bréon, F. M., Delpierre, N., Geppert, G., Granier, A, .. & Bouriaud, O.
(2014). Forest summer albedo is sensitive to species and thinning: how should we account
for this in Earth system models?. Biogeosciences, 11(8), 2411-2427.

Rechid, D., Davin, E., de Noblet-Ducoudré, N., and Katragkou, E. (2017) CORDEX Flagship
Pilot Study LUCAS - Land Use & Climate Across Scales — a new initiative on coordinated
regional land use change and climate experiments for Europe, in: 19th EGU General
Assembly, EGU2017, Vienna, Austria, 23-28 April 2017,19, p. 13172.

Reinhart, V., Hoffmann, P., and Rechid, D.. LANDMATE PFT land cover dataset for Europe
1992-2015 (Version 1.1), World Data Center for Climate (WDCC) at DKRZ [data set],
https://doi.org/10.26050/WDCC/LM_PFT_EUR_v1.1, 2022a.

Reinhart, V., Hoffmann, P., Rechid, D., Bohner, J., and Bechtel, B.: High-resolution land use
and land cover dataset for regional climate modelling: a plant functional type map for
Europe 2015, Earth Syst. Sci. Data, 14, 1735-1794, https://doi.org/10.5194/essd-14-1735-2022,
2022b.

del Rio Gaztelurrutia, M., Oviedo, J. A. B,, Pretzsch, H., Lof, M., & Ruiz-Peinado, R. (2017). A
review of thinning effects on Scots pine stands: From growth and yield to new challenges
under global change. Forest systems, 26(2), 9.San-Miguel-Ayanz, J., de Rigo, D., Caudullo,
G., Houston Durrant, T., & Mauri, A. (Eds.). (2016). European Atlas of Forest Tree Species.
European Commission. https://forest.jrc.ec.europa.eu/en/european-atlas/

van Vuuren, D. P, Stehfest, E., Gernaat, D. E., Doelman, J. C, van den Berg, M., Harmsen,
M., de Boer, H. S, Bouwman, L. F., Diaoglou, V., and Edelenbosch, O. Y.. Energy, land-use
and greenhouse gas emissions trajectories under a green growth paradigm, Glob.
Environ. Change, 42, 237-250, 2017.

Welle, T., Cordes, H,, Storch, I, Torney, F., Fehrmann, L., & Saborowski, J. (2022). Mapping
Dominant Tree Species of German Forests Using Sentinel-2 Time Series and NFI Data with
Machine Learning. Remote Sensing, 14(14), 3330.
https://doi.org/10.3390/rs14143330Wilhelm, C., Rechid, D., and Jacob, D. Interactive
coupling of regional atmosphere with biosphere in the new generation regional climate
system model REMO-IMOVE. Geoscientific Model Development, 7, 1093-1114.
doi:10.5194/gmd-7-1093-2014, 2014.

42

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data


https://doi.org/10.26050/WDCC/LM_PFT_EUR_v1.1
https://doi.org/10.5194/essd-14-1735-2022
https://forest.jrc.ec.europa.eu/en/european-atlas/
https://forest.jrc.ec.europa.eu/en/european-atlas/

OptFor-EU

Zeng, X, Shaikh, M., Dai, Y., Dickinson, R. E., andMyneni, R.: Coupling of the Common Land
Model to the NCAR Community Climate Model. Journal of Climate, 15(14), 1832-1854.
https://doi.org/10.1175/1520-0442(2002)015<1832:COTCLM>2.0.CO;2, 2002.

43

D2.3: Final report on methodology of land cover datasets for global and regional
climate models, including publication of the data



OptFor-EU

ANNEX 1 LANDMATE PFT map 2015
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Figure 1: Spatial distribution of all PFTs in the LANDMATE PFT map of 2015 distribution at 0.018°
horizontal resolution.
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