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1 Introduction

The idea for this thesis was developed during a visit to the Harz mountains in Germany,
a national park which today is characterized by vast areas of dead trees caused by large-
scale bark beetle outbreaks and climate change-induced heat and drought periods. One
reason for the forest ecosystems’ damaged condition in the region stems from the
monocultural plantation with Norway spruce, a tree that is very susceptible to climate-
change induced effects (Kolling et al., 2009). In the European Union (EU), the Harz forest
ecosystem is no exception as 81 percent of protected European habitats are in a poor or
bad conservation condition (European Environment Agency, 2020, p. 5). Yet, forests
provide many services, such as ensuring air and water quality, fertilizing soil and
capturing and storing carbon emissions from the atmosphere, thus offsetting greenhouse
gas emissions (FAO, 2020). In the EU alone, in 2017, emission removals of forest and
agricultural land amounted to an estimation of about 284 million tons of CO?, offsetting
about seven percent of the EU’s total greenhouse gas emissions (EEA, 2019b as cited in
Savaresi, Perugini & Chiriaco, 2020, p. 212). Globally, however, large parts of forests,
178 million ha to be precise, have been removed since 1990 — mostly due to timber
production (FAO, 2020, p. 2). Therefore, the potential of forests for carbon storage now
lies under its natural potential (Mo et al., 2023), meaning that the forests” ability to serve
as carbon sinks decreases. Particularly old-growth forests, forests that have not been
logged in a long time, have become rare although these perform best in capturing and
storing carbon. In Europe, only 2.4 percent of forested areas can still be considered old-
growth forests (Barredo et al., 2021).

To fight these rapid developments of forest loss, the EU has set a target in the policy field
of Land Use, Land Use Change and Forestry (LULUCF) to reach net removals of 310
million tons of CO: equivalent by the year 2030. However, even the European
Commission itself expects to miss these targets by 70 million tons (European
Commission, 2023, pp. 31-33). In general, FOREST EUROPE (2020) summarizes that
the “condition of European forests is deteriorating” (p. 17) and names “extreme droughts,
heat waves, extensive bark beetle outbreaks, and more extensive forest fires” (p. 17) as
significant threats. To effectively address these challenges and halt the rapid loss of
nature, the restoration of over-used, degraded forests and the protection of the remaining
natural forests is necessary. To do so, however, a common understanding of forest
degradation and a quantification of deforestation is required (Liang & Gamarra, 2020)
This is the mission of forest information systems, in both public and private management.
Thanks to recent innovations in earth monitoring (EO) technology, be it through satellites
or unmanned aerial vehicles (UAVSs), new opportunities arise in the monitoring of short-
and long-term forested land cover.



Restoring ecosystems and establishing resilient natural equilibria with a diverse species
composition has become a core feature of modern ecological policies (Cortina-Segarra et
al, 2021; UN General Assembly, 2019). Local, regional, national as well as supranational
and international actors are involved in forest governance, yet detailed information on the
actual conditions of forest ecosystems is often inaccessible to the common public.
Following the logic of an Open data society, citizens could, however, serve as a
significant watchdog to hold policy makers and forest owners accountable to ensure a
sustainable management which is in line with nature restoration targets, e.g. in the
LULUCF sector. To do so, citizens must be equipped with the tools and up-to-date
information to easily understand and monitor local forest conditions. Therefore, this work
explores public institutions in Germany at different policy levels and their degrees of
compliance with Open data regimes in the field of forest data.

1.1 Research Questions and Structure

While academic research has so far mostly focused on the more technical side of forest
monitoring systems, less attention has been paid to the actual administrative
implementation of Open data policies. However, the degree of openness of forest
information systems has implications on the effective user group, the coherence of
monitoring efforts across borders, and custom-fit restoration policies. Improved access to
information on ecosystem conditions might even be “a necessity to help maintain public
support and legitimacy when dealing with complex, multidimensional environmental
issues” (Arts et al., 2016). Therefore, my research aims at understanding how public forest
authorities in EU member states collect and store data on their forested lands. This
includes the study of laws and reporting obligations as well as the implementation of
forest information policies, investigating which data is collected by whom in which cycles
and formats and in which form it is then published. More specifically, my first objective
is to understand the extent to which data on forest resilience is publicly accessible in the
16 German Lander and at the federal and EU level. Building on this Open data
compliance analysis, my secondary research objective is to determine prevalent data gaps
and access limitations that affect the potential development of an EU Open Data Forest
Resilience Monitor. The resulting research question hence reads: “To what extent is data
on forest resilience publicly accessible in forest information systems in Germany and
how can shortcomings of information accessibility be overcome for the development
of an EU Forest Resilience Monitor based on Open Data?”

The thesis starts with a broad theoretical background, introducing the latest research and
conceptual definitions for forest governance in Europe, forest information systems, Open
data policies and ecological resilience conceptualizations. This part serves as the



foundation for understanding the complexities that an EU Forest Resilience Monitor will
need to navigate. This section will explain forest governance in a multi-level governance
system and key legislation impacting the forestry sector in Europe, such as through the
European Green Deal. Additionally, the reader is made familiar with the capabilities of
forest information systems and innovative advancements in the field of forest monitoring.
One component of this section is also the discussion on Open data policies, examining
their potential benefits and risks in forest monitoring. The theoretical background ends
by elaborating on the different conceptualizations of resilience, particularly in relation to
forests, setting the stage for the methodological approach adopted in this study. The
methodology chapter starts by justifying the selection of Germany as the focus of the
study and explains the selection of forest resilience indicator groups and the principles of
Open data compliance. The section provides a thorough explanation of the research
design, including the methods used to investigate compliance with Open data principles
at various governance levels. The methodology then presents the quantification of Open
data utilized in the subsequent analysis chapter: Analysing compliance with Open Data
principles at multiple governance levels of public forest authorities, offering a detailed
evaluation of the current state of Open data in the forestry sector in Germany. The analysis
systematically compares forest information systems across sectors and policy levels and
highlight areas where information gaps and exemplary practices exist. This then feeds
into the discussion chapter: Here, the critical question of what data is necessary for
establishing an EU Forest Resilience Monitor is discussed, in light of the results for
Germany. The thesis ends by identifying practical implications and future directions for
forest resilience monitoring in the conclusion.



2 Theoretical Background

2.1 Forest Governance in Europe

According to Tucker (2010), forest governance refers to the exercise of authority in a
forest, which encompasses all processes, acts, and decisions made by a group or entity on
design, implementation, and enforcement of institutions (p. 690). Effective forest
governance hence balances and rules over the different competing values associated with
forests: ecological sustainability, social equity, and economic considerations. While
forests provide economic values mainly through the (semi-) industrial extraction of
timber, forests also provide ecological values as they, for instance, provide clean air and
water, and natural habitats for different species of fauna and flora. Finally, forests produce
social values, be it through mountain bike or walking trails that are open to anyone. These
competing values are embedded in a complex network in which many actor groups are
involved, “ranging from forest custodians such as private forest owners, local
communities and state forestry agencies to forest-based industries, governments, NGOs
and private citizens” (Rantala et al., 2020, p. 2).

In Europe, every square meter of forests is, at least de jure, delineated and owned by
either private or public bodies, and distinctive property rules have been institutionalized
“on the continuum from open access to private property” (Schlueter, 2008, p. 256). In
practice, this means that there is traditionally open access for everyone, for instance for
walking or picking mushrooms, even in a privately owned forest. Also, the right to hunt
is often organized under cooperative groups outside of the private ownership system and
forest owners are generally restricted in simply converting their land to another form of
usage. While globally most forests are owned by government, the European Forest
Institute determines private forest ownership In Europe at about 60 percent (Weiss,
Wolfslehner & Zivojinovic, 2024). Concerning the management of forests, companies
with large-scale industrial silviculture operations on the one side and small-scale private
owners on the other operate in fragmented, and often very inaccessible, strips of forested
lands. Tasks are different according to the management plan of the land: While some
forests are governed by specific sustainability principles, specific management decisions
are based on the land use class, either focused on timber production, agroforestry or other
forms of economic usage, including the transformation into industrial, residential or
touristic areas. Sustainable Forest Management (SFM) involves certification through
adhering to standards set by certification bodies like the Forest Stewardship Council
(FSC) or the Programme for the Endorsement of Forest Certification (PEFC). However,
these certification schemes are not known for their transparent processes: Some
certification schemes that label timber products as coming from sustainable management



still “permit the unsustainable clearance of large patches of natural habitat, which retain
much biodiversity” (Edwards & Laurance, 2012). While these problems are most
associated with the tropical regions, also in Europe, increased demand for biomass makes
timber stocks a valuable resource. Cases of illegal logging are increasingly uncovered
even in Europe, often by small, organized crime groups, ranging to cases reported from
Estonia to the Carpathian Mountains (Colantoni, Sarno & Bianchi, 2022). Still, Europe’s
forests are in some parts recovering from excessive logging that took place in the last
century. However now, the effects of climate change are increasingly putting pressure on
forests.

2.1.1 Muli-Level Nature of Forest Governance

In terms of forest governance, specific attention must be paid to the multi-level nature:
Policies and political actors at local, regional, national, supranational and international
levels are involved in forest governance and “[a]t each level, recognized entities can have
authority to make certain decisions and shape the processes and activities affecting a
given forest” (Tucker, 2010, p. 690). This multi-level nature of forest governance
provides for ample political capacity to centralize or decentralize forest governance:
Agrawal and Ostrom (2001) have studied attempts of decentralization in forest
governance; they argue that it is necessary to transform local users into proprietors of
forests and not only delegate operational rights to them (p. 508). This can then result in
stronger ties among the community of forest users and a better forest management in
general. But despite decentralization efforts, many forests remain in a governance limbo.
Referring to the case of Germany, Schlueter (2008) argues that some forests in Europe
are faced with economic underutilisation as the “tragedy of the anticommons emerges
from an excessively fragmented bundle of property rights” (p. 258). A management
decision can only be taken if all owners of a wider area agree to the same usage. However,
reaching an agreement on the local or regional level for a common use policy is often not
possible as owners are not interested in their land, have long moved away, or cannot be
reached or identified. While this limited utilization of forest resources in Europe can be
explained by the more competitive timber imports from tropic regions, it also has to do
with the fragmented ownership. ‘Absentee forest owners’ often live far away and do not
depend on the income from their lands which they have in many cases acquired due to
inheritance laws (Schlueter, 2008). Scattered ownership makes forest management a
difficult task and public intervention varies a lot according to the geographical context.

Zooming out to the international level, the 1997 Kyoto Protocol under the umbrella of the
United Nations Framework Convention on Climate Change (UNFCCC) necessitates the
accounting and provision of LULUCF data. It commits its parties, including the EU, to



binding emission reduction targets. In terms of forestry, this framework counts emissions
and emission removals from “managed forest land; land subject to deforestation,
afforestation or reforestation activities in the past 20 years” (LULUCF Regulation (n 11)
Art 4. as cited in Savaresi, Perugini & Chiriaco, 2020, p. 214). The focus here lies in the
monitoring, reporting, and verification (MRV) of carbon emissions. Here lie the main
touchpoints of national policies with forest governance. National governments are
charged with providing relevant and up-to-date data on their land and forest management
and the respective carbon sequestration. This work is carried out mostly by public
agencies through national forest inventories (NFIs) which collect information on
landscape composition, the structure and type of forest, biodiversity data, often based on
sample plots (Tomppo et al., 2008). NFIs are traditionally focussed on the monitoring for
timber stock exclusively, yet the international reporting obligations and the increasing
effects of climate change they account for a myriad of indicators, growing timber stock
to biodiversity and carbon stock calculations.

The German government has also pledged to invest in environmental restoration (ER)
and aims to implement its environmental adaptation policies by means of nature-based
solutions (Umweltbundesamt, 2023; BMUYV, 2023). ER can be defined as “an intentional
activity that initiates or accelerates the recovery of an ecosystem with respect to its health,
integrity and sustainability” (Society for Ecological Restoration International, 2004, p.
1). ER efforts have been a part of the EU’s environmental policies for decades already,
particularly thanks to the LIFE program. However, many barriers to ER remain, mainly,
“insufficient funding, conflicting interests among different stakeholders, and low political
priority” (Cortina-Segarra et al., p. 1). Focus in forest mo

2.1.2 The EU’s Role in Forest Governance

National governments of EU member states have long resisted an EU competence in the
forest sector. Consequently, the EU has so far not been able to develop a “consistent
regulatory [...] approach on forestry and the forest-based sector” (Aggestam & Piilzl,
2018, p. 2). Nevertheless, many EU policies and initiatives directly affect forest
governance, not only due to the accession of the EU to international climate conventions,
but also due to legislation in the area of the common European market: Already in 2010,
the EU introduced the Timber Regulation which obliges operators who place timber and
timber products on the internal market for the first time to prove that these products come
from legal harvesting. These due diligence obligations can be reported by the operators
themselves or by independent monitoring organisations (BLE, n. d.). In December 2024,
the EU Regulation on Deforestation Free Products will enter into application which
broadens similar due diligence obligations to other product groups that are associated



with deforestation, such as palm oil, beef, soy, or coffee. Operators have to demonstrate
that their products were produced on land that has not been logged after December 31,
2020, also for goods coming from within the EU. They must provide specific geographic
information directly to the European Commission (European Commission, n. d.). EU
legislation in the area of ecosystem protection through the Natura 2000 programme also
affects forest governance in EU member states. Furthermore, several data-sharing
initiatives, such as the European Forest Fire Information System (EFFIS) and the Forest
High Resolution Layer of the Copernicus Land Monitoring Service have been set up at
EU level, relying on observations provided by eight satellites of the SENTINEL family
(Copernicus, n. d.). Based on such EO information and the NFI-transmitted information
by member states, EU institutions are involved in compiling different forest-related
reports, such as Eurostat reports, the State of European Forests Report by FOREST
EUROPE, and the Natura 2000 State of Europe's Nature Report. These institutionalized
procedures have helped to harmonize some rules and standards, yet there remains a
“complex network made of national and regional systems, which makes the collection of
harmonized information a difficult task” (Vidal et al., 2016, p. 803). Forest data is
collected using several techniques, from remote sensing technology to on the ground
explorations; however, such data often remains in silos and is not shared publicly (Liang
& Gamarra, 2020, p. 1). Gschwantner et al. (2022) give an overview of the current
methods employed by NFIs in Europe — showing that country-specific approaches exist
in forest governance across Europe. Furthermore, member states commit themselves “to
provide such information on a regular basis” (Baycheva-Merger & Sotirov, 2020, p. 2).
Yet, forest data is still shared in many cases only on a voluntary basis, with some countries
and states being known as particularly ‘reluctant’ in sharing their forest monitoring
information openly and accessibly.

The European Commission has realized this lack of coherence and cooperation and has
set up the EU Forest Strategy 2030, a strategic agenda that connects several legislative
and non-legislative initiatives across policy fields to unify them under the pillar of the
European Green Deal. Lier et al. (2022) have analysed the strategy and criticize that the
document only “formulates objectives and commitments without specifying how progress
towards each objective should be monitored” (p. 4). Nevertheless, one aspect of the
strategy is the improvement of the Forest Information System for Europe (FISE), an Open
data sharing platform for forest data. The system that is managed by DG Environment is,
however, heavily dependent on the voluntary data and information sharing by member
states. Data in FISE is also not entirely harmonized as it is collected in varying formats
and in differing time cycles by the respective national and regional bodies. For instance,
the latest datasets on German forests in FISE refer to Germany’s third NFI from the years
2011 to 2013, published in FISE in 2018 (FISE, 2024). To counter the resulting



knowledge gaps and time-lags, the European Commission (2023a) has therefore proposed
a new Forest Monitoring Law in November 2023, that wants to strengthen the role of
FISE and integrate different monitoring strategies coherently at EU level.

Furthermore, responding to forest ecosystem degradation and the connected loss in
biodiversity, the European Commission proposed a Nature Restoration Law in June 2022
targeted at setting multiple binding restoration targets for EU member states and
corresponding obligations for several ecosystem types, including forests (European
Commission, 2022). The proposal has so far been adopted by the European Parliament,
but it has not been ratified by the Council. The draft version foresees commitments to
restore at least 30 percent of habitats that are in a poor condition by 2030, 60 percent by
2040, and 90 percent by 2050, including all remaining primary and old-growth forests.
Interestingly, in the absence of a unified method for assessing the condition or resilience
of forest ecosystems, the proposal names the common forest bird index and a selection of
other indicators, such as tree species diversity and deadwood, as proxies for such an
assessment (European Parliament, 2024). Specifically, Article 12 is set to mandate
member states to “achieve an increasing trend at national level of the common forest bird
index” (European Parliament, 2024, Article 12.2.) and foresees them to put in place
measures that will result in a rise in at least six out of seven of the following indicators
for forest ecosystems: standing deadwood; lying deadwood; share of forests with uneven-
aged structure; forest connectivity; stock of organic carbon; share of forests dominated
by native tree species; and tree species diversity.

Also, already in July 2023, the European Commission published a draft Soil Monitoring
Law (European Commission, 2023c) which puts forward a framework for monitoring soil
health and proposed parameters for soil assessment. All these ongoing legislative reforms
indicate the momentum that surrounds the governance of forests. That all these legislate
procedures are accompanied by intense debates shows the various interests of actors that
collide here: Euractiv reports that the Nature Restoration Law has been effectively
blocked by a minority of member states in the Council (Cagney & Machado, 2024). And
for the Forest Monitoring Law, the ministers for environmental affairs have answered by
setting up an ad hoc working group at the Council with further “examination [...]
depending on the progress made and the available time” (Council of the European Union,
2024, p. 4). This does not indicate a sense of urgency from the members states to legislate
in this regard on EU level.

2.2 Forest Information Systems

Collecting information on forests has a long history and forest mapping dates back to the
16th century with remnants of woodland registries found in the kingdoms of Spain and



Lithuania. In 1919, Norway was the first country to introduce a sample based NFI and
after World War I, national forest inventorying became a common practice all over
Europe (Gschwantner et al., 2022, pp. 3-5). With the emergence of new technological
innovations such as airborne laser scanning applications and satellite systems, new
opportunities have arisen in the field of forest monitoring and innovative developments
in this area are targeted towards fulfilling “’near real time’ forest monitoring needs”
(Nitoslawski et al., 2021, p. 10). This data is collected and stored in so-called forest
information systems; socio-technical artefacts that have been designed for many different
reasons. For instance, they refer to databases and systems that collect and analyse a wide
range of forest-related data, such as land cover/vegetation type, vegetation
height/structure, biomass, carbon sequestration, quality and size of the canopy, as well as
data on fellings or deforestation and fire disturbances (Tomppo et al., 2008, p. 1983). But
not all data can be recorded using remote sensing technology and some information must
be collected on the ground. Such in situ data stems mostly from area-based sampling
frame surveys: A small piece of forest is visited regularly every few years and data is
collected on tree status, tree species, forest cover and the diameter at breast height (dbh)
of the tree trunks in the area. In situ data can also include biodiversity data, such as data
on the occurrence of different animal species or the composition and quality of the soil.
In this field, countries and regional entities are actively involved, mostly through
institutionalized land monitoring structures or model project work. According to Kihl et
al. (2020), the existing structures are, however, mostly designed to assess the economic
viability of forests and often leave aside biodiversity indicators. Generally, NGO and
volunteer engagement plays a big role in the collection of various large-scale
environmental observations. Next to these national monitoring efforts, private actors and
local/regional governments operate their own forest information systems. For instance,
Swedish furniture company IKEA, which is one of the biggest forest owners worldwide,
operates its own forest information system in order to manage and trace its international
wood procurement (Hildeman & Carlsson, 2014, p. 80).

2.2.1  Prototypes of Forest Resilience Monitoring

Pratihast et al. (2016) describe the design and implementation of an Interactive Forest
Monitoring System that embraces the Open data concept and has been set up in a project
in Ethiopia. It integrates Web-GIS technologies, satellite data, and community-based
observations in near-real time (NRT) and monitors forest changes. Figure 1 shows an
overview of how the forest information system is structured from an information system’s
point of view.
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Figure 1: Diagram of an Interactive Web-based NRT Forest Monitoring System
(according to Pratihast et al., 2016)

New information from both EO or in situ observations can be entered into the system
which then detects forest changes connected to deforestation, forest degradation or
reforestation. The system is a tool for local stakeholders to participate in local forest
monitoring efforts collectively, for instance through the functionality to receive alerts on
mobile devices, when a certain forest change is detected. This has proven to “reduce

illegal activities and enhance transparency in the use of forest resources” (ibid, p. 13).

More prominently, tgloballyources Institute, together with other private, public and non-
governmental actors has set up the ‘Global Forest Watch’ application which pools EO
data on forests globally and helps to map forest changes in an area of interest, tracking
forest conditions through deforestation or forest alerts, also with a mobile app (Global
Forest Watch, n. d.). Users have the option to explore many spatial datasets, such as the
annual forest cover change. Here, the clear focus is on tropical forests. In Spain, the EU
funded ‘Forest Explorer’ project has helped to map all Spanish forests based on the third
Spanish NFI, publishing it as Open data in an integrated data portal where users can
navigate on a map, select tree species of interest and thereby explore the tree species
distribution across the country in one system. The development of the system clearly
identified the public sector as the main actor in providing forest information to society
(Vega-Gorgojo et al., 2022). The project has shown the capacities for linking different
datasets and data types, while still adhering to Open data norms. It does, however, not
provide information on forest conditions, or other information related to resilience.

Focusing specifically on the disturbances that impact forest resilience, the RESONATE
project has developed an interactive monitoring tool that maps the occurrence of several
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disturbance regimes present in forests (Senf & Seidl, 2021).! Using USGS Landsat
satellite data, the disturbance assessments here focus on the rate of forest cover disturbed
annually, the disturbance frequency, the average disturbance size as well as the maximum
disturbance size annually. The analysis also considers disturbances due to biotic or wind
conditions, fire impacts and harvest, all shown in hexagons of 50 x 50km size for the
years 1986 to 2020 (Senf & Seidl, 2022). While this monitor already comes with some
functionalities to assess regional forest resilience, a number of restrictions persist: Firstly,
the tool is not very detailed due to large comp sizes. Secondly, only a limited number of
disturbance factors are considered and, finally, the meaningfulness for the identification
of specific threats in a regional context and the accessibility is generally limited as the
research project is not meant for everyday use. Nevertheless, all these examples show that
interactive forest data mapping is already implemented widely, yet varies according to
functionalities and detail.

2.2.2  Innovation in Remote Sensing, Smart Forests and Data Governance

Increasingly, digital technologies are used to monitor forest conditions. Nitoslawski et al.
(2021) carried out an extensive literature review on technological applications in forests
showing the big potential that lies specifically in remote sensing, machine learning, and
open-source technologies. Globally, such innovative technologies are already
implemented in forest-related contexts. For instance, disturbance alerts are integrated into
satellites that monitor forest ecosystems in the tropics “to support law enforcement
actions against illegal and unsustainable human activities" (Reiche et al., 2024, p. 1).
Research has also developed programmes that can estimate biomass and carbon content
based on satellite-observed tree heights and canopy cover (Jucker et al., 2017) which
could potentially also be used to estimate logging intensities (Welsink et al., 2023).
According to Ochiai et al. (2023), EO technology will be key in assessing the global
carbon stocktake in the future, referring to the UNFCCC and the associated greenhouse
gas (GHG) inventories and reports at various policy levels. Satellite monitoring is based
on a number of programmes, such as the National Aeronautics and Space Administration
(NASA) in the US, and the European Space Agency’s (ESA) Climate Change Initiative
or the EU Copernicus Global Land Service. However, their resolution has so far not
reached more detail than 100 x 100m. Nevertheless, research has utilized deep learning
technologies to map land cover and the respective information needs more consistently
and in near real time (Brown et al., 2022). Advances have also occurred in the field of
virtual forests that aim at creating a digital twin of a forest ecosystem, which can help in
the field of silviculture management or environmental monitoring. Here, UAVS, such as

1 The tool ‘Europe's forest disturbance regimes’ can be found online here: https:/tum-
edfm.shinyapps.io/resonate-deliverable-2-1/ (Last accessed on June 6, 2024).
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drones that are equipped with extension photogrammetry have received increased
academic attention and implementation in forestry contexts (Murtiyoso et al., 2024).
Digital twins of forest can model ecosystems and even “predict future remote sensing
images” (Jiang et al., 2022, p. 7).

2.3 Open Data Policies

In 2009, US President Obama issued an executive order regarding the promotion of Open
data in government (White House, 2009) and the Digital Agenda of the European
Commission (2010) introduced Open data-sharing approaches in government also in the
EU. But while the concept of Open data is applauded by scholars and practitioners of
different fields, the actual provision of truly Open data is complex. Open data can be
defined as “non-personal data that is accessible to all and can be freely used, re-used and
distributed by anyone” (Halonen, 2012, p. 18). Pollock (2010) characterizes Open data
provided by public sector organizations according to a few key features: their non-rivalry
which refers to zero marginal cost, their high fixed costs due to data processing and
validation, their high potential for use and re-use as well as their two-sided nature of
public sector information holders referring to input and output perspectives on Open data
(pp. 16-17). Here, environmental data is only one aspect as Open data can refer to
socioeconomic statistics, geospatial information and many more forms. However, public
sector Open data must comply with a number of principles, such as completeness,
primacy, timeliness, non-discrimination and ease of access (Sunlight Foundation, 2010).
According to Huijboom and Van den Broek (2011), several barriers and drivers to the
provision of Open data by public sector institutions can be documented: Whereas driving
forces often come from outside the government due to citizen pressure, market initiatives,
emerging technologies or due to thought leaders, barriers exist particularly internally.
Major barriers to Open data provision concern closed cultures in public administrations,
limited quality of data, and a lack of standardization. And this is also true in terms of
Open data in the field of forestry and forest monitoring.

2.3.1  Open Data in Forest Monitoring

The Aarhus Convention provides an international legal obligation for governments and
public sector institutions to provide citizens with access to environmental information
(UNECE, 1998). Its enforcement is, however, “tempered by the discretion accorded to
Parties in implementing Aarhus obligations (Mason, 2010). Open data governance in
forest monitoring specifically refers to the open sharing of data that a group of regional,
national, and various other forest authorities or owners have agreed upon at a given time
period. This data pool can include many different datasets with indicators on the
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economic productivity of land, its carbon quality, its biodiversity status or the capacity of
a forest to serve as a carbon sink in relation with its environment. It can be provided “by
governments, companies, academics, civil society organizations, and increasingly citizen
science” (Strong, 2015). Thanks to developments towards a Web 2.0 environment,
citizens are increasingly empowered to utilize spatial data collected through satellites
themselves which previously required expert knowledge (Van den Homberg & Susha,
2018, p. 2). Here, also the development of common standards for geographic information
systems (GIS) have been important which make it possible to locally “store, manage,
analyze, edit, output, and visualize geographic data” (Chang, 2008, p. 1). However, Arts
et al. (2015) show that even in the so-called ‘Information Age’, environmental
communication faces a number of barriers referring to technical, structural, managerial,
and cultural challenges. For instance, up-to-date information and resilient websites,
liability issues, minimal resource allocations and lacking interdepartmental
communication continue to hamper environmental communication potentials (p. 52).

Open data could be a solution to the problem of inaccessibility of data for certain potential
users who do not have the resources to monitor or collect data themselves (Rantala et al.,
2022, p. 753). In a best case scenario, Open data implementation can even foster a truly
democratic dialogue among all forest users, taking into account the responsibilities of
those who deplete the natural resources, be it directly or indirectly (Lahteenmaki-Uutela
et al., 2023, p. 11). However, increasing open forest data also lays open the “tensions
between forest owners, indigenous peoples as traditional users and governors, other users,
non-users, future generations, and nature itself” (ibid, p. 19). Still, Open data scholars
whose works investigate innovative, sustainable approaches to forestry are optimistic
about the potential benefits of Open data in the forestry sector: Open forest data can be
beneficial for both small and large forest managers to make decisions about harvesting,
felling and reforestation strategies. It can also help in the process of selecting critical
habitats to be used for the protection of endangered plants and animals (Rantala et al.,
2020, p. 3), and, at best, it can empower local actors in implementing sustainable practices
that benefit everyone in the community.

Possibly, opening up forest data and making it accessible easily and in real time could
have the potential to make public the extent to which forests suffer from the climate crisis.
Open data initiatives have massively contributed to the revelation of massive,
environmental crimes such as illegal logging (Islam et al., 2019), yet many actors remain
who prefer to not make accessible their most current and detailed forest information. Yet,
open forest data policies could “stimulate more active forest planning and management,
through better and more targeted services” (Rantala et al., 2020, p. 5) as on the input side,
crowdsourcing allows more actors to share information and make data publicly
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accessible. On the output side, a shared forest information infrastructure allows all actors
to operate on a level-playing field. This would also benefit the growing number of
absentee forest owners, for instance by means of an open forest information portal.
Despite these expected benefits, in situ forest data often remains in silos and not even a
third of all in situ global forest datasets is openly accessible (Liang & Gamarra, 2020).
However, thanks to the opening of the Landsat archive of satellite imagery by the U.S.
Geological Survey’s in 2008, scientists could establish the Global Forest Watch (GFW)
platform that provides an open archive on forest changes, essentially linking datasets to
one platform (Strong, 2015).

Finland is internationally renowned as a pioneer in forest data digitalization and an open
forest data portal has been implemented by the Finnish government in the last years. The
portal metsaan.fi provides open access to forest grid data in Finland and the databases can
be directly browsed by everyone, and crowdsourcing elements have been included. Even
stand-level data of individual trees has been made openly accessible (Rantala et al., 2020,
p. 8). The country, however, underwent lengthy political discussions on its forest
information policy before. Research has observed “interlinkages between governance of
forests and governance of forest information™ (ibid, p. 2). This had led to a situation in
which different forest actors advocated for or against open forest data. Such a decision
must take into account data protection standards, particularly on forest ownership in line
with the EU’s General Data Protection Regulation (GDPR). In Finland, the forest owners'
right to privacy and data protection regarding the forest possessions and the risks of
outside interference were brought as arguments against a legal provision for Open data in
the forestry sector. Unfortunately, due to a number of reasons, such as high maintenance
costs and potential political disadvantages, many countries are reluctant in making their
forest data openly accessible (Liang & Gamarra, 2020, p. 3) or, as Rantala et al. (2020)

put it: “greater openness may result in both winners and losers” (p. 3).

2.3.2  Open Data in Environmental Monitoring on EU level

In the EU, the Open data Directive, formerly known as PSI Directive, mandates public
access to environmental information. It defines EO and other environmental datasets as
‘high-value datasets’, focusing on the Open data provision in the fields of satellite images,
mapping and in situ meteorological data (Official Journal of the European Union, 2019,
preamble 66). Interestingly, no reference is made to forest data and hence forest data
remains largely out of the scope of this directive. At EU level, the Forest Information
System for Europe (FISE) serves as an Open data catalogue, but as mentioned before, it
depends on the voluntary data input by member states and is hence incomplete and not
up to date. Furthermore, the newly proposed Forest Monitoring Law now aims to address
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such flaws and inconsistencies among national and regional monitoring structures and
foresees the provision of specific forest data in FISE in open format (European
Commission, 2023a, Article 7). The outcome of this legislative process is still uncertain
and a leap towards tighter cooperation can be questioned as common forest planning will
remain a voluntary process for member states to engage in (European Commission,
2023b). Yet, while the European Commission has been outspoken on the issue for long,
legal frameworks on all levels continue to place high burdens on the right to privacy and
fair competition. As most European forests are private properties, diverse management
interests and strategies persist. The EU has, however, created the instruments and
mechanisms that already pool vast information sets. For instance, thanks to EU efforts
under the ISPIRE Directive, standards for geospatial data are already in place and used
within the public administrations. Enhancing Open data sharing across regions would be
beneficial for the EU as a whole, institutionalizing forest decision-making at a more
political battle to fight climate change. A coherent forest monitoring interface that
integrates all recorded datasets on environmental monitoring of local agencies could help
to empower individual and collective decisions on a local level.

2.4 Forest Resilience

As discussed, forests are facing various threats that put these ecosystems and their
services under pressure. In recent academic research, the term ‘resilience’ has gained
attention, yet different understandings of the concept exist. The term continues to be
interpreted differently and remains a vague concept for forest decision makers. According
to Carpenter et al. (2001), resilience must be defined as “resilience of what to what” (p.
779): For this thesis that means that | look at the resilience of forest ecosystems to external
threats, in particular as regards climate change and other human-induced effects such as
timber extraction.

Broadly, three concepts of forest resilience can be distinguished: engineering resilience,
ecological resilience, and social-ecological resilience (Cantarello et al, 2024, pp. 1-2).
These three conceptualizations are depicted visually in Figure 2. The first understanding,
engineering resilience, refers to a natural equilibrium of an ecosystem as a reference and
looks at ecological succession following a disturbance. Accordingly, this
conceptualization considers how a forest ecosystem can ‘bounce back’ after a major
reduction in species, and how such a natural equilibrium can be restored, (Pimm, 1984,
p. 325; Cantarello et al, 2024, p. 1). Ecological resilience, similarly, looks at the
ecosystem and its “ability to absorb change [...] avoiding a shift to an alternative state”
(Holling, 1973, as cited in Cantarello et al, 2024, pp. 1-2).
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Figure 2: Conceptualizations of Forest Resilience, based on Cantarello et al., 2024

This second understanding sees ecosystems as fluid, as having more than one ideal state,
which means that they can persist in more than one equilibrium, e.g. from forest to steppe
or grassland. More recently, research has focussed on the third conceptualisation, social-
ecological resilience. It establishes forests as connected human-natural systems. As the
first two conceptualizations, this understanding focuses on the adaptive capacities of
ecosystems and describes how the system is capable of self-organising and learning to
counter perturbations and other stress factors, including human-induced effects
(Nikinmaa et al, 2020).

2.4.1 Indicators for Forest Resilience Quantification

Being able to assess the resilience of forest ecosystems is a challenging, but indicators
can help in quantifying such tasks. According to the United Nations Food and Agriculture
Organization (FAO), forest indicators refer to "parameters which can be measured and
correspond to a particular criterion [...] and help monitor the status and changes of forests
in quantitative, qualitative and descriptive terms that reflect forest values as seen by those
who defined each criterion” (FAO, 2015; as cited in Hurtado, Espelta & Lloret, 2022, p.
4). Indicators can hence be tailored to measure changes or impacts in a specific situation,
or indicators can more systematically monitor certain values and their different
characteristics over time or in different regional contexts.

This is significant particularly in light of the climate crisis where forests have the potential
to considerably help in the adaptation processes to climate change, but rarely the
preparedness of forest ecosystems is known in quantifiable terms. In the urban context,
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researchers have estimated that a 40 percent uptake in tree cover in European cities would
lead to a mean cooling effect of on average 0,5°C, which can be attributed to 41% less
deaths due to urban heat islands in European cities (lungman et al., 2023, p. 584). In this
urban setting, an increase in the canopy cover of even a small 10-30m radius can yield
measurable cooling effects on the surrounding area (Ziter, 2019, p. 7579). These cooling
effects are, however, associated with all forests, not only in urban contexts. Yet, already
today 81 percent of protected European habitats show a poor or bad conservation
condition (EEA, 2020a, p. 5). The observed conditions indicate the degree of resilience a
certain forest ecosystem possesses, and can lose or gain. This can help to formulate
strategies that strike a balance between the different interests involved.

But how can forest resilience be measured exactly? According to research carried out by
Jaime et. al. (2023) in the EU-funded RESONATE project, “forest structure, forest
composition, forest management and biodiversity, followed by land use, herbivory and
forest functioning” (p. 14) are the most used broad categories to predict ecological
resilience of forests. Considering forests as socio-economic systems, categories for
resilience prediction are extended to the broad categories of “management, regulation and
institutions, economics, social features and land use, followed by value chains and trade,
adaptation, education, recreational activities and working force” (ibid, p. 21). These broad
categories can comprise several different indicators, e.g. forest structure can refer to
canopy conditions, tree growth, tree age or stand density. Hence, when assessing
resilience, it is necessary to select specific parameters that are relevant to understanding
the situation at hand. In this context, Muller et al. (2016) warn that “resilience analyses
can easily suffer from arbitrary indicator selections and reference definitions” (p. 38) as
values in one indicator can be seen as improving resilience in one context, and they can
mean the opposite in other circumstances. Unfortunately, research on forest resilience
indicators is only starting to emerge, exemplified by the beforementioned RESONATE
project and by individual studies, e.g. by Nikinmaa et al. (2020).
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3 Methodology

To assess the openness of forest information systems in Germany and the resulting
shortcomings for the development of an EU-wide Forest Resilience Monitor, this section
introduces the research design and the corresponding research methods. After an
overview over the analytical framework and the selected case of Germany, the methods
used in the data collection stage are elaborated on. Then, the selection of the forest
resilience indicators and the Open data compliance criteria is laid out and justified. The
methodology section ends with methodological explanations for the data analysis stage
and the limitations of this research.

3.1 Research Design and Case Study

According to Brown and Hale (2014), “[c]ase studies involve an in-depth examination of
an event, geographic area, or public problem (p. 110). Following this understanding of
case-based research, this thesis looks at the politico-administrative structures in Germany
and aims to systematically analyze forest information systems at various policy levels.
An indicative structure of the analytical framework is outlined in Table 1.

Data Online Open Timeliness | Regular | Accessibility, | Map
existence | availability | license (d) updates ease of use (f) | feature
(a) (b) () (e) (g)

Occurrence

of forest

birds

Tree species
distribution

So1l & water
conditions

Canopy
cover

Carbon
sequestration
capacity

Table 1: Analytical Framework

I will focus on the case of Germany because due to the federal nature of the country,
considerable differences exist between the monitoring strategies and environmental
information systems employed by the L&nder. Also, while Germany is sometimes
considered to be lagging in digitalization efforts (Kairies-Lamp, 2018), the EU’s 2022
Digital Economy and Society Index (DESI) assesses Germany very similarly on public
digital information provision than the EU average: “Germany scores well on Open data,
but interaction between the government and the public could be improved” (European
Commission, 2022, p. 3). Finally, as the largest EU member state, Germany is a powerful
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country and is key to shaping EU policies. The internal diversity, the representativeness
and the political power make Germany an interesting case to study the adherence to Open
data principles. Furthermore, Germany has quite extensive forest areas, yet according to
the most recent Federal Forest Inventory (FFI) of 2012, only 36 percent of forests in the
country can be considered as being in a near-natural state (BMUV, 2023, p. 28). This
indicates a need to restore ecosystems and invest in renaturation projects which Germany
has pledged to do. Embedding this case in the methodology of a case study, “can ‘close
in” on real-life situations” (Flyvbjerg, 2006, p. 235). The unit of analysis therefore are
public forest information systems, and connected datasets or data components.

3.2 Data collection

Turning to the question of how I collected data on forest information systems, it was
essential to ensure that the process was systematically organized. As Brown and Hale
(2014) emphasize, “support for our educated guesses, or hypotheses, must come from
systematic observation and data collection, not from anecdotes, suppositions, or beliefs
about how things ought to be” (p. 26). To this end, | chose a structured data collection
strategy, primarily based on desk research of various forest information systems available
online, but also taking into account legal and academic publications on the matter.
According to Brown and Hale (2014), such data sources are designed for many purposes
and hence pose challenges in the research process (p. 102). While the approach of desk
research is complex, it was suitable for this research, as it allowed for the systematic
gathering and analysis of existing forest information systems and corresponding data by
various public providers in Germany, such as environmental ministries or agencies on
state level on their respective websites or online portals. The nonexperimental research
design was deemed appropriate for identifying and describing patterns within the data
collected as indicated in the analytical framework (Table 1). As Brown and Hale (2014,
p. 108) note, “when strict rules are established early on regarding data collection, and the
concepts of interest are clearly operationalized and measured, nonexperimental research
makes a significant contribution to our understanding of the social and political world.”
More detailed information on the operationalization of these concepts is detailed in
section 3.5.

To enhance the depth and reliability of the data collected through desk research, I
supplemented this with expert interviews and email correspondence: Five expert
interviews were conducted with representatives of two German state forest authorities, a
researcher from the European Forest Institute, and two interviews with representatives of
the Finnish forest service, to gain some insights on how centralized countries deal with
forest governance. These interviews were mainly conducted to gain some orientation in
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the research field more broadly. These interviews provided valuable insights and context
that desk research alone could not have offered. Furthermore, via email correspondence,
I engaged with respective public officials to verify and supplement the information
obtained through desk research. This step was in line with van Thiel’s (2007, pp. 105-
106) recommendation to apply the method of triangulation, combining information from
several different data sources to increase the reliability and validity of the research
findings. In total the scope of the data collection referred to 16 states plus the federal and
the EU/international level, respectively for five indicator groups and about 8 criteria,
leading to an analysis of more than 700 instances.

3.3 Selection of Forest Resilience Indicators

As presented previously, forest resilience can be conceptualized in three ways:
engineering resilience, ecological resilience and socio-economic resilience. Which
definition is chosen can considerably influence forest research and forest management,
and also this work. If engineering resilience was prioritized, the potential EU Forest
Resilience Monitor would emphasize rapid recovery and restoration of forests to a
perceived natural equilibrium. This approach would focus on metrics related to species
recovery rates and ecosystem stability. On the other hand, adopting ecological resilience
would necessitate a broader range of indicators that capture the ability of forests to absorb
changes and maintain functionality across multiple equilibrium states. This could include
monitoring biodiversity, ecosystem services, and thresholds of change, quantifying the
pressure that is present in a given forest ecosystem (Nikinmaa et al, 2020, p. 68). Lastly,
if the focus was on social-ecological resilience, the Monitor would integrate human and
ecological dimensions, emphasizing adaptive management practices, stakeholder
involvement, and socio-economic factors affecting forest resilience. According to
Nikinmaa et al. (2020), this approach likely requires more complex data on human-forest
interactions, such as governance and management structures ranging from community
forests to silviculture enterprises (p. 70). An EU Forest Resilience Monitor should ideally
follow this last conceptualization as most forests in Europe are not only impacted by
humans indirectly through climate change, but many socio-economic interests also affect
forests directly. While 1 aimed to base my research on this socio-economic definition, |
quickly realized that data and indicator sets at various levels of government in Germany
and the EU do not systematically record socio-economic influences on forests. This is in
line with findings by Jaime et al. (2023) who faced similar challenges (p. 10). The
following paragraph describes the selection of forest resilience indicators for this thesis
in more detail.
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To answer the first research question to what extent data on forest resilience in Germany
is publicly accessible, | first needed to develop a coherent understanding of which
indicators are already used in forest research and forest legislation. Given the many actors
involved in forest governance and management, it is not surprising that many different
indicators are used to assess forest resilience, both in academic research and in policy-
making. Hence, as a first step, | needed to choose indicators that are relevant for the
desired EU Forest Resilience Monitor. To comprehend the scope of indicators utilized
already, | analyzed both EU legislation in the field as well as a dataset attached to a
systematic literature review on forest resilience by Nikinmaa et al. (2020). Due to the
limitations of this work, I could not conduct an updated literature review myself, however
the focus of Nikinmaa et al. (2020) is precisely on forest resilience and hence | saw it as
a suitable proxy.

In terms of EU legislation, | looked at the proposed monitoring framework for resilient
European forests (European Commission, 2023a) and the Nature Restoration Law in its
last updated form by the European Parliament (2024). These two sources have been
chosen as they represent a very recent glimpse into how policy-makers at European level
are approaching the assessment of forest ecosystems from an ecological conservation
perspective. It should be noted that neither laws have so far been adopted. Nevertheless,
my investigation can help to map the extent to which relevant data is already openly
available; or for which information needs the law will make the setting up of new
monitoring structures necessary. Next to information on environmental targets and
monitoring structures, the Forest Monitoring Law sets out who should be responsible for
the collection of data, e.g. the European Commission, or the member states. Here, 32
different indicators are mentioned. Similarly, the Nature Restoration Law foresees
binding targets for member states efforts in the field of ecological restoration. In the
sections on the restoration of forested lands specifically, there is reference to seven
indicators, of which four are already covered in the Forest Monitoring Law. Hence, the
analysis of the proposals yields 35 different indicators, some with a set of sub-indicators
(see a detailed overview in Appendix I.b). | then grouped these indicators according to
14 categories proposed by Nikinmaa et al. (2020): climate indicators, biodiversity,
disturbance effects, and more.

Interestingly, the 35 indicators from EU nature protection legislation do not cover the
whole range of indicator groups, e.g. no mention is given to climate indicators. Therefore,
I supplemented the indicator long list with information from the systematic review by
Nikinmaa et al. (2020): Specifically, | looked at the supplementary material? of their

2 Electronic supplementary material number 4 to Nikinmaa et al. can be found here:
https://link.springer.com/article/10.1007/s40725-020-00110-x#additional-information (Last accessed
June 6, 2024).
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research where all indicators used in 255 studies on forest resilience are contained. Of
this large dataset, | omitted all indicators that were mentioned only once (e.g. aesthetic
value, commercial fungi collection). | also omitted all indicators that had a clear
connection to equatorial rain forests or other non-European, mostly tropical habitats and
indicators that were specifically tailored to small research projects, and seemed unfit to
integrate within an EU Forest Resilience Monitor. This still yielded a very large number
of indicators and posed some challenges as some indicators were coded in more than one
indicator group. More importantly, some referred to similar information, such as “basal
values” and “basal area increment” or “mean dbh” and “dbh classes”. This yielded a long
list of 140 unique indicators that are connected in one way or another to forest resilience
(see Appendix Ib).

According to Muller et al. (2016), the choice of indicators must be clearly justified as the
results can differ totally according to one’s choices (p. 37) and Nikinmaa et al. (2020)
recommend using “a holistic set of indicators that describe both structures as well as
functions of the system” (p. 71). | therefore decided to analyze not only individual
indicators, but indicator groups that encompass several information sources, essentially
omitting the indicator groups that referred to socio-economic values, e.g. “political will’
or “forest biomass for bioenergy’. Based on these factors, and literature on the topic, |
decided to analyze the Open data compliance for the following five indicator groups:

- Forest bird diversity (Section 4.1): | selected this indicator group because birds
are well accepted as a bioindicator, correlating with a range of other
environmental parameters (Gregory & van Strien, 2010; Mekonen, 2017). Their
monitoring is quite well established at EU level already, and it is mentioned in
both legislative texts, with specific reference to a ‘common forest birds’ indicator.

- Tree species distribution (Section 4.2): This indicator is included because of the
negative impact on resilience by monocultural management, focusing on
naturalness and diversity of native species (Silva Pedro, Rammer & Seidl, 2015;
Baeten et al., 2019). This indicator is also mentioned in both EU legislative texts.

- Soil and water conditions (Section 4.3): | included this indicator group as soil
structure and composition directly affect nutrient flow and ecosystem productivity
(Bronick & Lal, 2005; Dominati, Patterson & Mackay, 2010). Recent droughts
have also majorly impacted resilience of forests in Europe, yet soil and water
indicators are not referred to in the chosen legislation indicating some gaps in that
regard.
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- Tree cover and canopy thinning (Section 4.4): Including this indicator group
ensures to cover the field of disturbance recovery and management variety and
the impact different events have on the extent of forests (e.g. through logging or
pests and fire that target vitality of crown cover). Specifically looking at
defoliation was also recommended by the representative of the European Forest
Institute (2024, Appendix I11a).

- Carbon Sequestration Capacity (Section 4.5): | selected this set of indicators as
large-scale carbon stocktaking is already in place under the Kyoto protocol
(Savaresi, Perugini & Chiriaco, 2020) and carbon stock is also mentioned in the
Nature restoration law. Considering the 1.5 degrees Celsius target agreed at the
2015 UN climate conference in Paris, forest resilience assessments must therefore

also consider forests’ capacity to serve as carbon sinks.

The large set of indicators and the limited research process necessitated such choices.
This results in limitations on the validity of my findings as many more factors can
influence forest resilience assessments. Future research should therefore look into those
indicator groups that | could not cover in this research. In general, the vagueness of the
term ‘resilience’ does also provide methodical challenges in this regard as no clear
boundaries can be established. For instance, “resilience in one time period or at a
particular scale can be achieved at the expanse of resilience in a later period or at another
scale” (Carpenter et al., 2001, p. 779) and therefore the indicators to choose for such
assessments might be different in other contexts.

3.4 Selection of the Open Data Compliance Criteria

Having decided on the indicators, the next step is to assess the availability and the
openness of the data in question. Several Open data assessment frameworks exist, such
as the Open-o-meter for measuring openness in Open-Source hardware (Bonvoisin &
Mies, 2018). However, the focus of this research is on publicly provided data, hence the
Open Data Charter (ODC) that was developed in 2015 by various governmental and civic
experts, fits well as a measuring tool. Accordingly, the ODC sets six foundational
principles that Open data should fulfil: Data should be (1) open by default, (2) timely and
comprehensive, (3) accessible and usable, (4) comparable and interoperable, as well as
used (5) for improved governance and citizen engagement and (6) for inclusive
development and innovation (Open Data Charter, n. d.). In a global context, these
principals can be seen as aspirational norms and since their adoption, they have been
endorsed by over 90 governments and organizations such as the World Bank
(Brandusescu & Lammerhirt, 2018, p. 6). As my research focuses on the availability of
various forest resilience indicators, principles (1) to (4) are the most relevant because they
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describe the availability and characteristics of the indicators and can assessed binarily
(e.g., data is up-to-date or not). Principles (5) and (6) focus more on the intended use
which is harder to quantify or categorize. This is why in this research, | focus on the
principles (1) to (4). Nevertheless, these principles are still quite vague. In order to
achieve Open data compliance criteria for the forest resilience indicators that are easy to
apply in the analysis, | also take into account the questions used by the Open data
Barometer (ODB). The ODB is based on the ODC and assesses data access according to
ten questions (World Wide Web Foundation, 2017):

e Does the data exist?

e Isitavailable online from government in any form?

e s the dataset provided in machine-readable and reusable formats?
¢ |s the machine-readable and reusable data available as a whole?

e s the dataset available free of charge?

e Is the data openly licensed?

e s the dataset up to date?

e Is the dataset being kept regularly updated?

e Was it easy to find information about this dataset?

e Are data identifiers provided for key elements in the dataset?

Investigating all the criteria will exceed the scope of this thesis. In line with the ODC, |
will therefore only analyze whether the data exists and is available online (a, b), whether
it has an open license (c), whether it is up-to-date, and regularly updated (d, €), whether
it is provided in machine-readable format (f) and whether was easy to find and is
accessible (f). As an easy mapping functionality is an important aspect of a potential EU
Forest Resilience Monitor, | decided to add an additional compliance criterion, namely
the map feature (h) that indicates the integration of geospatial information.

35 Operationalization and Data analysis

Having selected both the forest resilience indicators and the Open data compliance criteria
allows for the more detailed formulation of the research design following a deductive
logic with the main data collection method being desk research. In this regard, van Thiel
(2007) recommends to "find information that meets the research needs as adequately as
possible” and to “use the existing information in such a manner that its contents will come
to concur with the research subject” (p. 106). The following section therefore outlines in
detail how the research process was operationalized, and which additional methods were
creatively applied for certain aspects, such as the self-assessment of the ease-of-use-
component.
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To assess Data Existence (a), | searched for information online at various policy levels,
starting from the highest (EU or international level) and proceeding down to national and
regional levels, by online searches. If detailed data were found openly available at higher
levels, all lower levels were assumed as having existing data, if no other evidence, such
as personal contact or online information suggested otherwise. In cases where data were
either incoherent or outdated, particularly for data pre-2018, further checks were
conducted for the availability of Open data or indicator calculations at federal and state
levels. The assessments with ‘yes’, ‘limited’, ‘very limited’ and 'no’ refer to a scale from
sufficient to no evidence that datasets or indicator sets were produced for the respective
indicator group at the respective levels.

Regarding Online Availability (b), datasets and maps were classified as ‘openly available’
if they could be accessed through direct data viewers, dashboards, or data portals, or if
datasets and their metadata were provided openly. Data were classified as ‘limitedly
available’ if information systems only gave limited access to the respective data or
indicator sets (e.g. incompleteness or low geospatial detail). This included restrictions
such as datasets only covering state forests or protected zones like Natura 2000 sites. Data
that were ‘very limitedly available’ faced significant bureaucratic hurdles or access
limitations: This included information that | was not able to find via online searches and
were only mentioned to me thanks to personal contact with respective public authorities.
This indicates an access challenge, particularly for use by common citizens. A
classification of “No” indicates that information and data were not accessible at the time
of research, suggesting a potential need for improved data sharing and harmonization.

Data were classified as Open data (c) if they were clearly indicated as such, and access
was verified during the research process. Ideally, datasets would be under a Creative
Commons license, or labeled with no restrictions. Other instances included external
sources indicating open access. Data were classified as limited if copyright or usage
limitations were explicitly mentioned. On a case-by-case basis, information systems and
datasets were disqualified from the Open License classification if they did not provide
granular data publicly (e.g., only aggregated values or blurred geospatial details). For the

cases where no copyright could be found, information systems were labelled as ‘unclear’.

In terms of Data Timeliness (d), information systems were classified as timely if more
recent data than 2018 was available, setting a relatively low bar of a time lag of about 6
years. 2018 was chosen as the cutoff year as Germany experienced a significant drought
with detrimental effects on trees and ecosystems in general (Schuldt et al., 2020). Stricter
criteria applied to data recorded continuously or in NRT, such as drought monitoring.
Data older than 2018 were generally not classified as timely, although indicators based
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on sample locations and longer monitoring cycles that represented the best available
option could be marked as such on a case-by-case basis, if sufficient justification was
given. Regarding Regular Updates (e), datasets and information systems were marked as
having regular updates if coherent monitoring cycles and strategies were in place. If the
update frequency was unclear, representatives were contacted via email to clarify the
practices. If no information on monitoring cycles was found, information systems were
labelled as having no regular updates. If regular updates violated the Data Timeliness (d)
component due to very long monitoring cycles, information systems were labelled as

‘limited’ in terms of regular updates.

Data were considered available for Machine Readability (f) if published in their original
format openly. While there might have been biases towards easier-to-access data, efforts
were made to contact relevant authorities to verify the information in cases of doubt.
Machine-readable data here refers to data structured in a format that can be easily
processed by computers without human intervention. For forest monitoring data, machine
readability is crucial because it allows for efficient analysis, integration, and visualization,
including datasets in CSV, GeoTIFF, JSON or GeoJSON, XML or NetCDF formats.
Excel sheets and shapefiles were also considered as machine-readable formats, although
some human intervention might be necessary in analyzing their contents. More
restrictively, some formats are machine-readable but may present limitations due to their
structure, requiring additional processing to extract and analyze the data effectively.
These formats include PDFs that are primarily designed for human reading and often
require specialized software to extract and parse the data accurately. In these cases, data
was classified as machine-readable only to a ‘limited’ extent. If data was not available in
all its granularity or data download did not work, information systems were coded as ‘not
machine-readable.’

The Accessibility and Ease of Use (g) was assessed based on personal experience and set
criteria, including the availability of visualizations, timeliness, and relevance to local
contexts. This involved evaluating how much information could be easily found and
identifying data hidden in inaccessible geoportals intended for expert use. This is closely
related to the criteria of a Map Feature (h) which describes the existence of a meaningful
integrated map feature within the information system. It was classified based on its ability
to visualize data implications in a local context. The term 'meaningful’ required that the
map functionality adds value and is up-to-date, enhancing the utility of data observations.

Furthermore, for some indicator groups, | decided to add further information on the
existence of special services. For indicator group I, tree species distribution, | also
included whether information systems that I looked at were compiling information on the



27

Naturalness of tree species composition (i) and if they were providing online tools for
Tree Species Planting Advice (j). These two functionalities were included as both add
value for forest managers and citizens alike, and as their existence is limited locally.
Furthermore, both services require data that is necessary for the forest resilience monitor
as well, namely assessments on the natural occurrence of tree species vis-a-vis
monocultural plantations and predictions for climatic conditions in the future and the
adaptation of different tree species. Furthermore, for indicator group I11 on soil and water
conditions, | also included the provision of map-based and interactive climate change
scenarios (k). If such interactive portals were established and provided information on
likely changes in precipitation and temperature in the future, in accordance with climate
change scenarios, they were coded with ‘yes’. In cases where such information was not
complete, or not interactively available, information systems were labelled as ‘limited’.
If information systems did not contain such a feature, | checked whether such service was
available on a different portal or website for the respective policy level in question,
particularly on state level. This also means that the rows of tables 2 to 6 which contain
the results of this research do not necessarily correspond to one single information system.
While | coded different information systems on international, EU or federal level on
separate rows according to the respective information systems that provide the data, on
state level I marked the existence of different information systems in one row. The last
special service that was included is Forest Connectivity (1), describing the existence of
data on landscape fragmentation which can add to the resilience assessment.

Finally, this classification was used to calculate the compliance with Open data principles
in percent. Therefore, the fields with ‘yes’ or ‘good’ received 1 point respectively, fields
marked with ‘limited’ were assessed with 0.5 points and fields marked as ‘very limited’
were given 0.5 points. This enabled me to calculate the total compliance scores in percent,
per state. As for the EU/international level and the federal level, | looked at several forest
information systems in distinct rows in the analysis. Therefore, each row received its own
compliance score. The average of all forest information systems present per policy level
was then taken in the final synthesized Open data compliance view.

Justifications for individual assessments can be found for most cells in the Analysis Data
Sheet® in the form of comments.

3 The original coding file including comments can be found on  Zenodo:
https://zenodo.org/records/11479358?token=eyJhbGciOillUzUxMiJ9.eyJpZCl61jJmYTQ40DYwL
WIWYjYtNDU4ZilhYjQlL WUwWZDFiIMWY4ZTExMilsImRhdGEiOnt9L CJyYW5kb20i0il3MW
YWN2E5NzZhNDAONDAXMmMNIOTNjYThiOWZiODNhYSJ9.-
TM7YRDdWZbUoav6CjkLul BZ3X6sYmmfKY4ahRygrPsglL S8ecUOb5s80k-
erwdvMXU_kgywjU4EOQtY IsFdP5kw (Uploaded on June 4, 2024).
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3.6 Limitations

All information and coding were done utilizing online searches and, if unsuccessful, by
contacting public forest-related institutions at various policy levels. As not all
representatives answered my requests, some information may be coded as non-available,
although it my be provided elsewhere. However, if information can effectively not be
found via online searches, it can hardly be considered as Open data. Limitations in terms
of validity refer to “the extent to which we are actually measuring what we think we are
measuring” (Brown & Hale, 2014, p. 100), which for most aspects of this research does
not pose a challenge as the goal is to analyse what IS available openly online. Validity
might be inhibited in the ease-of-use criterion, which was self-assessed. Although
following clear guidelines regarding ease of access, the availability of visualizations, the
timeliness, and the relevance to local contexts, bias was reduced. Further problems might
have occurred concerning the reliability of the results, which refers to “the extent to which
the tools we use to collect data [...] are capable of yielding consistent results” (ibid, p.
100). Here, | tried to validate unclear findings through personal communication with
officials. Unfortunately, not all representatives that | contacted answered my specific

questions, yet only in very few cases this led me to assign the ‘unclear’ assessment.

Additionally, this work is to a large extent limited to the analysis of data and indicators
contained in forest information systems that are used in the context of ecological
resilience. While focusing on this conceptualization is compatible with environmental
legislation, this choice also results in a certain bias towards ecological restoration vis-a-
Vvis socio-economic interests in forest resilience quantifications. It might also limit the
potential target groups. Still, I believe that these limitations do not outweigh the benefits
that the findings entail for the future development of an EU Forest Resilience Monitor.
Finally, a limitation exists in terms of forest fire indicators that were not taken into
account in the selection of the indicator groups because of limited occurrences of forest
fires in Germany — so far. Further research must be conducted on the already existing
information systems in fire monitoring, and how specifically EFFIS could feed
information into the EU Forest Resilience Monitor.
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4 Analysis

The following pages describe my findings of the structured openness analysis for the
indicator groups concerning Bird Species Occurrence (1), Tree Species Distribution (1),
Soil Water Conditions (111), Canopy cover (IV), and Carbon Sequestration Capacity (V).

4.1 Indicator I: Forest Bird Biodiversity

The existence and abundance of birds can serve as an indicator for ecosystem health,
particularly when looking at “a series of complementary indices that capture different
facets of biodiversity and how it is changing” (Gregory & van Strien, 2010, p. 6). It is
hence an important indicator for forest resilience. The European Environment Agency
(EEA) has identified a list of 34 species that are particularly relevant in the context of
forest ecosystems. Compared to the base year 1990, this common forest bird index
decreased by five percent in Europe (EEA, 2023). To monitor such developments, the
European Commission has also set up standardized information systems that pool data
from member states, make it openly accessible and visualize trends: the Biodiversity
Information System for Europe (BISE) and the Natura 2000 map viewer. Considering the
biodiversity of birds in forests, a specific indicator has been established in 2018: the
richness of forest-related species and habitats indicator (EEA, 2018).
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Figure 3: Screenshot of the EEA’s Geospatial Data Catalogue showing the Indicator
on Richness of Forest-related Species and Habitats (2012)

As shown in Figure 3, on a scale from 0 to 1, it assesses “biodiversity values of forested
areas in Europe [...] at 1km resolution” (ibid, 2018, n. p.). The darker the shades of green,
the higher is the presence of forest related species. While the data of indicators at EU
level, such as the forest species richness indicator, is openly accessible, EU systems also
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face some drawbacks: All selected information systems in the biodiversity component are
assessed with either limited or bad ease of use and they are mostly targeted towards
experts’ needs (see scores in Table 2). For instance, the EUNIS database contains
information on species, habitats and sites in the EU (EEA, 2019) which has been set up
to assist the Natura 2000 process, mostly to measure member states’ compliance with the
EU Birds and Habitats Directives. It has been coined “a major step forward [...] for nature
conservation survey, planning, monitoring and reporting on the international, national and
regional levels” (Chytry et al., 2020, p. 669). The information system BISE contains
detailed information on species distribution, and habitat types and sites from the EUNIS
database. The data is, however, mostly restricted to protected Natura 2000 sites for which
member states’ monitoring is mandatory. Other wooded areas that are not designated as
protection zones do not fall under its scope. Hence, member states are not obliged to
report such additional information. Furthermore, EU statistics can only be published once
data from member states has been received. This means that the indicator on the richness
of forest species, published in 2018, represents data effectively collected between the
years 2006 and 2012. It can therefore not account for the climatic changes, and the
possible effects on bird life, that have occurred in the meantime. Still, EU biodiversity
information systems for birds provide coherent and open information, scoring on average
better than national or state-level systems (see Table 2).

In Germany, the tasks of biodiversity monitoring fall within the responsibility of the
Lander who then report to the federal level. They carry out the common breeding bird
survey (MCBB), in Germany 99 species, by Directive 2009/147/EC and additional
monitoring of protected areas according to the Habitats Directive (Council Directive
92/43/EEC). Additionally, Germany carries out a structured monitoring of rare breeding
birds (NMB, 2024). In 6-year cycles, the structured observations carried out on state level
feed into bird protection reports according to Directive 2019/1010/EU by the Bundesamt
fir Naturschutz (BfN, transl.: Federal Agency for Nature Conservation). More
specifically, the MCBB information stems from double-stratified random samples of
1km? sample areas that are representative of Germany's landscapes (DDA, 2024a). At
least 1.000 of a total of 2,637 plots are visited and analyzed annually, for the MCBB
alone. This requires many resources and is often supported by networks of voluntarily
engaged people. The NGO Naturschutzbund Deutschland (NABU, transl.: Nature and
Biodiversity Conservation Union Germany) plays an important role in facilitating this
process.
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. Data Online Open L Regular Machine Accessibility,

ICIEEET YR existence (a) |availability (b) Iicinse (c) VIS () upcgjates (e) readability (f) |ease of use {g) biE E=TTITE ) S Average
EU (EEA, ﬁ;cl?i::tsss of forest-related species and Limited Yes Yes No Limited Yes Limited Yes 61,11%
2018) . . . .. -

Population trend of bird species Limited Yes Yes Limited Yes Yes Bad Yes 75%

. . 0,

EU (BISE & Daté on spec.|es, habitat types and Limited Limited Yes Limited Unclear Limited Limited Limited 60,88%
EUNIS) designated sites (Natura 2000) 44,89%
;;éé;\'at“ra 3::;22;‘;8;'; (h;zs?;tzy g gg)a"d Limited Limited Yes Limited Limited Yes Limited Limited .
National
DDA Breeding population development, Yes Yes No Limited Yes No Limited Limited

Distribution (ADEBAR) 56,25%
BfN Distribution, Population trends (12y & 36y) |Yes Limited Yes Limited Yes No Bad Limited 56,25% ——
Ornitho.de |Sightings Yes Limited No Yes Yes Limited Bad Limited 56,25%
State level
BW Breeding distribution, populations Yes Limited No No No No Bad Limited 25%
BY - Yes No No No No No No No 12,50%
BE - Yes Very limited No No No No Bad No 19,53%
BB - Unclear No No No No No No No 0%
HB - Unclear No No No No No No No 0%
HH Distribution, population Yes Limited No No No No Bad Limited 25%
HE Distribution Yes Very limited No No No No Very limited Very limited 21,86%
MV No. of breeding birds, distribution Yes Very limited No No No No Bad Very limited 18,75% o
NI Important bird habitats Yes Limited No No No Limited Limited Limited 37,50%
NRW No. of breeding birds, distribution Yes Yes Unclear No Unclear No Limited Yes 43,75%
RLP Distribution of breeding populations Yes Limited No Yes Yes No Bad Very limited 46,88%
SL - Limited No No No No No No No 6,25%
SN Distribution Yes Yes Yes No Yes Yes Limited Yes 81,25%
ST - Yes No No No Limited No No No 18,75%
SH - Yes No No Yes Yes No No No 37,50%
TH - Yes No No No No No No No 12,50%

Table 2: Compliance of Bird Monitoring Information Systems and Policies with Open Data Criteria
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The so-called “bird race days” include lay persons and alone on one day in May 2024,
2.700 people took part in such a structured survey (DDA, 2024b). The last BfN birds
protection reports from 2019 contain information on the distribution of species Germany-
wide. However, these are not interactively available and published only in PDF format
showing the map of Germany in a 10 x 10km grid. This inaccessibility, limited machine-
readability and the considerable time-lags violate most Open data criteria. Generally, data
harmonization and timeliness are a huge challenge among bird occurrence information
systems. Ornithologists have, however, developed the online portal ‘ornitho.de’, which
offers a platform for individual NRT data sharing on bird observations in all Germany:
With more than 70 million individual observations, the portal helps to better map the
occurrence of bird species (DDA, n. d.). And even beyond Germany ‘ornitho’ portals
have been institutionalized in many European countries. Pooling such common
observation data by birdwatchers across Europe is the mission of the European Bird
Census Council (EBCC). A potential ‘EuroBirdPortal’ aims to monitor bird observations
in Europe in NRT (EBCC, 2024). In Germany, these online citizen observations currently
only feed into the surveys of the Dachverband Deutscher Avifaunisten (DDA, transl.:
German Avifauna’s Association). However, they do not feed into the BfN monitoring
reports on federal level. Unfortunately, data access in ‘ornitho’ is limited to very active
users only. Only those that report an average of ten bird observations per month have
access to free database queries. Alternatively, regional coordinators can be contacted
directly for data access. Overall, the analysis reveals that the federal level and the EU
level can be compared in their efforts of Open data provision of bird biodiversity datasets,
both scoring at a compliance rate of about 60 percent.

The analysis in Table 2 also reveals that while most states confirm the existence of bird
monitoring data, the online availability is generally poor. Only North Rhine-Westphalia
(NRW) and Saxony (SN) provide online access to bird monitoring data with specific
online portals. For the states of Bremen and Brandenburg (BB), data existence could not
be verified as the contact persons did not reply and no information online was available.
Furthermore, Saarland (SL) reports that some of its monitoring is still in a development
phase. Four states have only partial online availability, for instance Lower Saxony (NI)
that only produces interactive and downloadable maps that indicate important regions for
large bird habitats and for breeding and visiting birds, but not for species distribution
(MUEK NS, 2023). In Rhineland-Palatinate (RLP) and Baden-Wurttemberg (BW),
ornithological groups publish aggregate reports from the locally sourced data of
ornitho.de, partly with public financial funding (GNOR, 2023; OGBW, 2024). Seven
states do not have their data available online and three only in limited format: In
Mecklenburg-Vorpommern (MV), distribution maps of selected species are available in
a rather outdated PDF reports referencing data from 2005-2009 (Vokler, 2014). In Berlin,
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the transmission of data must be requested from the local ornitho Steering Group by
filling out an extensive form. This shows that while data may exist on state level, data
access is challenging. Significant gaps in online accessibility across regions hinder
effective data utilization. On top of that, most data are not clearly labelled as Open data
and restrictions on the use of data persist: Only SN specifically classifies its information
system with a Creative Commons license: With a score of 81,25%, SN scores
considerably better than all other information systems. Its species database ‘iDA’
provides open access to over 7 million observations in the form of grid distribution maps
and species count maps in machine-readable format (LULG SN, 2024, see also Figure 4
[c]). Such an approach could be very valuable for the potential EU Forest Resilience
Monitor.

Another major challenge, as already outlined for the EU level, is the timeliness of the
data. This research deems data that is less than 6 years old as timely which is already quite
a stretch considering the immense effects climate change can have on biodiversity over
one season alsone. Still, only for two out of 16 states, namely RLP and Schleswig-
Holstein (SH), recent data was accessible online as they publish annual reports with
selected distribution maps. On the downside, these reports are very inaccessible and not
machine readable. Additionally, in RLP, you need to order and buy a book in physical
form to receive the information (personal communication with GNOR representative,
2024, Appendix I1a). In general, the states do not have put in place regular updating cycles
for bird monitoring data. And even if they do, such as Saxony-Anhalt (ST) which reports
a biannual reassessment for their internally used biodiversity indicator, data on species
distribution is only partially included here and not published. The analysis also reveals a
pattern where almost all states do not offer machine-readable bird monitoring data. Only
SN reports that its data is fully machine-readable, meaning the distribution of specific
species can be downloaded as shapefiles or in Excel tables relating to the quarter as shown
in Figure 4c. As mentioned before, while crowdsourced data from ornitho.de is
technically available in machine-readable format, there is restricted access to it for regular
users. This is a major obstacle for a potential EU Forest Resilience Monitor as data needs
to be available in machine-readable formats. Yet, the openly accessible data is largely
reduced to information graphics in PDF reports. In most cases, this information stems
from machine-readable databases of the respective publishers, yet it is not openly
accessible.

Figure 4 shows the different map features that are available online in terms of species
distribution, here with the example of the distribution of the grey-headed woodpecker
(Picus canus), a species that is included in the common forest birds index on EU level.
Data by the DDA (4b), is grid data on a 10 x 10 km basis, whereas the data portals of
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NRW and SN are more detailed as they show quarters of such 10km2 quadrants (4c & d),
and hence give more detail on the actual habitats of the woodpecker species that mainly
lives in forests.

(¢) Central Species Database Saxony iDA

(a) Natura 2000 Network Viewer by the European (b) Information Portal “Birds in Germany™ by the (d) Information Portal Breeding Birds Atlas
Environment Agency DDA (Umbrella organization of German avifaunists) Northrhine-Westfalia

Figure 4: Presentation of Species Distribution of Picus Canus (Grey-headed

Woodpecker) according to Selected Information Systems

EU data in the Natura 2000 viewer indicates those areas that are designated as protection
zones where the woodpecker species has been reported to be present (4a). As illustrated,
this data is incomplete as data from Poland is missing and habitats not included in the
European protection framework are also not included. So far, also no aggregated
visualization capabilities for the distribution of several bird species are openly available
(e.g., a combined visualization of several relevant species for forest ecosystems). Such
visual information could, however, be beneficial for a better quantification of forest
resilience and public awareness around the topic of biodiversity loss. While a few states
provide limited access to bird monitoring data, the majority exhibits significant
limitations, with data either not accessible at all or very challenging to use. Of some of
the websites or reports, | was only made aware of due to personal contact with local
representatives. This suggests a critical area for improvement to ensure data is not only
easily usable by citizens but also easily discoverable online.

To conclude, the analysis of the bird monitoring processes highlights significant
disparities and gaps in data systems across the German states, particularly when compared
to EU standards, which — in turn — depend on such local input as EO technology helps
little in biodiversity of different animal species, including birds. Most states show
deficiencies in critical areas such as online availability, openness, timeliness, and machine
readability. This situation underscores the need for a concerted effort to upgrade and
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standardize data systems to enhance accessibility, usability, and effectiveness of bird
monitoring initiatives across Germany. A notable exception among the Lander is SN
which operates an Open data portal on all species of the state. Yet, an ideal point to
address the common challenges of all states would be the DDA’s existing database which
already pools data from public monitoring as well as data from ornitho.de. By equipping
it with machine-readability functionality, an open license, a more detailed granularity as
well as with the possibility to aggregate several species’ distribution in one map, it could
serve as a NRT map on the occurrences of forest birds in local contexts, directly impacting
regional resilience assessments. Beyond Germany, the EBCC’s ‘EuroBirdPortal’
prototype could also serve as a valuable data pool for NRT forest bird monitoring to
improve related indicators that could then feed into the determinations of forest resilience
assessments.

4.2 Indicator I1: Tree Species Distribution

The different climates in Europe establish different ecological environments in which
various tree species find suitable habitats. According to Baeten et al. (2019), the
functioning of forest ecosystems is generally enhanced by a high tree species richness.
With climate change, suitable habitats for one species may, however, change as some
areas will be more dry or hot. To enhance forest resilience, some researchers suggest
planting trees that will be suitable for environmental conditions of the future, particularly
in terms of re- or afforestation efforts. Yet, this is a very controversial debate, as others
argue that only native plants are well-suited for specific environments. Non-native trees
have been spread by human migration for centuries already and some species have
therefore reached new continents where they successfully established (Hautala, 2024).
This is particularly true for urban environments which are heating up much more
considerably: For instance, city planners in Sydney have come up with guidelines to plant
“the right tree [...] in the right place, and at the right time” (City of Sydney, 2023, p. 3)
which fits more the climate conditions of the city of Grafton, more than 450km away. In
other places, rules state that trees should be mainly locally sourced because of their
adaptations to blossom at the same time when native insects are active to pollinate
(Hautala, 2024). This debate on climate change adaptation illustrates that simply planting
trees will not help to restore resilient ecosystems. Initiatives that focus on the ‘best trees’
are now present in regions all around the world. To determine the local needs of a forest
ecosystem, information on the current tree species occurrence in a given area is necessary.
This can be done either by visiting the forest and recording in situ data or through arial
observation. The following analysis therefore looks at datasets and information systems
produced at EU level, at national level and at state level for the area of Germany, referring
to their compliance with the Open data criteria. The results are shown in Table 3.
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. . . . - Naturalness of tr .
. Data existence |Online Open license S Regular Machine Accessibility, aturainess ot tree 1o e scenario
Indicator type - Timeliness (d) L Map feature (h) |species composition . . Score |Average
(@) availability (b)  |(c) updates (e) [readability (f) |ease of use (g) 0 recommendations (j)

Current & future potential

EU (A/T4F) A > . Limited Yes Yes No No Yes Good Limited No Limited 55%| 55%
distribution tree species

National

DE (Thiinen) [Dominant tree species Yes Yes Yes Very limited No Yes Good Yes Limited No 67,50%

DE (UFZ2) Current tree species distr. Yes Yes No Very limited No No Good Yes Very limited Unclear 45%

DE S - . . . 45,63%

. Current tree species distr. Yes Limited Very limited Very limited No No Good Yes Very limited No 42,50%

(Waldmonitor)

DE (FFI) Pure stock per tree species Very limited Limited Unclear No Limited Yes Bad Very limited Very limited No 27,50%

State level

BW - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Very limited Yes 22,50%

BY Tree species distribution Yes Very limited Very limited No No No Bad Limited No Limited 25%

BE Individual city trees Yes Limited Yes Yes Yes Yes Good Limited No Limited 75%

BB - Yes No n.a. n.a. n.a. n.a. n.a. n.a. No Limited 15%

HB - Yes No n.a. n.a. n.a. n.a. n.a. n.a. No No 10%

HH Individual city trees Yes Limited Yes Yes Yes No Good Yes No Very limited 62,50%

HE Biotope categories Yes Very limited Limited No No No Bad Yes No Yes 37,50%

MV - Yes No n.a. n.a. n.a. n.a. n.a. n.a. No Very limited 12,50%

NI Dominant tree species, age Yes Very limited Limited Limited No No Bad Yes No Limited 37,50%| 35 789

)

NRW Forest habitat type Yes Limited Limited Yes Unclear Yes Good Yes No Yes 70%

RLP Biotope categories Yes Limited Yes No No Yes Bad Yes No Very limited 47,50%
Dominant tree species, biotope L _

SL . P P Yes Limited Unclear No No Yes Bad Yes Very limited No 37,50%
categories

SN - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Limited No 15%

ST - Yes No n.a. n.a. n.a. n.a. n.a. n.a. No Yes 20%

SH = Yes No n.a. n.a. n.a. n.a. n.a. n.a. No Yes 20%
Dominant tree species &

TH . > . Yes Yes Yes Yes Limited Limited Bad Yes No Limited 65%
accompanying species

Table 3: Compliance of Tree Species Information Systems with the Open Data Criteria and the additional Capabilities of Naturalness and

Planting Recommendations
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Similar to the bird indicators, the EU information system scores quite well although
member states, and in Germany the Lander, are responsible for forest monitoring
practices. Here, considerable differences concerning Open data compliance exist. On EU
level, the “EU-Trees4F” project has developed maps for the 67 most prominent tree
species and their occurrence as well as their future potential distribution in the EU by
referring to several predictions on the climatic conditions of the future due to climate
change (Mauri et al., 2022)*. The datasets are openly available in 10 x 10km resolution;
however, they do not describe the actual distribution of tree species, but — as said — their
potential distribution range according to four time frames (see Figure 5). The calculations
are based on data largely collected before 2017 from various sources, partly from the 21
different national NFIs (Mauri, Strona & San-Miguel-Ayanz, 2017). Unfortunately, this
data is only available in a portal meant for expert data use and as raw datasets.®

Y
Ulmus minor - model projections from EU-Trees4F

(] Habitat suitability 2081-2110
Habitat suitability 2051-2080
(J Habitat suitability 2021-2050
() Habitat suitability 1991-2020

500 km
300 mi == | eaflet | © OpenStreetMap contributors © CartoDB, CartoDB attributions

Figure 5: Screenshot of the EU-Trees4F Data on Habitat Suitability for the Ulmus

minor Species in a Scenario for 2051-2080

Through the EU’s Copernicus land monitoring service and the EU observatory on
deforestation and forest degradation, the EU publishes more datasets on trees. However,
these do not include individual tree species data. Generally, EU information systems only
differentiate between broadleaved and coniferous forest types with “low spatial detail”
and “missing information depth” (Welle et al., 2022, p. 2). While the EU level would be
an ideal merging point for convergence of tree species data, the meaningfulness for
individual species so far is quite limited. This necessitates looking at the availability and
presentation of tree species records also in Germany, both on federal and state level.

4 Data is published by the European Commission’s Joint Research  Centre:
https://forest.jrc.ec.europa.eu/en/activities/forests-and-climate-change/ (Last accessed May 14, 2024).

5 Datasets were published by the authors on Figshare: https:/figshare.com/collections/A_high-
resolution_pan-European_tree_occurrence_dataset/3288407 (Lastly accessed May 15, 2024).
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On German federal level, more detailed data on tree species distribution is available
through four different portals: the Thiinen Institute’s forest atlas (Blickensdorfer et al.,
2022), the UFZ’s forest condition monitor, the forest monitor by RSS, and the datasets of
the Federal Forest Inventory (FFI, see individual scores in Table 3). The results of the
latter are published on a designated online portal, called bwi.info which contains
aggregated numbers of tree species per state. As the data is not connected to geospatial
information, this considerably limits its meaningfulness and accessibility. The interactive
maps by the Thinen Institute, the UFZ, and RSS, however, give more insights on the
actual distribution of tree species on a local scale, showcasing the detailed domination of
individual species on a map (see Figure 6).

Figure 6: Screenshot of the UFZ Forest Condition Monitor's Tree Species Viewer

Yet, also these maps must be taken with caution as their accuracy lies only at around 80
(UFZ, 2024) and, according to a researcher at the Gotha Forest Research and Competence
Centre, tree species were all detected before 2018, a year in which a massive forest decline
occurred due to a large drought period (personal communication, 2024, Appendix 11b).
Nevertheless, these data monitors provide the best sources for tree species distribution in
Germany. As they are based on satellite imagery (Sentinel-2), similar processes could be
established for all of Europe with the Copernicus programme (Welle et al., 2022, p. 10).
The beforementioned interactive maps on federal level provide data for all states (column
[a] in Table 3), but the involvement of the Lander in assessing and providing tree species
distribution is generally limited (column [b] in Table 3), leading to a combined average
score of 35, 78 percent Open data compliance. Seven states do not make any additional
data or information available online in this regard. Despite all states having their own
geoportals with multiple functionalities, including environmental mapping, online
availability is either limited or very limited for the remaining states. And where data is
available, these datasets or maps are often limited to state forests or protected sites, and
generally even more outdated than satellite-based data. Their accuracy, however, can be
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seen as higher because such information largely stems from data recorded on the ground
by field visits. For instance, in NRW, 72 different ecological habitat types were
developed, based on the combination of site factors, vegetation period, overall water
balance and nutrient supply. Their geographic distribution within the state is openly
accessible in a dedicated forest portal, showing the locations of ecosystems such as ‘wire
beech forests’ or ‘oak-birch forest with pine’ (Wald & Holz NRW, n. d.). The geoportal
of the Saarland (SL) even shows information on the specific number of trees per species
in a given sector with further supplementary information, but only for the state-owned
forests (MUKMAYV, 2024). The Thuringian geoportal has a similar feature: it contains
detailed information about the tree species composition for all forested lands — delivering
a complex ecosystem description via a number code. For instance, the ‘BHC’ number in
Figure 7 refers to the area marked with the red pin and describes it as a ‘coniferous pure
stand forest in the middle tree phase as a single-layer structure consisting only of spruce
without accompanying species, with loose canopy closure, and no special protection of
the biotope’. The information can, however, only be retrieved when one has access to the
document that outlines what the ‘BHC’ code stands for —which I could only retrieve upon
personal email contact with the state forest authority. This stands exemplary for the
limited accessibility of valuable information sets.

©Themen [flegende ( Suchen 3 Werkzeuge (] Weitere Portale % Thiringen Viewer

O-B8B0 IEE o

Figure 7: Screenshot of the Tree Species Map in the ""Thiringen viewer™

In general, most data sets on tree species distribution are not clearly labelled as Open data,
with some exceptions, such as the map by the Thinen Institute (Table 3[c]). While most
datasets are technically available openly, they come with certain restrictions that may
limit their use, for instance for commercial activities. In BW, only limited data is available
under an open license and access to more detailed forest maps must be applied for, giving
clear indications on the scope and reason of datasets (FVA-BW, n. d.). By promoting the
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use of open licenses across all levels of government, information on environmental
conditions could be available to everyone, not only to experts involved in forest
management. Even more grave are the concerns stemming from the limited timeliness
and irregularity of updates: Essentially, | have coded all information systems as timely if
they are based on data collected after 2018, referring to a time-lag of 6 years. This choice
has been made also because the datasets then reflect the detrimental effects from the years
2018. Unfortunately, most data are older, e.g. the European Atlas of Forest Tree Species
brings together data from many data sources, some as old as 2006 (De Rigo et al., 2016,
p. 42). For the whole of Germany, the Thiinen monitor shows data from 2017/2018, and
the UFZ monitor as well as the RSS monitor are based on Sentinel-2 data from 2016 to
2018 (personal communication with UFZ representative, 2024, Appendix lic). Hence,
they all do not depict tree species distribution in NRT. While technically no big changes
are to be expected within such short time frames, climate change has recently led to
extreme weather conditions impacting the survival of certain species in specific regions.
For instance, the 2018 drought in Germany affected millions of trees and according to the
Federal Ministry on Agriculture, at least 2,450 hectares are consequently in need to be
reforested (BMEL, 2020). The drought has therefore considerably impacted the species
composition in German forests (Schuldt et al., 2020).

Most timely data is provided in TH through the state’s geoportal as described before, with
data from 2020 (Figure 7). Also, the city states of Berlin (BE) and Hamburg (HH) provide
up-to-date data. Yet, it must be noted that here the focus is on the management of city
trees and not on forest ecosystems. These cities have put in place tree registers, containing
information on single trees. These datasets have been used to coordinate watering efforts
by citizens, e.g. through the Berlin portal ‘GieB den Kiez’ which visualises the locations
of 885.825 metropolitan trees, as well as information on age, species and in-time watering
requirements (CityLAB Berlin, n. d.). If one user waters a tree, she*he can mark the tree
as ‘watered’, essentially leading to a better coordination of watering activities. The Open
data portal might even strengthen ties within the city community and create awareness
for environmental conditions. Most information that is available in state geoportals is
even more outdated than the federal monitors, with data from 2011 in SL, or from 1999
in Bavaria (BY). Data from Hesse (HE) even comes from the years 1992 to 2006. The
unavailability of timely forest information is most certainly linked to the absence of
provisions mandating regular updates or open publishing (see Table 3[d]). Metadata of
the published datasets explain that updates are only carried out ‘if necessary’ in some
cases. It is important to point out that more recent maps certainly do exist, however they
are not openly available online and rather only at the hands of regional forest offices.
These are often not allowed to share updated forest maps of privately owned land outside
of protected areas or state-owned lands, due to state legislations or other data protection
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regulations. Asked on the availability of a tree species map for the state, a representative
of the forest authority in MV answered “We have it, but it will not be published”; and
even to gain such information on state-owned forests, citizens need to prove “considerable
interest, otherwise it is data protection” (Interview with representative Forst-MV, 2024,
Appendix I1Ic). The public official also compared forests to gardens — where also only
the owner is in a position to know what she*he is growing. Consequently, at all levels of
governance, datasets that yield information on tree species composition suffer from
severe time-lags and limited meaningfulness, effectively hindering citizens’ access to
information on local forests’ resilience. Modern satellite mapping technology for
individual tree species recognition can certainly help to remedy these challenges,
particularly for the potential EU Forest Resilience Monitor.

A more variant picture can be seen in terms of machine readability of the datasets (see
Table 3[f]). At EU level, the data on tree species distribution is machine-readable,
however — as stated before — it does only represent the hypothetical distribution of species
and not the actual distribution. For Germany at national level, the tree species
functionality of the RSS forest monitor and the UFZ forest condition monitor are not
published in machine-readable format, which limits its usability for automated analysis
and integration. Different geospatial restrictions apply to the data of the FFI. Conversely,
the Thinen Institute's data is available openly for download in TIFF, CSV or XLSX
format. Technically, these datasets could feed into the setup of an EU Forest Resilience
Monitor. On the regional level, of the ten states that publish species data in one form or
another, only half of them do so in machine-readable format. For instance, data from
Lower Saxony (NI), cannot be downloaded but only be viewed in the geoportal and data
from BW is largely only available in PDF format.

A mixed picture can also be seen in terms of the accessibility of databases and information
portals (see Table 3[g]). At EU level through the interactive tree species atlas, and at
national level through the monitors by UFZ, Thiinen and RSS, easy-to-use applications
exist which can be used by almost anyone to inform themselves about the local presence
of tree species in the region of interest by a simple search function (see Figure 7). Also,
the already mentioned portals on city trees in BE and HH fall within this category of good
accessibility as they are targeted specifically towards an everyday usage. Beyond these,
the forest information portal of NRW as well as the information portal of NI stand out as
good examples on how to make tree species information more accessible: While they are
both limited in their meaningfulness, particularly due to incompleteness or time-lags,
their user interface is not only targeted towards experts. All other geoportals require at
least some time to familiarize oneself with geospatial datasets and their proper depiction
in the respective geoportals. Without professional assistance, | would not have found
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some of the datasets myself. Furthermore, finding the relevant datasets often requires the
user to search through several functionalities and folders until the relevant data is found.
Most datasets hence remain quite inaccessible. Nevertheless, the use of maps is already
prevalent in forest information systems in that regard, with the notable exception of the
official German FFI.

4.2.1  Naturalness of Species Composition

The analysis shown in Table 3 also records whether information is available on the
naturalness of the forest ecosystem (see column [i]). This criterion was added as the
occurrence of tree species data is not very meaningful on its own and must be interpreted
according to the climatic context: Naturalness thereby refers to “the similarity of a
biocoenosis to the presumed natural state before it was affected by man” (Reif &
Walentowski, 2008, p. 64). It is relevant as most forests in Europe today have been
affected by human effects and are essentially large-scale tree plantations. Monocultural
plantations, sometimes labelled as ‘green deserts’ negatively affect the resilience of a
forest (Bravo-Oviedo, 2018) and are hence an important aspect to consider when looking
at tree species distribution. A naturally mixed species composition does, however, not
mean that there is no human interference: On the contrary, due to the high density of deer
that chew on broad-leafed tree seedlings in many German forests, “the natural
development will often revert back to spruce, even if

spruce is perhaps no longer vital everywhere”,

necessitating active intervention (representative

European Forest Institute, 2024, see Appendix Il1a).

Therefore, naturalness of tree species composition

does not refer to how species would grow without

interference, but to what extent a diversity of

different species is achieved that suits the respective

e habitats and increases environmental services: In

o general, naturalness indicators are not very
widespread. At EU level, naturalness of tree species
composition is not recorded openly. The German
federal level is more aware of this indicator, which
is used in its federal forest inventory. According to
the latest FFI 2012, 15 percent of the German forests

exhibit a composition of tree species that is ‘very

NW

© Thinen Institut

Figure 8: Share of Close-to-natural

Tree Species near-natural’ and a further 21 percent show a ‘near-

Composition (FFI 2012)  payral’ composition of tree species, with
naturalness levels being particularly high in beech
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forests and fir forests (Johann Heinrich von Thinen-Institut, 2012). However, the study
reveals little information about the geographic distribution of these forests as the
naturalness indexes are only available as aggregated values per state (Figure 8).

The only three states who publish information, albeit in a limited form, are BW, SL and
SN. In BW, a report outlines the spatial modelling of the naturalness of tree species
composition within the state-owned forests (Seebach, Michiels & Braunisch, 2020),
however the machine-readable data is not openly available. For SL, the geoportal shows
the number of trees per species for small pieces of state-owned forest land. Together with
the open biotope mapping of the state, these datasets could be used to assess the
naturalness of tree species composition. In a similarly complicated way, SN publishes
information on the natural forest community and the present species as laid out in the
section before through a system of codes (see Figure 7). This analysis shows that while
data is published on federal level, detailed data on the naturalness of tree species
composition is patchy at best, and to a large extent not openly available. A good starting
point for better coherence could be the datasets of the Thlnen Institute’s tree species
monitoring, based on Sentinel-2 observations. Given the number of trees per species in a
selected area, calculations could determine the extent of the natural composition — if
historical and climate change scenarios would be taken into account as well. This
structured information could then feed into the forest resilience analysis for the potential
EU monitoring tool.

4.2.2  Tree Species Selection Recommendation Tools

Recommendations on tree species selection are traditionally the task of local forest
authorities. However, given the intensifying effects of climate change on habitat
conditions, this task of forecasting has become more complex because the aim is to ensure
that trees are planted in locations that fulfil good growing conditions also in the future,
up to 100 years from today. To assist with species selection for specific sites, several
initiatives have been set up, which is why I have chosen to add this criterion in the analysis
(see Table 3[j]). There, | have analysed whether such public advice based on climatic
prediction models exists per region in question. According to Bentrup and Dosskey
(2022), decision support tool for tree species selection “should be intuitive to pick up and

not require relearning how to use the tool” (p. 2).

At EU level, data on tree species selection for future scenarios is available through the
EU-Trees4F dataset, however in a limited form due to the relatively undetailed resolution
of 10 square kilometres (see Figure 5). Still, it can serve as a good basis for more
accessible selection tools as a wide number of species and the whole European geographic
extent is covered. Conversely, monitoring efforts on national level give very little insights
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in this regard, yet some states have pioneered this work: The states of BW, NRW, HE,
ST and SH provide their own interactive tools for tree species selection. For instance,
with the portal ‘waldinfo.nrw’, everyone can easily select a small piece of land by
drawing on the map (see Figure 9). By choosing either a moderate climate change or a
strong climate change impact, the user is shown the predominant habitat type in the
selected area as well as the other existing location types in the area. This typification (as
shown in the map through different colours, e.g. orange or green) are based on three
different parameters: overall water balance, nutrient supply or base content of the soil and
the vegetation period, namely the number of days with > 10°C daily mean temperature
(Geologischer Dienst NRW, n. d.). The portal then recommends different species as well
as grouped species, in Figure 9 shown through the different numbers.

Arnsberg 1030  (Amsberg) X Hilfe Informationen offline-App
waldinfo.nrw

Gewabhltes Klimaszenario: maRiger Klimawandel

GesamtflachengroBe: 5,7 ha

Ergebnisse der Forstlichen Standortkarte 1:50.000 (FSK 50)

Vorherrschender Begleitender
Standorttyp Standorttyp

Flachenanteil: Flachenanteil: Flachenantel:
<25%
>75% <25%

Begleitender Standorttyp

W RN -8 B SR S o ¥
leitere empfohlene Waldentwicklungstypen - it (DOP) und Overiay-(Straen und Orte) NRW.
Hintergrundkarte Luftbild + Overiay Legende 433.814,842:5.692.446,059 ETRS89/UTM Zone 32N  1: 18.873

Figure 9: Screenshot of the Interactive Silviculture Recommendation Tool in the
‘Waldinfo.nrw' Portal

For instance, for the orange area within the red selection frame, a grouping of oak with
birch trees as well as pine trees are recommended when choosing a moderate climate
change scenario. The different colours (light blue, dark blue and violet) indicate
compatibility with the Habitats Directive, which prohibits the planting of non-native
species in protected areas. For instance, the planting of the non-native douglas fir tree (as
recommended in Figure 9 by the number ‘69”) is accordingly not allowed in protected
zones. The portal also offers the possibility to show the suitability per species for all
woodlands in the state. A representative of the European Forest Institute named the portal
a “role model”, particularly for “small forest owners” (2024, Appendix Illa). Similar
portals have been set up in other states, while some states publish more limited guidance:
The state of RLP only publishes very undetailed climate suitability maps, and in MV the
information is non-interactively contained in a PDF report, hence limiting the regional
applicability. Three states do not publish any recommendations on tree species planting.



45

To summarize, considerable data gaps have been identified through the analysis of this
indicator group of tree species distribution. However, the methodology employed by the
UFZ monitoring programme, if it were updated regularly and applied to the whole area
of Europe, could be used to quantify resilience assessments. Specifically for a meaningful
EU Forest Resilience Monitor, such information based on EO would need to be combined
with datasets indicating ideal natural compositions of tree species according to different
habitats, also considering the climatic conditions of the future. Naturalness mapping,
however, remains a major challenge for all states.

4.3 Indicator I11: Soil and water conditions

To make assessments on forest resilience, it is crucial to understand how individual
ecosystems can withstand and recover from climatic disturbances such as drought
periods. Soil and water conditions play a vital role in this assessment for several reasons:
Firstly, the availability of nutrients is required for tree growth and regeneration which
depends on the existence of soil that is rich in organic matter, minerals and
microorganisms. Here, complex relationships between decomposers and the available
biomass are still being researched (Gémez-Guerrero & Doane, 2018, p. 190). Secondly,
the soil structure and composition directly affect root support and water retention and
drainage capacities (Bronick & Lal, 2005). With climate change, forest soils are
increasingly challenged during droughts and heavy rains, which can lead to soil erosion,
hence decreasing resilience (Rodrigues et al., 2020). Furthermore, limited hydration or
changes in the water supply of a forest ecosystem can similarly put pressure on the
physiological functions of trees and other plants. In the case of droughts, groundwater
levels and the replenishment of aquifers are crucial for sustaining forest ecosystems. In
general, forests regulate water cycles, including transpiration, evaporation, and
precipitation, contributing to stable local and regional climates. Forests with good water
absorption and retention capabilities help in mitigating flood risks, protecting the
ecosystem and surrounding areas from severe flood damage (Collentine & Futter, 2018).
Forests with well-managed water resources also better withstand periods of drought,
maintaining ecosystem functions and supporting species that are adapted to variable water
availability. It is therefore important to look at soil and water conditions as interlinked
entities as good soil structure improves water infiltration and retention, while adequate
water availability enhances soil microbial activity and nutrient cycling. Yet, multiple
threats to healthy forest soils persist, such as erosion by water, wind or harvesting
activities. Anthropogenic effects also impact the soil’s organic carbon content, the
biodiversity of the soil, its compaction, and its sealing. Contamination of soils or the
salinization or depletion of soil nutrients furthermore are challenges for forest soils.
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Indicator Type Da}ta Online availability (b) Open license | Timeliness [Regular MachirTe. Accessibility, [Map Climat.e change Score Average
existence (a) (c) (d) updates (e) |readability (f) |ease of use (g) |feature (h) |scenarios (K)
EU (Copernicus Land Soil moisture Yes Yes Yes Yes Yes Yes Bad Limited e 72,22%
Monitoring Service) Land surface temperature Yes Yes Yes Yes Yes Yes Bad Limited 72,22%
. i Soil moisture Yes Yes Yes Yes Yes Yes Very limited No 80,56%
Ell’:a(r%(;pse;:\:f:es) Gl Climate variability Yes Yes Yes Yes Yes Yes Very limited No Yes 80,56%
76 bioclimatic indicators Yes Yes Yes Yes Unclear Yes Very limited Limited 69,44% 59,72%
EUSO Soil Health Dashboard* Yes Yes Yes Limited Yes Limited Good Yes 77,78%
Forest soil erosion Limited Yes No No (2006) |No Yes Bad Limited 33,33%
EU (ESDAC) Soil biomass productivity Limited Yes No No (2016) [No Yes Bad Limited No 33,33%
Soil Bulk Density Limited Yes No Yes (2024) [Unclear Yes Bad Limited 44,44%
Topsoil physical properties Limited Yes No No (2009) [No Yes Bad Limited 33,33%
National
DE (DWD) So?l moisture Yes Yes Yes Yes Yes Yes Good Yes Yes 100%
Soil temp. (5 cm) Yes Yes Yes Yes Yes Yes Good Yes 100%
DE (Waldmonitor) Water balance trend Yes Limited No Yes No No Good Yes No 50% 79%
DE (BGR) Soil water balance, root depth...  |Yes Yes Yes No (2014) |No Yes Good Yes No 66,67%
DE (UFZ2) Soil moisture, soil drought Yes Yes No Yes Yes Yes Good Yes No 77,78%
State level
BW Soil moisture Yes Yes Unclear Yes Yes No Good Yes No 55,56%
BY - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Yes 22,22%
BE Soil moisture & temp. Yes Yes Yes Yes Yes Yes Yes Yes Limited 94,44%
BB - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Limited 16,67%
HB - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Yes 22,22%
HH - Yes No n.a. n.a. n.a. n.a. n.a. n.a. Yes 22,22%
HE Soil moisture, groundwater level |Yes Yes Unclear Yes Yes Yes Good Limited Yes 83,33%
MV - Yes No n.a. n.a. n.a. n.a. n.a. n.a. No 11,11% 52,60%
NI - Yes Yes Limited Limited Limited Yes Limited Yes Yes 77,78%
NRW Soil moisure, water balance... Yes Yes Limited Yes Yes Yes Good Yes Yes 94,44%
RLP Groundwater level Yes Limited Yes No No Partly Bad Yes Limited 50%
SL Soil moisture Yes Yes Yes No No No Bad Yes No 44,44%
SN Plant-available water, Erosion Yes Yes Limited Yes Yes Yes Good Yes Yes 94,44%
ST - Yes Very limited No No No No Bad No Yes 25%
SH Water retention Yes Limited Yes No No No Bad Yes No 38,89%
TH Plant-available water Yes Yes Limited Yes Yes Yes Good Yes Yes 88,89%

Table 4: Compliance of Soil Water Information Systems with the Open Data Criteria
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The large number of challenges might be the reason why there are many different
indicators employed at various policy levels. Table 4 summarises the compliance of
different soil information systems with the Open data principles. As seen in the second
column, the analysis includes various indicators and indicator groups that are related to
soil moisture, although I was only actively searching for datasets on soil moisture and soil
temperature. The different indicator types are all in one way or another measuring
bioclimatic conditions or changes.

Institutions at EU level collect and publish large amounts of data, mostly thanks to earth
observations by the Copernicus service. It provides comprehensive and accessible
environmental data, including critical indicators such as soil moisture and land surface
temperature. Soil moisture is expressed as a percentage of available water capacity and
refers to the water remaining in a soil after it has been thoroughly saturated and allowed
to drain freely (Zimmer, 2004, p. 71). The Copernicus climate change division also
compiles secondary indicators and other datasets for climate change predictions. All these
EU products are available online under an open license; with the notable exception of
maps produced by the European Soil Data Centre (ESDAC) which must be manually
requested. Data from Copernicus is also not only timely, but also regularly updated —
almost daily. Again, at EU level, data by ESDAC is the exception which is outdated for
some comprehensive soil analyses, such as the forest erosion map which is based on data
from 2006. Still, ESDAC provides an important asset because it serves as a data pooling
point for all soil-related data which translates, among others, into the EUSO Soil Health
Dashboard, an interactive map of EU countries compiling the presence of 16 soil
degradation processes that are likely to be present, in a resolution of 500m x 500m (see
Figure 9, European Commission, n. d. [b]).

While the EU level seems like the perfect fit to

collect and publish such data in a streamlined

format for all European regions, the ease of

access is far from ideal and largely no map

services are integrated (see Table 4 [g & h]).

Still, almost all datasets are available for

download and all geospatial data can then — at

least in theory — be visualized on maps.

‘ However, this requires expert knowledge, a

e —— major barrier for the local utilization through

i e B citizens® action. Accessing forest soil data
from EU level can be a tiring task: For
instance, the data on soil moisture can only be
viewed in a very outdated legacy portal or the

Figure 10: Screenshot of the EUSO
Soil Health Dashboard
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option to download the whole datasets exists, thereby effectively hindering individual
citizens’ information access.
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Figure 11: Screenshot of the DWD Soil Moisture Viewer

precipitation data, and other information on plant-available water and water storage. On
amap, it shows the estimated soil moisture for cover with different tree species, indicating
drought stress or water oversupply/ oxygen deficiency (see Figure 11).6 DWD data is also
published under an Open data license, which is also true for the geoportal of the Federal
Institute for Geosciences and Natural Resources (BGR). Its usage is also quite easy and
many interactive maps, such as on ground water levels and the water storage capacity are
available — yet heavily impacted by being not up-to-date: Contrary to the DWD’s daily
monitor, the BGR maps service is based on climatic information from 1961 to 1990 and
on CORINE land use data from 2006. In general, however, most data on soil and water
conditions are provided timely and updated regularly, often daily. Most datasets are also
available for download in machine-readable format or are published according to the
OpenGIS® Web Map Service Interface Standard (WMS). For example, the DWD shares
almost all their datasets in an open Climate Data Center with “various spatial, temporal
and content filter functions to interactively compile a data extract from the station data
for download” (DWD, n. d.). All four identified data providers in Germany also have set
up interfaces that were coded as having a good accessibility and they all were shown with

6 The soil moisture viewer can be found online: https://www.dwd.de/DE/fachnutzer/
landwirtschaft/appl/bf view/ node.html (Last accessed May 26, 2024)
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integrated map features, explaining the high average scoring of 79 percent Open data
compliance.

Turning to the state level reveals that the data needs are mostly satisfied by the federal
data portals already and the regional monitoring stations are largely integrated into the
federal monitoring structures. This might explain why five states do not process and
publish soil and water condition datasets additionally. Still, some states are quite active
in providing additional functionalities that are targeted towards the local needs. As
regards forest resilience information needs, the soil moisture traffic light that has been
developed in SN and TH is an example of that: Thanks to hydrological modelling, it
provides up-to-date and historical information on the water content of forest soils for
representative forest locations, also indicating the average soil water level over the last
ten years for a given location (see Figure 11, Kronenberg et al., 2022). These long-term
assessments are very important in resilience quantification (Muller et al., 2016). Other
soil and water condition functionalities on state level are mostly linked to integrations to
the states’ geoportals — and these information systems generally are not as accessible,
open and up to date as the information described before. Still, information systems on soil
conditions generally comply with Open data criteria.

Re
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Figure 12: Screenshot of the ReKIS Soil Moisture Traffic Light Portal

4.3.1  Climate Change Scenarios

Table 4 also indicates whether information systems provide climate change predictions
for the soil and water conditions of the future (column [K]). These predictions can
influence the resilience of a forest, particularly if forests grow in a location in which the
conditions will be considerably changed in the future, leading to erosion or other
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detrimental effects on forest soil. These climatic forecasting calculations are also the basis
for species recommendations tools as discussed in section 4.2.2. At EU level, the
Copernicus Climate Change Atlas provides projections based on different climate change
scenarios for changes in temperature, precipitation and other key climate variables and
for multiple datasets.” According to Buontempo et al. (2022), “[w]ith over 120,000
registered users worldwide, C3S [the Copernicus Climate Change Service] has rapidly
become an authoritative climate service in Europe and beyond, delivering quality-assured
climate data and information based on the latest science” (p. 2669). Similarly, the German
Climate Atlas by the DWD shows the current deviation from historical climate records
already today with predictions for future climate variables, such as air temperature and
precipitation (DWD, 2024). Unfortunately, the climate change predictions in this federal
monitor are only shown for the maps of the states, and one cannot utilize the current
dashboard to zoom in on a detailed local context. However, nine of sixteen states have set
up their own interactive climate change information systems: For instance, an online
portal provides information on possible future climate developments in various regions
of Bavaria up to the year 2100, also for the precipitation and temperature variables.

| Kiimatische Wasserbilanz (mm]

Figure 13: Screenshot of the 'Klima NRW.Plus' Portal on the Predicted Climatic
Water Balance Changes for NRW in 2017-2100

NRW’s portal also contains even more predictions, including the mean climatic water
balance in the actual forest growing season, the groundwater recharge capacities, actual
evotranspiration, or drought sensitivity categories for forests, hence specifically tailored
to the needs of forest managers and other stakeholders (LANUV, 2024, see Figure 13).
For four states, no information systems are set up and for three only non-interactive maps

" The Copernicus Climate Atlas can be retrieved online: https:/atlas.climate.copernicus.eu/atlas (Last
accessed May 26, 2024.
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and tables on climate predictions are available. This means that for these regions only the
climate change predictors for precipitation and temperature as well as the associated
variables by the Copernicus Climate Change Service and the DWD are available.

Generally, however, the information systems for soil and water conditions on EU level,
but also within Germany, are very up-to-date and open and information on the climate of
the future are easily available — to varying degrees of granularity according to which state
is responsible. For both the states level and the federal level, the indicator group for soil
and water conditions fares best with an average of 52,6 percent and 79 percent Open data
compliance respectively. For the potential development of the EU Forest Resilience
Monitor, this means that this category needs the least institutional changes in Germany,
as most relevant data is already available openly and timely. The analysis has, however,
shown that on EU level, the provision of Open data soil indicators other than moisture
and temperature has room for improvement. Limited open licensing, outdated data and
bad accessibility are connected to ESDAC. While the EUSO Soil Health Dashboard is its
conceptualization a valuable tool also for the development of the Forest Resilience
Monitor, the non-compliance of its base datasets with Open data principles, requires
attention: In the political discussions around the Soil Monitoring Law, an integrated
approach following the Open data principles will be key. Institutions such as the DWD,
UFZ or even BGR on federal level could serve as model institutionalizations in that
regard.

4.4 Indicator 1V: Tree cover and canopy thinning

Data on the extent of forest cover refer to tree cover density, the extent of damaged
canopy, and the general assessment of tree vitality. Information on such is accounted for
on the global level through satellite observations (see Table 5). Following the
methodology of Hansen et al. (2013) which mapped the extent of global forest cover for
2010, the Global Land Analysis & Discovery lab of the University of Maryland, Google,
USGS, and NASA provide open access to the forest cover changes globally at 30 x 30m
resolution. The datasets describe the density of tree canopy coverage in terms of global
land surface. Data is continuously updated on the changes due to forest loss. Figure 14
shows a screenshot of the Global Forest Watch portal visualizing beforementioned tree
cover observations. In red shade, the extent of lost tree cover over the years 2000 to 2023
is interactively and openly available. Datasets can also be found in machine-readable
format for download. To supplement the recorded forest cover losses, Potapov et al.
(2022), provide data on forest cover gains, however with a little time lag: data is only
available for the period of 2000 to 2022.
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. Data Online Open S Regular Machine Accessibility, .

Indicator type existence () |availability (b) Iicinse © Timeliness (d) upgates © readability (f) |ease of use é) Map feature (h) [Forest Connectivity (I) Score Average
;.“-;I[ogg:llé?ansen et Tree cover loss Yes Yes Yes Yes Yes Yes Good Yes No 88,89%
;};[olz)glzél)jotapov et Tree cover gain Yes Yes Yes Yes Yes Yes Good Yes No 88,89%
Global 86,11%
(Turubanova et al., | Tree height changes Yes Yes Yes Yes Yes Yes Good Yes No
2023) 88,89%
EU (Copernicus) [Tree cover density Yes Yes Yes Limited Unclear Yes Good Yes Limited (2015) 77,78%
National level
DE (UFZ2) Forest co'ndition Limited Yes No Yes Yes No Good Yes No o

anomaly index 61,11%
DE (Waldmonitor) |Forest vitality trend Yes Yes No Yes Yes No Good Yes No 66,67% 48,61%
DE (FCS/Thiinen) |Canopy thinning Limited Limited No Yes Yes No Limited Very limited No 41,67%
DE (BfN) Habitat connectivity  |Yes Limited No No No No Bad Very limited Limited (2012) 25%
State level
BW Mean canopy thinning [Limited Limited No Yes Yes No Bad Very limited Limited (2013) 47,22%
BY - Yes No n.a. n.a. n.a. n.a. n.a. No Very limited 13,89%
BE - Yes No n.a. n.a. n.a. n.a. n.a. No No 11,11%
BB - Yes No n.a. n.a. n.a. n.a. n.a. No No 11,11%
HB - Limited No n.a. n.a. n.a. n.a. n.a. No No 5,56%
HH - Limited No n.a. n.a. n.a. n.a. n.a. No No 5,56%
HE - Yes No n.a. n.a. n.a. n.a. n.a. No Limited (2009) 16,67%
MV - Yes No n.a. n.a. n.a. n.a. n.a. No Limited (2002) 16,67%
NI - Yes No n.a. n.a. n.a. n.a. n.a. No Limited (2015) 16,67%| 34,20%
NRW Tree c9ver density, Yes Yes Limited Limited Yes Yes Good Yes Yes (2021)

calamity areas 88,89%
RLP - Yes No n.a. n.a. n.a. n.a. n.a. No Yes (2024) 22,22%
SL - Yes No n.a. n.a. n.a. n.a. n.a. No Limited (2009) 16,67%
SN Vitality changes Yes Limited Yes Yes Yes Yes Bad Yes Yes (2013) 83,33%
ST - Yes No n.a. n.a. n.a. n.a. n.a. No Limited 16,67%
SH Forest cover changes |Yes Yes Yes Yes Yes Limited Good Yes Very limited (2001) 86,11%
TH Vitality changes Yes Limited Yes Limited Yes Yes Yes Yes Yes (2015) 88,89%

Table 5: Compliance of Canopy Information Systems with the Open Data Criteria and the additional Capabilities of Forest Connectivity
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Furthermore, Turubanova et al. (2023) provide additional data on the height changes in
tree canopy cover in Europe for the years 2001 to 2021, also accessible via the Global
Forest Watch portal. However, also the EU is engaged in monitoring and mapping global
forest cover through its Copernicus Land Monitoring Service: High Resolution Tree
Cover Density data are available for the years 2012, 2015 and 2018, including data on the
forest cover changes between these years, most recent data even available in 10 x 10m
resolution (European Environment Agency, 2020b). While the data is not as up to date as
the beforementioned datasets, the tree cover detection on EU level is still very useful. For
instance, contrary to the soil and water condition mappings, the tree cover dataset is
accessible via the Copernicus data viewer and hence easy-to-use.
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Figure 14: Screenshot of the Global Forest Watch Map on Tree Cover Loss
(Hansen/UMD/Google/ USGS/NASA, accessed through GFW)

Additionally, maps are provided on German federal level. These yield more detailed
information, such as the Forest condition anomaly index provided by the UFZ. In a timely
and accessible way, it shows deviations of forest conditions from long-term observations
since 2016, indicating positive as well as negative forest canopy anomalies, based on
Sentinel-2 data (UFZ, 2024). The analyses are particularly relevant as they depict
anomalies yearly, seasonally or even monthly, and the assessments can help to assess
forest resilience in general. Similar information can be retrieved from the Waldmonitor
which shows a forest vitality index, indicating damage events/wood removal in red and
vitality improvements in green. Its analysis is also based on Sentinel-2 observations
(Naturwald Akademie gGmbH, n. d.). In the official German Forest Condition Surveys,
you can also find data on the extent of canopy thinning, however only in the form of PDF
reports. The extent of canopy thinning is based on data from over 420 sample grids that
are representative for the most important tree species in the country (Johann Heinrich von
Thinen-Institut, 2024).
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The results of these official statistics are, however, only limitedly accessible online as
only aggregated values without a clear geospatial connection are disclosed, e.g. only
aggregated values for the extent of canopy thinning per species per state. This does not
disclose where the most harmed regions are exactly. Furthermore, none of these services
are indicated as Open data. This has to do with the fact that this information is simply a
collection of datasets collected at state level.

Here, while international reporting structures through satellite observations clearly show
the data existence for all states, additional forest cover mapping by the state authorities is
rare or not openly available: Only two states publish their data on forest cover. All other
states simply publish annual reports on the state of forests. These reporting obligations
are mostly covered by sample surveys that yield information on the average percentages
of tree cover damages, such as canopy thinning. Due to the reliance on sample sites only,
there is no complete geospatial information. In terms of coordination among the Lander,
a common indicator for assessing the forest conditions has been agreed upon, namely the
percentage of significantly damaged trees on the basis of canopy assessments with the
following damage levels: 0=undamaged, 1= slightly damaged, 2= moderately damaged,
3= severely damaged, 4= dead. Referring to level 2 and higher, these values, based on the
annual state reports on forest conditions, make up the harmonized forest condition
indicator in Germany (LiKi, 2023, see Figure 15). How individual states draw up these
values is, however, based on observations in sample sites that do not serve well the needs
of a seamless forest resilience monitoring system that refers to all forests.
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Figure 15: Percentage of Significantly Damaged Trees of Level 2 and Higher
(combination damage level 2-4), (Source: LiKi, 2023)
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Among the states, SH stands out with forest cover data available: In SH, based on
Copernicus data, forest areas and their changes in the state were detected and displayed
on maps using Artificial Intelligence (Schmidt, 2021). The results can be interactively
viewed in the state’s geoportal. Similarly, the ‘waldinfo.nrw’ portal in NRW, integrates
the EU's Copernicus Tree Cover Density Monitor and in SN the results of the monitoring
of damaged areas based on Sentinel-2 data can be accessed by all citizens in the state’s
geoportal. In TH, the forest cover analysis is connected to the data on tree species
distribution as discussed in section 4.2.1 and as shown previously in Figure 7: Here, the
state-wide forest condition survey was condensed to a 4 x 4km grid and harmonized to
show the results in a timely and open way in the state’s geoportal. The meaningfulness of
that is, however, only limited as the data is restricted to the sample sites and not available
for all forest areas.

In general, annual reporting duties for all states on the extent to which forest cover is
damaged, the results are largely not openly available. This is in line with the statement by
the representative of the forest agency in Brandenburg who mentioned that the
phenomenon of non-published data occurs “en masse” in Germany (2024, Appendix
I11b). Eleven of 16 states do not publish the extent of forest cover or canopy thinning as
a map-based service and every state faces some limitations, regarding either timeliness,
accessibility or the availability of machine-readable data.

4.4.1 Forest Connectivity

As an additional indicator, | have included the availability of forest connectivity
information in this regard. Information on the fragmentation of forest ecosystems is
important as the dissection of landscapes, e.g. by streets, residential areas or other human
structures, effectively limits the ability of forests to produce ecosystem services and
depreciates their resilience. It also has negative effects on the accessibility of habitat for
different species, hence negatively affecting biodiversity. This makes connectivity “an

important element of resilience when managing ecosystems” (Craven et al., 2016, p. 506).

In this field, the Effective Mesh Surface Index has emerged as a parameter with high
potential for analysing and evaluating the fragmentation of landscapes (Oehmichen &
Kohl, 2006). For Germany since 2000, a report by the BfN indicates a “spatially
differentiated increase in fragmentation” (Walz, Schumacher & Kriiger, 2022). The
assessments are largely based on the definition of large, unfragmented and open areas for
habitats of a size of over 100 km2 or 50 km? (Lassen, 1990). On this basis, the availability
of such information on the respective policy levels is shown in column (I) of Table 5: On
EU level, the EEA published an assessment of the effective mesh density and the
corresponding connectivity assessments for European landscapes in 2015 (see Figure 15).
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While the dataset is easily accessible and openly usable, potentially for an EU forest
resilience monitor, the data takes not into account the newest available details: In the last
9 years, much infrastructure was possible added, contributing to an even higher
fragmentation of forest landscapes. However, this could serve as an additional factor to
take into account when designing the EU Forest Resilience Monitor.

On the federal level, the
network of forest habitats was
surveyed in 2012 by the BfN
and priorities for connecting
habitat corridors were

Fragmentation 2009, 2012, 2015

Legend

Fragmentation_2015_mesh_de

developed on the basis of supra-
regional road network. Yet,

since then no more updates have

Fragmentation_2012_mesh_de
nsity

been published on federal level.
¢ The engagement of the Lander
in providing such maps is
different from state to state:

Figure 16: Screenshot of the EEA’s Measure of four states do not publish any

Effective Mesh Density on Landscape jnformation on that, and most
Fragmentation in Europe (2015) other datasets are even more

outdated than the EEA’s or

BfN’s maps, e.g. the information provided by the state of SH is from the year 2001.
Positive examples come from NRW which publishes the data from 2021 in a dedicated
web portal;® and from RLP where a map is available from the year 2023, referring to

undissected, low-traffic areas.

In general, for data on tree cover, canopy thinning and connectivity of ecosystems, very
good information systems on the global level are set up that comply with the Open data
principles. However, the analysis of the German perspective showed some grave Open
data inconsistencies. Here, the institutionalized Forest Condition Surveys focus on sample
sites to measure the vitality and the extent of canopy thinning; but it is now possible with
EO technologies to monitor all areas and supplement this information with in situ
information. Yet, Germany seems to be unwilling to give up path dependencies on how
forest monitoring is decentralized and organized among different stakeholders. The focus
of forest information systems on federal level is not tree cover and tree cover loss, but
more specifically the analysis of forest condition anomalies: The UFZ forest monitor is a

8 Information on undissected low-traffic areas in North Rhine-Westphalia can be found on this dedicated
website: https://uzvr.naturschutzinformationen.nrw.de/uzvr/de/start (Last accessed May 27, 2024).
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good example of how EO technology can be integrated in forest monitoring.
Unfortunately, this data is not fully integrated into forest monitoring processes.
Restrictions exist in the provision of machine-readable data and open licensing which
limits the further utilization of the information, e.g. in a potential EU Forest Resilience
Monitor. On state level, the analysis has shown that despite annual reporting duties for
all states, data on the extent of forest loss and forest vitality loss is rarely openly available
and most information is compiled in PDF reports based on sample site results. Hence the
state level was assessed with a low Open data compliance score of on average 34,2
percent while on global level all Open data criteria were fulfilled. The only aspect that is
so far not taken into account here is the connectivity of ecosystems: on EU level, however,
some assessments on the mesh density are available which could be integrated into
resilience assessments.

4.5 Indicator V: Carbon Sequestration Capacity

The last indicator group refers to the capacity of forests to sequester carbon. In this regard,
NFIs are relevant as they contain information on the growing stock of a forest (in timber
volume in m%ha), or other biomass assessments. For woody matter such as stems,
branches and roots the carbon share is about 50 percent, “which consists mainly of
polysaccharides such as cellulose, lignin and hemicellulose” (Lamlom &Savidge, 2003;
McGroddy et al., 2004; as cited in Neumann et al., 2016, p. 398). Generally, four classes
of carbon storage in a forest can be distinguished: living biomass above and below
ground, deadwood, mineral soil and litter cover (Klein et al., 2013). Via photosynthesis,
carbon dioxide is removed from the atmosphere and bound as carbon in the biomass, such
as the tree stems. Dead biomass supplies deadwood and the litter layer which
subsequently create the mineral soil reservoir via humus formation. Through natural
processes such as microbial respiration, forests can release carbon back into the
atmosphere. This slow process is however most evident when wood is burnt. In that case,
bound carbon is released. Yet in Europe, the carbon sequestered by forests has steadily
increased over the last 50 years thanks to new silvicultural management strategies and
multi-purpose forest policies (Ciais et al., 2008). The carbon storage potential is thereby
impacted by tree species or different habitats. Often overlooked are the so-called
substitution effects that occur through the use of long-lived harvested wood products, as
carbon remains stored in wooden furniture for instance (Bosch et al., 2017). Based on
investigations in Bavaria (BY), the carbon sequestration of one hectare forest in a suitable
habitat makes up about 6.5 t CO? per year which can be compared to the annual emissions
of about 1 to 2 persons living in BY (Klein et al., 2013, p. 63). According to the 2017
federal carbon forest inventory, 1.264 Mio. t of CO? is sequestered in all forests in
Germany (Riedel et al., 2019, p. 16). These calculations are done for the reporting duties
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under the Kyoto protocol; and numbers might be even higher as only the top humus soil
and the 30cm of the mineral soil below are considered in the inventory. Yet, the forest
soil can go down to a depth of 90cm, including the humus layer (BMEL, 2024). This
underlines the big potential of forests in fighting global warming. According to Mo et al.
(2023), reforestation and restoration of degraded as well as the sustainable forest
management could make available an additional 226 gigatonnes of carbon for
sequestration globally. Biomass and carbon assessments are also closely linked to timber
extraction and can serve as a proxy measurement. In Germany, timber extraction
amounted to a total of 70.6 million cubic meters in the year 2023, 10.3% lower than in
the previous year with 78.7 million cubic meters (Destatis, 2024). A bit more than half of
logging was due to forest damage, but more generally timber extraction has been
decreasing since 2020.

Turning to the analysis of information systems concerning carbon storage in forests, the
detailed assessment can be found in Table 6. As shown in the second column, the indicator
types encompass a range of measurements for evaluating forest carbon, including
aboveground biomass and gross stock, which measures the total volume of timber or
wood resources. Additionally, GHG emissions and carbon removals are tracked,
alongside net flux, which indicates the balance between carbon emissions and absorption.
Another crucial indicator is biomass density, reflecting the concentration of biomass in a
given area. Soil carbon stock measures the carbon stored in soil, and carbon sequestration
assesses the process of capturing and storing atmospheric carbon dioxide. These
indicators are assessed in order to gain a comprehensive understanding of forest carbon
dynamics, enabling informed policy-making and effective forest management practices.
On average, the international/EU level sees the highest rates of accordance with the Open
data principles (64 percent), with considerable Open data violations on German federal
and state level. Particularly for the latter, carbon monitoring is still quite limited.

Globally, the availability of forest carbon assessments varies significantly across different
organizations and platforms. The UN Economic Commission for Europe (UNECE), in
collaboration with the Food and Agriculture Organization (FAQO), publishes aggregate
values for aboveground biomass, growing stock, and wood removals. This data,
accessible through the UNECE/FAO website, is user-friendly and allows for easy
comparison between countries and regions, although it lacks a geospatial component and
is hence not suitable for map-based information needs.



5

9

. . Online availability |Open license - Regular Machine Accessibility, ease of |Map feature
Indicator type Data existence (a) () y (c;) Timeliness (d) upgates © readability (f) use (g) ty ) p Score Average
Abovegr. biomass, Gr. stock, Wood
UNECE/FAO removals Limited Yes Yes Yes (2020) Yes Yes Good No 81.25%
GHG emissions, carbon removals, GHG
GFW (Harris et al., 2021) [net flux Yes Yes Yes Yes ('01-'23) |[Yes Yes Good Yes 100%
Abovegr. Live Woody Biomass Density Yes Yes Yes No (2000) No Yes Good Yes 75%
NASA Abovegr. biomass density Incomplete Yes Yes Yes ('19 - '23) Yes Yes Good Yes 87,50%
EU (ESA/FCM) Abovegr. biomass, Gr. stock volume Yes Yes Yes Yes (2021) No Yes Good Yes 87,50% ouee
Carbon sequestration Yes Yes Yes No (2012) No Yes Bad Very limited 53,13%
Abovegr. biomass Yes Yes No No (2006) No Unclear Bad Very limited 28,13%
EU (EC-JRC) Above and below-ground carbon Yes Yes No No (2006) No No Bad Very limited 31,25%
EFA FRA CBM Data Yes Yes Yes Yes ('00 - '19) Unclear Yes Bad No 62,50%
Biomass density Yes Yes Yes No (2010) No Yes Bad No 50%
National level
DE (FFI/Thinen) Abovegr. Biomass with sub-indicators Yes Yes No No (2012) Limited Limited Limited Limited 50%
Soil carbon stock Yes Yes No No (2006) Limited Limited Limited Limited 50% An%
. Growing stock, carbon sequestration
DE (GGI/Thanen) (ager.) Yes Limited No No (2017) Limited Limited Bad No 31,25%
State level
BW Soil carbon stock Yes Very limited No No (2008) No No Bad Very limited 18,75%
BY Soil carbon stock Yes Very limited No No ('06 - '09) No No Bad Very limited 18,75%
BE Above and below-ground carbon Yes Very limited No No (2010) No No Bad No 15,63%
BB Above and below-ground carbon Yes Very limited No No (2010) No No Bad No 15,63%
HB n.a. Yes No n.a n.a. n.a n.a. n.a. n.a. 12,50%
HH n.a. Yes No n.a n.a. n.a n.a. n.a. n.a. 12,50%
HE n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
MV n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
14,26%
NI n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
NRW n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
RLP Soil carbon stock Yes Very limited No No ('06 - '07) No No No No 15,63%
SL n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
SN Carbon content top soil Yes Very limited No No ('12 - '14) No No No No 15,63%
ST n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
SH n.a. Yes No n.a. n.a. n.a n.a. n.a. n.a. 12,50%
TH Carbon content biomass Yes Very limited No No (2010) No No No No 15,63%

Table 6: Compliance of Forest Carbon Information Systems with the Open Data Criteria
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More useful for local context analysis is data available on the Global Forest Watch portal
which is based on research by Harris et al. (2021), The platform offers comprehensive
data on forest GHG emissions, forest GHG net flux, and forest carbon removals for the
years 2001 to 2023. It also provides an assessment of aboveground live woody biomass
density, referring to the base year 2000. All these datasets are available in a machine-
readable format with an open license, also providing automated geographical analyses
(see Figure 16) and the option to keep updated on regions of interests — users are notified
when changes in the respective forest region are recorded. While the data for aboveground
live woody biomass density from GFW is outdated, a new monitoring regime by NASA
provides recent data from 2023. This data offers a high resolution of 1 x 1 km, although
it is limited to regions south of latitude 52.00, excluding areas in Northern Europe, hence
its usefulness is rather low for an EU forest resilience monitor.
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Figure 17: Screenshot Forest GHG Emissions View of the Global Forest Watch

Portal

At the EU level, significant efforts have been made to report and monitor carbon data
through organizations like ESA and the Joint Research Centre (JRC) of the European
Commission. The ESA's Biomass Climate Change Initiative (Biomass_cci) has produced
global datasets of forest above-ground biomass for the years 2010, 2017, 2018, 2019, and
2020, derived from a combination of earth observation data. These raw datasets are
openly available. Complementing this, the EU-funded 'Forest Carbon Monitoring Project'
has created an accessible prototype for carbon data mapping, providing an interactive and
easy-to-use map that includes above and below-ground biomass, a biomass decrease
mask, and data on the growing stock for 2020 and 2021, which can be easily viewed,
downloaded, and used without restrictions. Figure 18 depicts the map view, easily making
the zones visible where clearance considerably diminished a forest’s carbon sequestration
potential.
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Figure 18: Screenshot of the Biomass Decrease Mask of the Forest Carbon

Monitoring Project

Additionally, the JRC has published numerous datasets, such as the reported carbon
sequestration capacities of 2012 by forests and woodland for the LULUCF statistics,
integrated into an estimated 1 x 1 km grid cell mapping (Vallecillo et al., 2019); a map of
living forest above-ground biomass following the IPCC Tier 1 method based on data from
2006 (European Commission, 2014a); a map that combines above and below-ground
biomass and carbon stocks following the same methodology, also with data from 2006
(European Commission, 2014b); and a dataset that contains information on growing
stock, increment, and removals of the EU for the years 2000 to 2019, which is part of a
Carbon Budget Model but lacks a geospatial component for mapping (Pilli, 2021). Lastly,
there is a forest biomass density map available at 100m resolution for the year 2010
(Avitabile, Pilli & Camia, 2020). The primary issues with these datasets are their outdated
nature and their inaccessibility to non-expert users. Therefore, the EU's investment in the
'Forest Carbon Monitoring Project' is commendable, as it enhances public accessibility
and usability of carbon data. Generally however, data provided on the GFW portal is more
accessible and up to date.
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Figure 19: Screenshot of the Thinen-Atlas on Carbon Stock of Tree Biomass

Availability of forest carbon assessments in Germany on federal level is connected to the
Thiinen Institute which is generally responsible for accumulating forest data on the
federal level in the frameworks of the FFI and the Greenhouse Gas Inventories (GGI).
Corresponding to the FFI, Thiinen Institute provides a map of the carbon stock of forests
in tons/hectare for 2012, including changes to the year 2002 when the FFI was carried out
before (see Figure 19). The results of the current survey are currently being assessed but
will only be published later this year. The mapping provides for viewing and accessing
data also for carbon stored only in trees (coniferous and/or broadleaved trees), deadwood,
as well as for carbon in soil (data only from 2006). Unfortunately, the datasets only
contain information on aggregate values for forest landscapes and do not contain more
geospatial details. Datasets are also not all available in the corresponding data portal
bwi.info and more specific carbon statistics would need to be manually requested at the
Thinen Institute — clearly violating Open data principles. In terms of the GGI data, the
data is provided in the same inaccessible web portal, however with no map functionalities
available, yet a bit more recent with data from the year 2017. Datasets refer to the growing
stock and the change thereof, the wood increment and timber harvesting, as well as data
on deadwood. These in situ observations based on sample sites can be more accurate than
assessments based on data collected through EO technology. These official statistics are,
however, only available as aggregated values per state and hence not very helpful for a
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potential EU Forest Resilience monitor which requires detailed geospatial information.
For these federal datasets, the same restrictions in terms of Open data principles apply as
mentioned before. Accordingly, information on the capacity of forests to store carbon is
hardly openly available openly through institutions at the federal level. Even more scarce
is the situation in the Lander where only seven states provide some information online,
all classified as ‘very limited’. None of these are machine-readable, published under an
open license, up-to-date or are easily usable. Most information is restricted to reports that
show local trends and are connected to model projects or sample data collection sites.

To sum up, carbon sequestration assessments are most effectively carried out on an
international scale, as EO technology can take on this task quite well. Here, Open data
criteria are fulfilled and relatively recent data is available — yet not in NRT. The same
applies to the European Commission which has set up its own forest cover mask and
projects in forest carbon mapping. Here, Open data challenges persist, particularly on
terms of timeliness and ease-of-use. Germany faces even bigger restrictions and datasets
cannot be considered as openly available. The latest data by the Thinen Institute is from
2017 and only limitedly available. Even more restrictions apply for the states whose
involvement in carbon quantifications from forests are even more limited.

4.6 Summarized results: Open data Compliance Analysis

Firstly, bird monitoring across Europe revealed a mixed picture in terms of Open data
compliance. While overall compliance is highest at EU level, the EU itself is not directly
involved in data collection processes. Instead, data is collected by the Lander, which
generally exhibit low Open data compliance, scoring only around 25%. These states
report their data to the federal level (BfN), which subsequently distributes the data to the
EU level. As there is no mechanism for states to provide their data directly to the EU in
NRT, the reporting process is hampered by time lags. Moreover, there is limited
knowledge about bird populations in non-protected zones, such as forests under general
management, as reporting obligations mostly exist for protected Natura 2000 zones and
are based on sample plots. The development of an EU Forest Resilience Monitor, which
includes bird biodiversity as one of its indicators, faces significant challenges under the
current system. Although the existing EU indicator on richness of forest-related species
is a good fit, it requires more frequent updates: Individual Lander should be enabled to
share their data directly with the European Commission through a pan-European
monitoring system. Furthermore, integrating general observation data from portals such
as ‘ornitho’ could enhance the timeliness and comprehensiveness. As it stands, bird
biodiversity indicators are not well-suited to represent NRT data on forest biodiversity.
This inadequacy limits accurate forest resilience quantifications.
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Secondly, information systems on the actual distribution of different tree species are
generally heavily restricted by Open data violations. Information systems on EU level are
so far not capable of showing the occurrences of tree species based on satellite data alone
and this analysis is here limited to the distinction between coniferous and broad-leafed
trees. In Germany, datasets by the Thinen institute and the associated map make the
dominant species class of nine trees visual and available in machine-readable format,
however the map does not include the changes after the 2018 drought and is therefore not
yet fit for NRT monitoring. The Lander themselves are quite reluctant to make available
tree species distribution maps openly, but good practices include NRW & the city tree
portal of Berlin as well as the geoportal in TH with limited accessibility. These datasets
could feed into an EU Forest Resilience Monitor directly. To make a meaningful impact
within such a monitor, data on the actual distribution would need to be combined with
ideal states of natural composition, also considering the climates of the future. Efforts to
prepare forest ecosystems for the climatic challenges of the future are, however, present
in most states in Germany, often through specific tree species selection tools. The
underlying analyses could be used to establish the ideal naturalness targets.

Indicators in the field of soil and water, the third indicator group of this study, are widely
implemented and ready to utilize in the scope of a potential EU Forest Resilience Monitor,
although more specific datasets, such as on erosion or soil densities require a more
structural and accessible approach, ensuring better timeliness. This should be targeted in
the discussions surrounding a European soil monitoring law in the next EU legislature.
Meanwhile, geohydrological datasets follow the Open data principles quite well in
Germany both on the federal level and in the states, scoring high average values compared
to the other indicator groups. Good examples include the DWD’s ‘Climate Data Center’
with a wide range of open datasets, and regionally implemented projects such as the soil
moisture traffic light. Particularly relevant in this context is also the wide availability of
climate adaptation portals or scenario forecasts that have been developed all over
Germany, indicating the climatic conditions of the future in a regional context. Dramatic
regional changes in temperature and precipitation directly influence the resilience of
forest ecosystems and hence must be considered when designing a coherent monitoring
system.

Table 7 shows all the scores in a synthesized view, indicating Open data compliance best
at EU level, and lower compliance rates at German federal level, with notably good scores
by the states of NRW, SN and TH overall.
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Bird Species Occurrence Tree Species Distribution |Soil Water Conditions [Canopy Cover Carbon Sequestration |TOTAL AVERAGE
Score Average Score Average Score Average Score Average |Score Average

EU 60,88% 55,00% 59,72% 86,11% 64,00% 65,14%
DE | — | s625% | — | 4563% | — | 7900% | — | 4861% | — | 44,00% 54,70%
State level

NRW 43,75% 70% 94,44% 88,89% 12,50% 61,92%
SN 81,25% 15% 94,44% 83,33% 15,63% 57,93%
TH 12,50% 65% 88,89% 88,89% 15,63% 54,18%
BE 19,53% 75% 94,44% 11,11% 15,63% 43,14%
SH 37,50% 20% 38,89% 86,11% 12,50% 39,00%
RLP 46,88% 47,50% 50% 22,22% 15,63% 36,45%
NI 37,50% 37,50% 77,78% 16,67% 12,50% 36,39%
HE 21,86% 37,50% 83,33% 16,67% 12,50% 34,37%

25,00% 35,78% 52,60% 34,20% 14,26%

BW 25% 22,50% 55,56% 47,22% 18,75% 33,81%
HH 25% 62,50% 22,22% 5,56% 12,50% 25,56%
SL 6,25% 37,50% 44,44% 16,67% 12,50% 23,47%
ST 18,75% 20% 25% 16,67% 12,50% 18,58%
BY 12,50% 25% 22,22% 13,89% 18,75% 18,47%
MV 18,75% 12,50% 11,11% 16,67% 12,50% 14,31%
BB 0% 15% 16,67% 11,11% 15,63% 11,68%
HB 0% 10% 22,22% 5,56% 12,50% 10,06%

Table 7: Synthesized Open Data Compliance Scores
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In terms of tree cover and vitality, also regional discrepancies in Open data provision
were detected. Global tree cover and ecosystem monitoring systems adhere to Open data
principles, but Germany's approach shows significant inconsistencies. While global
systems leverage EO technologies for comprehensive monitoring, Germany still largely
relies on traditional, decentralized Forest Condition Surveys focusing on sample sites,
limiting data integration and accessibility. Despite tools like the UFZ forest monitor,
Germany's forest monitoring data is not fully integrated or openly licensed, hindering
broader utilization. At the state level, annual reports on forest loss and vitality are often
limited to non-machine-readable PDF formats, resulting in low Open data compliance
(34.2%). While global data sets, like Hansen et al.'s forest change data and Copernicus's
Tree Cover Density data, are ready for integration into an EU Forest Resilience Monitor,
German state-level data remains underutilized. Improved Open data practices could
enable matching local sample data to broader forest conditions, enhancing resilience
monitoring efforts.

Finally, the analysis of information systems in the field of carbon storage revealed that
the global level is already carrying out carbon quantification assessments on forests
according to the Open data criteria. This means that data is available for a potential EU
Forest Resilience Monitor already, with a few restrictions in terms of timeliness. More
local assessments of the carbon capacity in the German states are very outdated and not
very helpful; and the carbon assessments on federal level are also quite unfit for the task
of geospatial forest monitoring. Here, also a number of Open data violations have been
observed. Still, EO technology and the EU’s capacities in that regard could be integrated
in a resilience monitor, taking into account the findings of the Forest Carbon Monitoring
Project.

Based on this extensive analysis, the initial part of the research question, namely to what
extent data on forest resilience in forest information systems in Germany is publicly
accessible, can be answered: The extent to which Open data compliance is achieved varies
across different regions and indicator groups. In terms of regions, forest information
systems provided on EU level or by international organizations score best on all indicator
groups, except for soil and water conditions. Here, the federal level scores better. On
average, the states have the lowest scores concerning Open data compliance. Forest
information systems in NRW and SN, however, score on average better than the federal
level (see Figure 19). In terms of indicator groups, open data compliance has generally
not reached its full potential across all indicator groups, with particular limitations in the
biodiversity areas of bird monitoring and tree species distribution, with the best values
scoring only around 61 percent and 55 percent respectively.
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Figure 20: Visualization of the Open Data Compliance Scores

Before discussing these findings in the context of the design and the establishment of an
EU Forest Resilience Monitor, more findings on the German case can be summarized that
go beyond answering the initial research question: Firstly, good practices of open forest
data monitors are already implemented, e.g. through the ‘Waldinfo.NRW’ portal on state
level, the DWD ‘Climate Data Center’ on German federal level or ESA’s Biomass
Climate Change Initiative on European level. Secondly, discrepancies in Open data
provision are structural as the German states are responsible for most forest policies and
they manage most forest information systems. Thirdly, Germany relies on traditional
forest condition surveys carried out independently by the Lander which focus on sample
sites. EO is only integrated into these monitoring duties in patches across states. The
following section will explore in detail what these findings mean for the potential
development of an EU Forest Resilience Monitor.
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5 Discussion

The discussion section sets the findings from the Open data compliance assessment into
perspective in line with the second part of the research question, focusing on how
shortcomings of open accessibility could be overcome, and what sort of European Forest
Resilience Monitor could be established. Therefore, I will start by briefly discussing the
desirable functionalities and target user groups of such a tool. Having established such a
vision, | discuss the repercussions of the analysis of the German case for the monitor in
more detail. Specifically, I turn to the specific data sources in the five analyzed indicator
groups, and how they could interact. Finally, I will more broadly discuss the structural
governance components of Open data violations in the forest policy field, turning to the
EU, the federal and the states level. From my findings, | aim to give some practical
recommendations on how Open data compliance could be enhanced respectively.

5.1 Functionalities and Target Groups of an EU Forest Resilience Monitor

Assuming that the technological artifact of the monitoring tool was to include the five
indicator groups described in this thesis, functionalities could include a range of features.
The monitor could show birds, and potentially other animal taxa, present in an area,
indicating whether abundance is decreasing or increasing and laying out potential reasons
for negative developments. On a policy-making level, it could inform better
environmental conservation strategies, identifying important migratory routes of fauna
and flora, connecting habitats and species while considering future climatic projections.
This could be better achieved as an Open data monitor lays bare the degree to which
climate change and human land use already affect our forests today, increasing
transparency and allowing the public to act as watchdogs for the successful
implementation of ecosystem restoration projects. The monitor could also include
specific advice for forest owners, such as recommendations on tree species or other site-
specific recommendations for increasing the water retention potential of soils to avoid
erosion effects Europe-wide and identify forest areas where specific management could
help to minimize flood risks. Additionally, the forest resilience monitor should more
generally serve educational purposes for the local population, giving them knowledge
about their nearby forests. If local citizens are well-informed about the challenges in
neighbouring forests, they will be more active in community exercises such as the
planting of seedlings or watering efforts during drought periods, contributing to forest
resilience. In terms of tree cover and vitality, the monitor could offer actionable insights
for active management to increase the health and vitality of forest ecosystems.
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Furthermore, Open data is already playing a role in uncovering environmental crimes
through the actions of dedicated NGOs. However, an easily usable monitor would make
the instruments to detect such practices available to everyone. Timber extraction and
harvesting interests can be united with sustainable management if only selected trees are
extracted and trees are left behind that can quickly rebuild a resilient forest ecosystem
(Interview with representative European Forest Institute, 2024, Appendix I11a). However,
the extent of nature exploitation, for instance by furniture giant IKEA, is often unknown
and requires intensive media work, for instance by a TV documentary last year (ARTE
DISTRIBUTION, 2023). With a Forest Resilience Monitor, the mass cutting through
large-scale silviculture operations could more easily be made public, adding to such
communication efforts. Finally, functionalities could include the monitoring of the carbon
budgets set out in the legislation of the EU’s Green New Deal, indicating which forests
are best suited for implementing management decisions that lead to a better carbon
sequestration capacity, as increasing the carbon stock requires active management. Such
a monitor would also provide a better overview of local timber and biomass availability,
which is essential for meeting the future demands for heating or use in bio carbon fuel.
By incorporating these functionalities, such tool could enhance forest resilience through
greater public engagement and transparency.

The EU Forest Resilience Monitor could serve a diverse range of stakeholders, with
citizens and local communities being primary users. Local communities and citizens
could benefit from the monitor, if accessibility was a major focus in the design process.
The final tool could be utilized to gain increased awareness and education about nearby
forests, biodiversity, and the importance of sustainable forest management. Community
groups could engage in local conservation efforts, directly contributing to forest
resilience. Policy makers and government agencies at both the EU and national levels
would also be significant users. Based on the openly shared input data, they could utilize
the monitor to ensure compliance with environmental regulations, assess the effectiveness
of current forest management policies, and make informed decisions about future
legislative measures. Local forest authorities could use the monitor for planning and
implementing localized forest management strategies and conservation projects. Public
and private forest managers could receive site-specific recommendations for sustainable
practices, while private forest owners would have access to practical advice on tree
species selection, soil and water management, and carbon sequestration techniques. This
is particularly relevant in the context of largely fragmented ownership (Interview with
representative BrandenburgForst, 2024, Appendix Illb). Environmental organizations
and NGOs could leverage the monitor to track biodiversity changes in species populations
and identify critical habitats and migratory routes or uncover and report environmental
crimes, advocate for policy changes, and engage in ecosystem restoration projects.
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Researchers could find the monitor an essential tool for accessing comprehensive data
needed for studies on forest resilience, climate impact, and biodiversity. Potentially, also
business and industry stakeholders, particularly those in the timber and biomass
industries, could even benefit and use the monitor to ensure sustainable harvesting
practices and to plan for future biomass needs. Sustainable business initiatives could
integrate forest resilience data into their sustainability strategies and corporate social
responsibility programs, such as the existing licensing schemes such as FSC or PEFC.
Lastly, educational institutions could employ the monitor as a teaching tool to educate
students about forest ecosystems, biodiversity, and environmental stewardship. By
serving these diverse user groups, with a primary focus on citizens and local communities,
the EU Forest Resilience Monitor would play a critical role in enhancing sustainable
forest management and increasing forest resilience.

5.2 Potential Data Inputs for an EU Forest Resilience Monitor

Following the data flow for an interactive web-based NRT forest monitoring system
(Pratihast et al., 2016), as introduced in the theoretical background section, data sources
for the potential EU Forest Resilience Monitor can be based upon EO imagery input and
on direct observations, be it through systematized surveys or through decentralized
citizens observation inputs. In the following, I discuss the potential data inputs for a forest
resilience mapping tool, based on the findings of the analysis on the five indicator groups.

For the biodiversity component, trends on the abundance of a range of species indicate
increasing or diminishing resilience of specific ecosystems. The EEA’s richness of forest-
related species and habitats indicator would be an ideal data input, however major time
lags and information limitations in terms of non-protected zones limit its meaningfulness.
Still, EUNIS and the Natura 2000 information systems, that are the basis for the
beforementioned indicator, provide an important source for the EU Forest Resilience
Monitor as biodiversity indictors are so far not included in most other forest resilience
monitoring tools. However, one could also tap into the potential of crowdsourced bird
monitoring data in the ‘ornitho’ framework. Possible points of data access are the DDA’s
‘Birds in Germany’ portal (which so far does not provide data in machine-readable format
openly), and the ‘EuroBird’ portal by the EBCC which is still in its development phase.
Both information systems could look to the ‘iDA’ database in SN which provides bird
monitoring data in open and machine-readable format. Hence, several coordinated steps
are still necessary to gain areliable NRT information basis on the occurrence of individual
bird species as well as aggregate species indeces. In terms of tree species distribution,
Thinen Institute, UFZ and RSS provide tree species monitoring systems based on EO
datasets, mostly through Sentinel data. However, timeliness is a major obstacle here.
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Nevertheless, the methods employed could be used not only for Germany, but also for a
Europe-wide assessment. Still, only knowing the dominant tree species is only of limited
importance for resilience quantifications, as more structural information on
accompanying species, the extent of canopy closure/tree density and information on the
tree growing phases impact such assessments. From a climate adaptation viewpoint,
biotope scenarios that are based on climate suitability projections (e.g. through the EU-
Trees4F projects) are very relevant in formulating the desired target conditions. However,
such biotope mapping is done differently across states in Germany and is often very
inaccessible, outdated and not available in machine-readable formats. Considerable
knowledge gaps exist as EO information systems and systems that rely on in situ data are
not interlocked. Hence, the best data input for the EU Forest Resilience Monitor would
come from integrating the dominant species measurements based on Sentinel-1 and -2
imagery. Where interoperable data on the naturalness and species diversity targets exists,
this should be taken into account, yet more efforts in standardization of such information
is needed to have in place a Europe-wide framework.

Measuring the soil and water properties of the land surface is already well established in
the EU, and more specifically in Germany. Datasets that can be utilized for an EU Forest
Resilience Monitor are readily available at the Copernicus Land Monitoring Service (Soil
moisture and Temperature) the Copernicus Climate Change Service in terms of associated
changes in the future through climate models. This can be reflected in resilience
quantifications as well: Forest areas that are in locations where climatic conditions of
water availability and mean temperature will be considerably changed in the future, and
which do not exhibit environmental adaption (e.g. in more heat robust tree species) could
receive lower resilience values. To better assess soil health, the existing EUSO Soil
Health Dashboard by ESDAC could be integrated into the resilience monitor, however
updated base data would need to be collected first. In that regard, specifically relevant is
data on erosion, soil bulk density and topsoil properties that indicate forest resilience.
Generally, however, data sources on climate and soil are most ready at EU level already.

In general, in the area of tree cover assessments, many tools and monitoring strategies are
already implemented that can be used in the EU Forest Resilience Monitor. Global forest
change data by Hansen et al. as well as the High Resolution Layer Tree Cover Density by
the EU's Copernicus Land Monitoring Service are available for an integration into such a
resilience assessment tool. But also, the data from the sample sites of the German official
monitoring schemes could be utilized further: By publishing the data collected on state
level openly, forest vitality data could be matched to all representative sites. This means
that the results from the local sample monitoring could feed into an index that can be
applied to all forest sites that showcase similar climatic or silvicultural conditions. This
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could be important in balancing bias that might come from EO data sources. Simply
defining higher tree density with higher resilience is a wrong assumption as this can also
refer to densely planted monocultural sites. Conversely, sites with sustainable
management practices might even exhibit lower tree densities as selected trees are felled,
leaving behind only some trees that can then build up a diverse forest again. Finally, the
EU Forest Resilience Monitor could also be based on the analysis of the effective mesh
density on undissected habitats. Fragmented forest ecosystems would likely be assessed
with lower resilience values as they are more exposed to changes, e.g. through erosion
and limited fauna and flora connection. On EU level, updated assessments are required in
this regard as the last version displays information from 2015.

Figure 21 summarizes all recommended data inputs for the EU Forest Resilience Monitor,
notwithstanding that some of these are not yet ready for implementation.

Dominant species based on
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C3S Climate Models
Figure 21: Recommended Data Sources for an EU Forest Resilience Monitor

Finally, the carbon sequestration potential of forests is best summarized through EO data
by the ESA’s Biomass Climate Change Initiative, and by datasets on GHG emissions,
carbon removals, and GHG based on Harris et al. (2021), via the Global Forest Watch
map. Both could be used as potential data sources for an EU Forest Resilience Monitor.
Inaccuracies of measurements through EO could be balanced with the data that is
collected on the ground on state or federal level in Germany. So far, data on the timber
removals cannot be displayed as a geospatial form, because they are only collected in
aggregate forms per state. Stricter legislation, as already formulated to some extent in the
EU Regulation on Deforestation Free Products, might potentially make an origin mapping
of timber possible. This information could then supplement the resilience monitor.
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5.3 Repercussions for Muli-Level Governance

The analysis has identified some data gaps for the quantification of NRT assessment of
forest resilience. The case of Germany exemplifies that many actors on various policy
levels are involved in monitoring strategies, that follow Open data practices very
differently. According to the representative of the European Forest Institute, forest
inventory data continues to be handled very differently among member states, and the
“understanding of Open data has not really arrived everywhere” (2024, Appendix Ila).
The person even went as far as calling some behaviour ‘embarrassing” and ‘ridiculous’,
because of blockades for further harmonization and the rejection of further reporting
obligations at EU level. However, one avenue of change that the representative was very
hopeful about were research projects that carry out their own measurements Europe-wide,
e.g. in the area of EO. Pan-European initiatives could help to overcome national egos
when they prove to be operable and successful. The EU Forest Resilience Monitor could
be such a project — however it also severely depends upon the input by member states and
regions. In the next legislative period at EU level, the Forest Monitoring Law will be
discussed and potentially adopted. In its current form, there is reference to many
indicators, most of which are already systematically recorded on either EU or member
state level, at least in Germany. However, there is no mention in the current legislative
proposal whether such assessments can continue to be based on sample surveys, or
whether these results should be available in more geospatial extent by unifying in situ
observations and EO datasets. A requirement for data on the respective indicators to be
available as Open data and in geospatial form would help to make a forest resilience tool
reality. Furthermore, the Nature Restoration Law has not been adopted finally and in the
current form some indicators are mentioned where this thesis has identified challenges:
for instance, on the coherent monitoring of tree species diversity (European Parliament,
2024, Article 12. 3 [g]), and in terms of the monitoring of common forest birds (ibid,
Article 12.2). Legislation should ensure that new monitoring requirements take into
account the capacities of forest authorities on the ground and integrate them better in
monitoring structures.

For the federal level, this means that some degree of autonomy might be given to EU
institutions to better connect the states that collect data and those that produce the final
assessments, which happens increasingly at EU level. At federal level, there are currently
discussions on an update of the federal forest law from 1975. A draft report that was
published in November 2023 includes a passage stating that “[t]he results of the [forest
survey] shall be made public” (BMEL, 2023, 8 68 [2]) — a phrase that was not contained
in the old bill. Still, other transparency laws already require such publication of results
and only time will tell if this brings about some change in Open data forest data provision
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in Germany. The findings of this thesis support the view that if federal legislation was to
provide a one-stop shop where states can openly share their collected data, better
timeliness and better data reuse can be achieved, for instance for forest resilience
quantifications. Requirements that data must be made openly available, at best in
geospatial form, could help to increase digitalization efforts in forest monitoring.
According to the representative of the forest agency in Brandenburg, digitization is still a
major hurdle for German forest administrations and many forest directorates still require
forest management plans by private owners on paper, and not in digital form which often
leads to data being only available in non-machine-readable formats, such as pictures of
maps (2024, Appendix I11b). The current federal forest law proposal, however, puts
forward little new mechanisms in that regard.

Finally, the draft law does not include a major change of responsibilities and the 16
Lander will continue to play the most important role in forest governance and forest
monitoring in Germany. Similar to the already established cooperation system on core
indicators, as spelled out in the section on canopy thinning (LiKi, 2023), the Lander
should be empowered to better pool their forest observation data, and also report data
directly to the European Commission, reducing time lags and improving data availability.
This research supports the view that Open data sharing, however, must consider the target
users. If focus is on everyday application by citizens, a one-stop shop for open forest data-
pooling, as suggested before, must give priority the ease-of-use and the online
searchability of such a tool. Here, initiatives like the ‘waldinfo. NRW’ portal can serve as
good examples that other states are recommended to join.
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6 Conclusion

The structured Open data analysis has shown mixed data availability on different forest
indicator sets in Germany. NRT forest monitoring continues to be hampered by structural
data gaps and limited timeliness. Open data adherence is generally patchy. The analysis
has shown that biodiversity monitoring, exemplified by birds, still lacks in terms of Open
data compliance in Germany. Generally, while the EU level has high compliance, it relies
on data collected by member states and therefore the Lander, which score low on Open
data compliance. Tree species distribution information is also restricted by Open data
violations, with only limited good practices seen in some German regions. Soil and water
indicators are generally well-implemented but require more structured and timely data for
effective use in an EU Forest Resilience Monitor. Lastly, while global systems meet Open
data criteria for carbon storage, German state-level data, that is partly more accurate than
data from EO is largely outdated and not available in machine-readable formats.
Nevertheless, various reliable sources for the establishment of an EU-wide Forest
Resilience Monitor could be selected.

The question now is whether we go from the status quo, namely inconsistent data
provision, access and accessibility and try to synchronize this information into a
monitoring system on forest resilience that fits our needs; or do we start new forest data
collection instruments to build the framework that we need. Both paths have their upsides,
but one thing in common: To achieve an Open data Forest Monitor in Europe and beyond,
many forces must work together. Global Forest Watch already exemplifies that to some
extent: an advanced, NRT forest information system that is based on satellite technology,
big data analytics, and crowdsourcing to track changes in forest cover globally. Such
Open data sharing alliances will be key in protecting forests as carbon sinks. Where Open
data policies are implemented, they make compliance with sustainable forestry practices
transparent or expose illegal logging activities and other impacts on forest resilience.
Nevertheless, this research has shown that this potential is not fully utilized, at least in
the case of Germany where Open data principles are still violated across sectors and
policy levels. A Forest Resilience Monitor could institutionalize Open Data structures
across the EU and — by pooling data and providing an easily usable interface — it could
influence management practices in communal and private forest planning. This could help
to better balance the diverse interests in forest governance and involve local communities
in forest decision-making. Referring to the broader picture of centralization and
decentralization, a structured European approach to forest governance that follows
resilience parameters must ensure that European forests are actively managed in
garnering their climatic potentials to protect local populations. Open data accessibility
can be strengthened through an institutionalized EU Forest Resilience Monitor.
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As laid out before, this research has some inherent limitations: The selection of indicator
group might have a certain bias towards ecological resilience factors. Future research
should therefore explore the availability of coherent social-ecological indicators that
influence forest resilience. Furthermore, while this thesis has identified possible data
sources for an improved resilience monitoring of forests, it has not analysed how these
components should be weighted and how quantifications of forest resilience are reliably
done in practice, without over- or underestimating certain management practices. This
requires further academic attention. Finally, with new innovations from the field of EO,
a better understanding of the interoperability and interlocking of data and datasets with in
situ data is necessary.
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Figure 18: Forest Carbon Monitoring Consortium. (2021). Forest Carbon Monitoring Platform:
Biomass  decrease mask. Lastly retrieved on June 3%, 2024 from
https://portal.forestcarbonplatform.org/.

Figure 19: Johann Heinrich von Thiinen-Institut. (2024). Thiinen-Atlas Kohlenstoffspeicher Wald
— Bdume — Kohlenstoffvorrat der Baumbiomasse [t/ha] 2012. Lastly retrieved on June 7,
2024 from https://gdi.thuenen.de/wo/waldatlas/?workspace=waldatlas_kohlenstoff
wald&instanz=wo.

Figure 20: own representation.

Figure 21: own representation.
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accessibility or openness)

incomplete or low granularity)

or only aggregated data)

Criterion Yes/Good Limited Very Limited No/Bad Unclear

[There is sufficient evidence that There is evidence of datasets or

datasets or indicator sets are There is evidence of datasets or |indicator sets, yet major restrictions Existence could
Data produced in the respective indicator sets, yet their exist that considerably limit their not be
existence (a) category (notwithstanding their |meaningfulness is limited (e.g.  |meaningfulness (e.g. very incomplete [No evidence that datais |determined

recorded systematically

without doubt.

Datasets or maps can be
accessed through direct data

Information systems only give
limited access to the respective

Significant hurdles in accessing
datasets or maps exist, e.g. through

Availability could

;)vr:illr;lebi"ty viewers, dashboards, or data data or indicator sets (e.g. access limitations, or hidden datasets not be
(b) portals, or datasets and their incompleteness or low only made known to me after Datasets or maps are not |determined
metadata are provided online. |geospatial detail) personal contact. available online. without doubt.
Refers to cases where no
information on licensing but also
Clearly indication though a no restrictions to usage are
Open license |creative Commons attribution or|mentioned. Also refers to some | Data is effectively not openly
(© 'no restrictions'. Data access and [cases where some use cases available contrary to suggestions; or [Restrictions on the usage [No coyright
existence was verified during the |[require the permission of the available open data is irrelevant or of data exist, including on |information
research process. copyright holder. outdated (case-by-case basis). the commercial utilization. |could be found.
Refers to cases where data is Data is from the year 2017, not taking No information
Timeliness partly from before 2018, but into account the effects of the 2018 on the temporal
(d) Datasets or maps refer to data  |more recent data is fed into drought in Germany (only case-by- Data is considerably older [scope could be
collected in 2018 or later. information systems as well. case). than from 2018. found.
Refers to no cyclical
updates of datasets or
Regular If coherent monitoring cycles maps, often indicated No information
updates (€) |anq strategies were in place (e.g. |If monitoring cycles of more through 'updated upon  [on regularity of
updates all 5 years). than 6 years were in place. Not coded. request'. updates.
Datasets are published in their  [Some formats are machine- Machine-

Machine original format, best in CSV, readable but may present Some formats are machine-readable |Data was not available in |readability could
readability |)son or GeoJSON, GeoTIFF, XML |limitations due to their but may present strict limitations due |all its granularity or data  |not be
® or NetCDF formats structure, e.g. Excel files. to their structure, e.g. PDF files. download did not work. determined.
Bad: Access requires a
Good: Data is easily found online deep understanding of the
and the presentation of datasets [Refers to restrictions in the functionality of the
Accessibility,|and maps is meaningful; this accessibility of datasets, e.g. Refers to restrictions in the information system. Also
ease of use  |refers to interactive portals that [limited geospatial accessibility of datasets or maps that |coded when information is
() show relevant, up-to-date meaningfulness or expert are so major that they effectively irrelevant or not up-to-
information. Based on personal |knowledge required to hinder its widespread utilization, e.g. |date. Based on personal
assessment. understand data portal. only raw data available. assessment. Not coded.

Map feature|

(A meaningful map feature that is

Map feature exists but
restrictions in terms of detail,

Restrictions in terms of detail, time or

Dataset has no geopatial
component or no in-built

Map existence

detailed data provision can be made.

(h) easy to use is integrated into the [time or functionality inhibit functionality majorly inhibit the mapping functionality is  [could not be
information system. meaningfulness. meaningfulness of the map feature. |available online. determined.
Existence could
Additional |patasets are available openly, Restrictions are so major that Restrictions are so major that the not be
i_ndicators (i+ ltimely, in machine-readable the meaningfulness of the meaningfulness of the information is determined
J, k. 1) format and are easily accessible. |information is inhibited. inhibited. No data or maps exist. without doubt.
na Not applicable: Refers to cases where data does not exist additionally on the respective policy level and hence no assessment on the




93

I.b Explanation on the indicator selection

The following list names all indicators per indicator group according to their source. The

original analysis file can be retrieved on Zenodo: https://zenodo.org/records/11517505?

token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYktNDViNi1iMDYO0

LTZkZWZhNDZhMDAXNilsImRhdGEiOnt9L CJyYW5kb20iOiJiYjc1IMDMwYzIONTkxN

WVIMTV]YTgzNThkMTVIYzZM3MSJ9.20KkNOggqQJpSoEIUjHOd83 Y10yeQgTCEP9AN
5xyZ8A 0Z_ GwbNMZXGihyOgHejAgmbS7s0M55jIcUgjWAISQ.

Climate indicators (all from Nikinmaa et al., 2020):

e Basal area increment,

e Precipitation (mean annual or standardized precipitation index [SPI]),
e Temperature (monthly or degree days sum),

e Vapour pressure deficit,

e De Martonne Index (aridity)

Soil property indicators (all from Nikinmaa et al., 2020):

e Available nutrients/ nutrient reserve,
e Soil aggregate size,

e Soil type,

¢ Relative plant-available water in the root area,
e Post-fire soil organic layer,

e Mycorrhizal network,

e Thornthwaite index,

e Microbial biomass,

e Topsoil without vegetation cover,

e Soil water content/ soil water deficit.
e Erosion depth,

¢ Intensity of traffic,

e Carbon utilisation profile,

e Soil organic matter,

e Soil depth. Humus horizon depth

Indicators to measure disturbance effects (from the proposed EU Forest Monitoring
law [European Commission, 2023a]):

o Defoliation (see Annex I [e] in European Commission, 2023a),

o Forest fires (see Annex I [f] in European Commission, 2023a) consisting of 5 sub-
indicators (fire events, burnt forest areas, fire severity, post-fire soil erosion &
post-fire event recovery),

o Wildfire risk assessment (see Annex | [g] in European Commission, 2023a)
consisting of 3 sub-indicators (dead & live fuel moisture content, fuel type map),


https://zenodo.org/records/11517505?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
https://zenodo.org/records/11517505?%0btoken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
https://zenodo.org/records/11517505?%0btoken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
https://zenodo.org/records/11517505?%0btoken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
https://zenodo.org/records/11517505?%0btoken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
https://zenodo.org/records/11517505?%0btoken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6ImQyODA3ODAzLWMwYjktNDViNi1iMDY0LTZkZWZhNDZhMDAxNiIsImRhdGEiOnt9LCJyYW5kb20iOiJiYjc1MDMwYzI0NTkxNWVlMTVjYTgzNThkMTVlYzM3MSJ9.2oKkNOgqQJpSoElUjHOd83_YI0yeQgTCEp9AN_5xyZ8A_0Z_GwbNMZXGihy0qHejAgmbS7s0M55jlcUgjWAl5Q
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Tree cover disturbances (see Annex I [h] in European Commission, 2023a),
Removals of tree volumes (see Annex Il [g] in European Commission, 2023a),
Forest disturbances caused by factors other than fires (Annex Il1 [a] in European
Commission, 2023a)

Indicators to measure disturbance effects (from Nikinmaa et al., 2020):

Palmer Drought Severity Index,

Population density/ increase of population density,

Timber harvest intensity,

Grazing intensity,

Organic matter removal,

Cover removal,

Standardised Precipitation-Evapotranspiration Index (SPEI),
Tree mortality,

Stress or strain level,

Disturbance severity/intensity

Indicators on forest structure (from the proposed EU Forest Monitoring law
[European Commission, 2023a]):

Forest area (see Annex | [a] in European Commission, 2023a),

Tree cover density (see Annex | [b] in European Commission, 2023a),

Forest type (see Annex | [c] in European Commission, 2023a),

Forest connectivity (see Annex | [d] in European Commission, 2023a),

Stand structure (see Annex Il [d] in European Commission, 2023a),

Tree species composition and richness (see Annex Il [e] in European Commission,
2023a),

European Forest Type (see Annex Il [f] in European Commission, 2023a),
Standing and lying deadwood (see Annex Il [h] in European Commission, 2023a),
Primary and old-growth forests (see Annex Il [k] in European Commission,
20233),

Aboveground biomass (see Annex Il [b] in European Commission, 2023a),
Forest structure (see Annex Il [c] in European Commission, 2023a),

Forest naturalness classes (see Annex Il [f] in European Commission, 2023a)

Indicators on forest structure (from the latest version of the EU Nature Restoration
law proposal [European Parliament, 2024]):

Forest connectivity (see Article 12. 3 [d] in European Parliament, 2024), Stand
structure (see Annex Il [d] in European Parliament, 2024),

Tree species diversity (see Article 12. 3 [g] in European Parliament, 2024)
European Forest Type (see Annex Il [f] in European Parliament, 2024)
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Standing and lying deadwood (see Article 12. 3 [a;b] in European Parliament,
2024)

Primary and old-growth forests (see Annex Il [K] in European Parliament, 2024)
Aboveground biomass (see Annex Il [b] in European Parliament, 2024)

Forest structure (see Annex Il [c] in European Parliament, 2024)

Forest naturalness classes (see Annex |11 [f] in European Parliament, 2024)
Uneven-aged structure (see Article 12. 3 [c] in European Parliament, 2024)
Stock of organic carbon (see Article 12. 3 [e] in European Parliament, 2024)
Share of forests dominated by native tree species (see Article 12. 3 [f] in European
Parliament, 2024)

Further indicators on forest structure (from Nikinmaa et al., 2020):

Basal values, basal area increment

Tree density, stem density,

Species density, stems per hectare (SPH)

Tree diameter class, mean dbh

Large trees

Terrain indicators: aspect, slope, and slope position
Phytomass

Canopy height, tree height

Ground vegetation cover

Herbaceous cover, canopy and total crown cover, tree cover

Indicators referring to Forest Regeneration (from Nikinmaa et al., 2020):

Number of surviving trees and resprouting trees
Number of seedlings

Rate of biomass accumulation after damage
Vegetation recovery index

Tree mortality

Seedling abundance

Indicators referring to Tree and ecosystem production and transpiration (from
Nikinmaa et al., 2020):

Standardised Precipitation-Evapotranspiration Index (SPEI)

Above ground net primary production/ biomass accumulation

Difference between actual evapotranspiration (AET) and potential
evapotranspiration (PET)

De Martonne Index (aridity)

Basal area increment

Climate-Vegetation-Productivity-Index
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Biodiversity indicators (from the proposed EU Forest Monitoring law [European
Commission, 2023a]):

Common forest birds (see Annex Il [j] in European Commission, 2023a)
Presence of invasive species (see Annex I11 [g] in European Commission, 2023a)
Diversity of non-tree vegetation (see Annex Il [h] in European Commission,
2023a)

Presence of threatened species (see Annex Il1 [i] in European Commission, 2023a)

Biodiversity indicator (from the latest version of the EU Nature Restoration law
proposal [European Parliament, 2024]):

Common forest birds (see Article 12.2 in European Parliament, 2024)

Further biodiversity indicators (from Nikinmaa et al., 2020):

Species composition (Shannon Diversity Index)

Abundance of species, species richness, species number/population size

Species dominance, species evenness

Species density, increase of population density

Keystone species

Native species richness, non-native species richness (non-native plant cover,
native plant cover)

Indicator from the field of land use (from the proposed EU Forest Monitoring law
[European Commission, 2023a]):

Availability for wood supply (see Annex Il [a] in European Commission, 2023a)

Further indicators from the field of land use (from Nikinmaa et al., 2020):

Land-use classes, forest type (active pasture, succession forest, old-growth forest)
Normalized Difference Vegetation Index (NDVI)
Enhanced Vegetation Index (EV1)

Vegetation map category

Shade normalized green vegetation fraction images
Proportion of natural habitat

Carbon isotopes

Vegetation Optical Depth (VOD)

Remotely sensed tree cover

Habitat connectivity (within an elevational band)
Natural and built environment

Indicators on ecosystem management objectives (from the proposed EU Forest
Monitoring law [European Commission, 2023a]):

Natura 2000 sites (see Annex Il [i] in European Commission, 2023a)
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e Protected forest areas (see Annex Il [I] in European Commission, 2023a)
e Location of forest habitats outside Natura 2000 sites (see Annex Il [e] in
European Commission, 2023a)

Further indicators on ecosystem management objectives (from Nikinmaa et al.,
2020):

e Management diversity (societal trade-offs)

e Harvest rates (annual net revenue, and net present value)

e Agroforestry: Management interventions on crop cultivation & keeping livestock

(percentage of forest surface with management interventions)

e Type of management goal

e Fire adaptive planning

e The amount of forest and connectivity of ecosystems

Indicators on the socio-economic capacity (from the proposed EU Forest Monitoring
law [European Commission, 2023a]):
e Growing stock volume per hectare (see Annex Il [b] in European Commission,
2023a)
e Net Annual Increment per hectare (see Annex Il [c] in European Commission,
2023a)
e Production and trade of wood products (see Annex Il [m] in European
Commission, 2023a)
e Forest biomass for bioenergy (see Annex Il [n] in European Commission, 2023a)

Indicators on the socio-economic capacity (from Nikinmaa et al., 2020):

e Local communal knowledge, community cognitive

e Social network connectivity and social capital (number of voluntary membership
organizations per capita)

e Quality of Life

e Human health

e Demography

e Population size and density (amount of resource competition)

e Infrastructure (transportation, residential, but  also level of
optimization/sustainability in forestry)

e Indigenous practices

Indicator on socio-economic diversity (from the proposed EU Forest Monitoring law
[European Commission, 2023a]):
e Value of non-wood forest products (see Annex Il [d] in European Commission,
2023a)

Further indicators on socio-economic diversity (from Nikinmaa et al., 2020):
o Lifestyle/ livelihood diversity
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e Management diversity, commercial plant use diversity

e Diversity, capacity to innovate

e Economic diversity

e the proportion of a county’s total employment within a specific natural resource
based industry

Indicators in the field of finance and technological infrastructure (from Nikinmaa
et al., 2020):

e Stability of median house-hold incomes

e Financial incentives (such as environmental service payments)

e Annual net revenue and net present value (NPV)

e Community assets (physical, financial, social, human, natural)

e Dependency on forestry (proportion of a county’s total employment within a

specific natural resource based industry)
e Access to financial capital/credits

Governance indicators (from Nikinmaa et al., 2020):
e Land ownership
e Effective institutions and organisations
e Political will
e Collective actions, strategic actions
e Networks and connections

Other indicators
e Other wooded land (see Annex IlI [j] in European Commission, 2023a)
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I1. Emails that were used for citations in the text

The information that I retrieved via personal email contact with various representatives
IS contained as comments in anonymized form in the original coding file including that
can be retrieved on Zenodo:
https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI61jJmYT
Q40DYWLWIWYjYINDU4Zi1hYjQ1LWUwWZDFIMWY4ZTExMilsImRhdGEiOnt9L
CJyYW5Kkb20i0il3MWYWNZ2E5NzZhNDAONDAXMMNIOTN]YThiOWZiODNhYSJ
9.-TM7YRDdWZbUoav6CjkLulL BZ3X6sYmmfKY4ahRygrPsgL S8ecUOb5s80k-
erwdvM XU _kagywjU4EOtYIsFdP5kw (Uploaded on June 4, 2024).

Note: Please contact the author directly if you want to have access to anonymized
versions of the email conversations with the other representatives.

Il.a Email by GNOR Representative, RLP

Hello Mr Hergl,

Thank you for your enquiry. Where are you studying, are you focussing specifically on
Rhineland-Palatinate in your Master's thesis or on Germany as a whole? Regarding your
questions:

There is no current overview of the occurrence and distribution of bird species relevant
to forests. There is the ‘Birdlife of Rhineland-Palatinate’, which shows the distribution of
all bird species ever recorded in Rhineland-Palatinate on a TK25 basis as of around 2014.
There are also the annual ornithological reports written by Christian Dietzen (e.g. here),
in which the ‘ornitho’ reports of the respective year are analysed for each bird species and
the breeding distribution is shown in maps on a TK25 basis. The last volume summarises
the year 2022.

The annual reports of the bird monitoring project are available as pdf downloads on the
homepage. Here is the latest report, also for the year 2022, the one for 2023 is expected
to be published in June.

We do not have an online portal with data from the breeding bird monitoring in RLP.
Instead, we have the annual report, which summarises the data from the previous year
and is therefore very up-to-date.

I hope | have been able to help you a little. If you have any further questions, please do
not hesitate to contact me.

Best regards


https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjJmYTQ4ODYwLWIwYjYtNDU4Zi1hYjQ1LWUwZDFiMWY4ZTExMiIsImRhdGEiOnt9LCJyYW5kb20iOiI3MWYwN2E5NzZhNDA0NDAxMmNiOTNjYThiOWZiODNhYSJ9.-TM7YRDdWZbUoav6CjkLuLBZ3X6sYmmfKY4ahRygrPsgLS8ecUOb5s8ok-erwdvMXU_kgywjU4E0tYIsFdP5kw
https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjJmYTQ4ODYwLWIwYjYtNDU4Zi1hYjQ1LWUwZDFiMWY4ZTExMiIsImRhdGEiOnt9LCJyYW5kb20iOiI3MWYwN2E5NzZhNDA0NDAxMmNiOTNjYThiOWZiODNhYSJ9.-TM7YRDdWZbUoav6CjkLuLBZ3X6sYmmfKY4ahRygrPsgLS8ecUOb5s8ok-erwdvMXU_kgywjU4E0tYIsFdP5kw
https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjJmYTQ4ODYwLWIwYjYtNDU4Zi1hYjQ1LWUwZDFiMWY4ZTExMiIsImRhdGEiOnt9LCJyYW5kb20iOiI3MWYwN2E5NzZhNDA0NDAxMmNiOTNjYThiOWZiODNhYSJ9.-TM7YRDdWZbUoav6CjkLuLBZ3X6sYmmfKY4ahRygrPsgLS8ecUOb5s8ok-erwdvMXU_kgywjU4E0tYIsFdP5kw
https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjJmYTQ4ODYwLWIwYjYtNDU4Zi1hYjQ1LWUwZDFiMWY4ZTExMiIsImRhdGEiOnt9LCJyYW5kb20iOiI3MWYwN2E5NzZhNDA0NDAxMmNiOTNjYThiOWZiODNhYSJ9.-TM7YRDdWZbUoav6CjkLuLBZ3X6sYmmfKY4ahRygrPsgLS8ecUOb5s8ok-erwdvMXU_kgywjU4E0tYIsFdP5kw
https://zenodo.org/records/11479358?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjJmYTQ4ODYwLWIwYjYtNDU4Zi1hYjQ1LWUwZDFiMWY4ZTExMiIsImRhdGEiOnt9LCJyYW5kb20iOiI3MWYwN2E5NzZhNDA0NDAxMmNiOTNjYThiOWZiODNhYSJ9.-TM7YRDdWZbUoav6CjkLuLBZ3X6sYmmfKY4ahRygrPsgLS8ecUOb5s8ok-erwdvMXU_kgywjU4E0tYIsFdP5kw
https://gnor.de/publikationen/avifauna-2/
https://www.thalia.de/shop/home/artikeldetails/A1070768534
https://www.ornitho.de/
https://vogelmonitoring-rlp.de/
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I.b Representative Gotha Forest Research and Competence Centre, TH

Dear Mr Hergl,
Thank you for your enquiry. | will try to answer shortly:

Apart from this map from the Thinen Institute, are there any publicly accessible maps
showing which tree species can be found where in Thuringia? (I found this data set in the
geoportal, but I can't open the map online).

In general, there is no clear and conclusive answer on the subject of ‘tree species’. Yes,
the Thunen map is okay, but it has its weaknesses (e.g. tree species for the period 2017-
2018 detected from satellite data (without the massive tree mortality since 2018), 10m
resolution (thus no individual tree detection possible, delimitation of some tree species
not precise enough). There is also a remote sensing product from RSS
(https://www.remote-sensing-solutions.com/waldmonitor-deutschland/#baumartenkart),
which was also created on the basis of BWI data, and a product from the UFZ:
web.app.ufz.de/waldzustandsmonitor/de?area=6&layer=45. ThiringenForst has its own
(internal) tree species map, which corresponds to the data set they found. However, the
dataset you found (which can be opened in any GIS) is outdated and partially updated.
Unfortunately, | cannot provide you with the current dataset. However, ThiringenFrost
is constantly working on updating this layer.

Are there also publicly accessible maps on the naturalness of the tree species composition
in Thuringia?

Yes, these can be found in the tables of the tree species recommendation. The site unit
(roughly corresponds to the site area) can be found in the forest topics of the Thuringia
Viewer (https://thueringenviewer.thueringen.de/thviewer/). As a rule, all geodata from
ThuringenForst AGR (which can be made accessible to the public) is always displayed
here.

With regard to tree species suitability maps: Is there an interactive advisory portal in
Thuringia, similar to the one in NRW? (Unfortunately I could not find it online)

ThuringenForst is currently working on an amendment and an interactive tool for tree
species recommendations. Until then, our recommendations apply, which you can view
as PDFs: https://www.waldbesitzerportal.de/waldbewirtschaftung/waldbau-
waldumbau/der-waldumbau/.
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I hope | have been able to help you and wish you every success with your thesis!
Yours sincerely

On behalf of

Or I

Il.c Email by representative of the UFZ

Hello Mr Hergl,

thank you for the enquiry, an interesting topic for a master's thesis! For the tree species
classification, the satellite data of the years 2016-18 are used. So - especially with regard
to forests that have died in the meantime dead forest after the drought years - something
can already change in terms of Forest - non-forest. The data is currently not yet
downloadable, as it has not yet published in a journal. However, we could potentially
make it available after consultation. Alternatively, there is also Blickensdorfer's map,
which is very similar and available (as it has published in the meantime).

The future distribution of tree species is now available in WebGIS. Just have a look.
Perhaps you can keep me up to date with the results of the work.

Best regards,

I11. Transcribed Interviews

Ill.a  Interview with a representative of the European Forest Institute,
11.04.2024 [in German, translated]

MH:

I would like to hear from you or | can give you a brief overview of my research and then | would ask you
to perhaps introduce yourself and tell me about your work. | am writing my master's thesis at the
University of Tallinn on the possibilities of open data in the field of forestry or in the protection of
biodiversity or forest resilience and to what extent open data could help to increase this or generally to
look at how different countries or regions in Europe are already using open data in the management of
forests and whether this makes sense at all. I think the assumption is that open data is a good thing if the
data is publicly accessible.

But the question I'm asking myself is what exactly can open data actually achieve in the area of forest
protection? So far, | have focussed on Finland and Germany because there are already very good
approaches in Finland. In Germany, it's still very opaque to some extent because every federal state has
different implementations. Exactly, and | hope to learn a bit from them, not more about the European co-
operation of data on forests. So my view is not really from the forestry science side, but rather from
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policy research, from the political side. But perhaps you could start by introducing yourself in terms of
your work and link this to whether you have ever dealt with open data.

EFI Representative:

Okay, so I'm trying to grasp it somehow. It's quite a complex topic. So yes, I've already written an email
saying that I'm not a specialist for Germany or Finland, but that I'm more familiar with the pan-European
area. | haven't worked specifically on open data, but of course we have open data as a very clear
requirement of the Commission projects and our work at the EFI is very much based on third-party
funded research and a large part of the research is actually funded by the Commission through its research
programmes. And there has been a very clear trend for a long time that data collected with public funds
should be made available to the public. It is therefore quite clear that we are of course aware of the goal
that data should be made open and shared.

We have also worked on this ourselves with our EFI tools. Which of the things can we now also make
source code public, for example? Where can we simply make things public and simply fulfil these
requirements? But that's a bit of a general context. In the forest sector, of course, we have the
international issue of inventory data in particular, because if we want to create any reports, such as | don't
know, you've already heard something about Forest Europe or the ministerial process, where the
corresponding reporting on forest data takes place. Does that mean anything to you?

MH:
Yes, that tells me something. So at least | read through the last report.

EFI Representative:

Yes, yes, because it is also clearly regulated that, in principle, data should be provided by the member
states and then made accessible. There are not only the reports, but also corresponding databases where
the information is accessible. And this is very aggregated information data, a source of very highly
aggregated information, where indicators are ultimately compiled on a national scale. The inventory data,
i.e. national forest inventory data, is of course very, very relevant for more detailed statements. And it is
actually the case that each country handles this differently and a whole series of countries continue to
handle it very restrictively, so that you can usually only request the data from the responsible institutions
in advance and then often only on request and often not really get the source data.

Other countries are completely unproblematic. Germany, for example, has now made all the BWI data
public, I believe. You can simply download it and work with it yourself. So a lot has already happened
from there. Waldinfo.NRW.de really serves as a role model. This is a portal that has been set up

by the state government here in North Rhine-Westphalia. A very wide range of information on forests has
been compiled there and the aim is clearly that the data provided by state institutions should also be made
publicly accessible. Many services are also offered, so to speak, where, for example, forest owners can
look at their own areas, see which protected areas they are located in or which soil data they are based on.
A whole range of other secondary information on biodiversity or | don't know, many attributes are also
compiled there, but I don't think other countries necessarily do it in the same form. | believe that this has
been repeatedly sold by them as a kind of pioneering role in Germany.

MH:
Yes, I've actually seen the portal briefly before, but it's good that you mentioned it, so I'll take a closer
look.

I've just started looking at what they've published. And they deal a lot with forest resilience, in other
words the resilience of forests. | asked myself what data could be used to determine or measure
resilience? What data or measurements provide information about how healthy a forest is?

EFI Representative:

Yes, these are the level one data on forest condition. These are the defoliation or leaf discolouration data
collected by ICB Force. That is one possible source of data. We did this one study ourselves where we
collated the disturbance data on top of the inventory-based disturbance data. That was the Global Change
Biology publication last year, where we then also made the data available accordingly. This is a database
that is also maintained in the EFI and where the data can be accessed from the EFI. This is information
about the quasi stress factors that affect the forest. But to really make an assessment of how resilient the
forests are, we need concrete indicators, at least for the time being.
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And we are currently running a project, the RESONATE project, in which methods are being developed
for precisely this area to assess and measure resilience. And we will also be carrying out case studies for
nine different regions, where we will at least carry out modelling and then carry out corresponding
assessments. But if you now want to retrieve data somewhere as a forest owner, then something like
Waldinfo NRW would perhaps provide some of the information. But of course that's not really the
information you need. So you need, you have to first understand what forest-free means, for example, the
tree species composition, of course, very critical, very important, structural diversity, perhaps also the
degree of foliage or where is forest, where has forest been disturbed? Where has crown loss been
recorded? This is information that is compiled by Copernicus, for example.

I think you can download the forest map there. But these are many of the application products where the
data is ultimately processed and interpreted. Some of them are not freely available, | believe. But the
Copernicus satellite data is at least made available for researchers to process.

MH:

Now the availability of data is one thing, the other thing is that in my research | mainly look at owners of
smaller forest plots or small forest owners, who often have little interest in their forest or sometimes
simply don't have the means to manage their forest or simply hire subcontractors to manage the forest.
Now perhaps from their point of view, there is an interest among the owners of forests, i.e. smaller forest
plots, to look at data about their forest at all, to inform themselves about it and then perhaps to act on the
basis of the data. So | would say planting new trees or pushing back invasive species, etc.

EFI Representative:

Well, I don't have that much contact with the practitioners themselves, with the owners themselves. We
have stakeholder engagement activities in our North Rhine-Westphalia case study of superb project,
which is about forest restoration, i.e. restoring forests after bark beetle calamities. And this Waldinfo
NRW DE is actually a very good opportunity to show small forest owners in particular, because, as | said,
they can find their own plot in the system and then see which tree species recommendations have been
made for this location, so to speak. And the forestry planning in North Rhine-Westphalia has actually all
been fed into this digital system. This allows the forest owner to see, even with small areas, which forest
management types or forest development types, WETS, could be suitable for an owner's

management objectives. So this is of course a very good way of obtaining information.

I've been to at least one workshop where this platform was presented and I don't think the owners
necessarily have it on their radar. So how would they know? | think even the representatives of owners'
associations, for example, don't necessarily know that these specific data services are available online. So
there is certainly a lot of educational work needed to find out whether the forest owners could really be
interested in something like this. So I don't think there's a generalised answer to that. | would think that it
varies greatly depending on whether someone is very tech-savvy or not, and then people certainly use
such tools nowadays because they can perhaps find them relatively quickly if they know what to look for.
But I would assume that the vast majority won't use them.

MH:
How are there other ways of motivating people or motivating forest owners to strengthen the resilience of
their forests? How do you go about this or what is your role at the institute?

EFI Representative:

Yes, so what we are actually doing in one project is that we have created demonstration areas where it is
shown how this reforestation can be done with adapted tree species mixtures. And excursions are then
offered, e.g. so that the trainee foresters, for example, can look at these areas, so that if another
practitioners' conference is taking place somewhere, an excursion is offered to look at such areas. Well, |
think there are many points that are very important for assessing resilience. But there are also many
problem areas where this is actually a very difficult topic. For example, the topic of game density and
browsing. Because of all these forest losses we are experiencing, regeneration through natural
regeneration is of course particularly desirable.

And if the deer density is unfortunately as high as it currently is in many areas, then of course it is
somehow very difficult to get a mixed forest to grow at all. So the natural development will often revert
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back to spruce, even if the spruce is perhaps no longer really vital everywhere, but everything else is
unfortunately being selectively chewed out by deer and roe deer.

MH:

Yes, | was actually in the Harz Mountains recently and there you can see how large areas are simply
being reforested. But | can imagine that it's a big challenge to get the trees to grow at all. Another
question, because | don't come from a forestry background, is it still possible to manage a forest
effectively? In other words, cutting down trees, turning them into timber and selling them, while at the
same time strengthening the resilience of the forest. Is that possible?

EFI Representative:

Definitely, definitely. As | said, there are various criteria that are very important for resilience. One is the
mixture of tree species, that we don't just have monocultures, like the spruce trees that have just been so
badly attacked by bark beetles, but that we create mixed stands that are adapted to the climate. And in
order to make this possible, of course, we also have to actively intervene, because where the spruce has
now died off, the desired mixture will not necessarily re-establish itself. You have to plant first, but then,
when the natural reduction is there, when the competitive forces take effect later, you have to regulate the
mix and later, so | think the trend should also be towards more permanent forest stocking, where you then
allow structurally rich forests to develop.

And you can only do that through active management. That means always using the somewhat stronger
trees, so to speak, which can also be utilised economically, but then always keeping in mind that a forest
stand remains that continues to be productive and resilient. But managing the mix is very important here,
because if I only remove spruce trees, | can't necessarily control what other tree species will establish or
develop in the stand. But in any case, you can combine the two.

So many, | think the problem is rather that if you now use or not use this paradigm, somehow just say
across the board, yes, this is far too intensive forest management everywhere and we should manage
much less, then | rather see the problem is then these stands in the natural or not only natural selection
process then partly also impoverish themselves in the tree species diversity. For example, mixed
deciduous forests are totally important, especially now with climate change, but in the short term beech is
much more competitive than oak, although oak is the driest species. Normally, we want to have mixed
forests with a mixture of different types of trees. But that's exactly what you have to support through
active management, because otherwise such mixed stands can quickly become segregated again, because
an oak can tolerate less shade than a beech. And if there is no thinning at all, then there is a risk that the
oak will be thinned out by the beech.

MH:

My research started when | discovered this Global Forest Watch portal, which focusses primarily on
rainforests. And | then wondered whether there was something similar in Europe. And my question was a
bit more about the regulation or control of forests. It's always all very well to say that we are protecting
our forests, that we have drawn up various action plans, but then you really have to look at what is
actually happening. In recent years, there have been repeated reports in the Carpathian Mountains, for
example, that large areas of forest that were actually under protection have simply been cut down or in the
east of Poland. Now, | would like to come to the European Forest Monitoring System, which was
proposed by the Commission. How do you assess the regulation of forestry or forest protection in Europe
in general? Is it something that actually works well or is it a very large, broad, scattered field between
different countries?

EFI Representative:

Now | don't know what | mean by forest protection, because protection in itself is something like insect
monitoring and suchlike and possible control of bark beetle outbreaks and suchlike. And that is purely a
management task that is carried out by the relevant owners or forestry authorities on various scales.
Protection in the sense of compliance with sustainability principles or forest laws is a completely different
level of governance. That's probably what you mean. Of course, there is no generalised answer to that. So
the examples of Romania in particular and the conflict back then in Bielovescha in Poland, | wouldn't
consider those to be typical examples for Europe, but rather a glaring exception. But I also recently
watched this documentary about Ikea and the practices of how they deal with their own forests in
Romania.

And I was very shocked to see that the problem is much more differentiated and that it's not just a few
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black sheep who are making illegal cuts, but also large players who are somehow implementing
unsustainable practices and that this is not really being curbed. But | would also like to refer to something
else, namely, as you said, this monitoring legislation, which is not directly linked to this, but there is also
this Forest Information System Europe (FISE). And one of the Commission's concerns is that more such
information should be processed there. And there is a very large project called FORWARDS. | don't
know if you've heard of it before, but I'm sure you can google it. A forest observatory is currently being
set up there at quite great expense.

These are data routines that are then developed, e.g. from intensive monitoring areas in almost near
casting, i.e. almost up-to-date data is provided, which can then also be retrieved accordingly. On the one
hand, this concerns intensive monitoring, where individual trees, e.g. diameter time series, are then also
transmitted in the current now casting, but where other information content is also to be processed and
then shared via this platform in the future.

MH:

I'll take a closer look at that. Because you just mentioned this FISE. | had been looking at the site for a
while and the problem there, or at least that's what I had seen, is that the member states are not obliged to
forward current data to the European Commission, but that this is voluntary.

EFI Representative:

That's the old problem. I already mentioned earlier that the inventory data is handled very differently and
that there are some countries that just completely block it and it really is totally ridiculous. 100 years.
Yes, there are projects where the inventory institutions have been given the task of harmonising and
sharing data and then methods are developed, but the correct data is still not shared because some people
simply block it. That's totally embarrassing.

MH:

What is the motivation for blocking it? Well, I myself had already spoken to a representative from
Finland who simply said that a European system wouldn't help anyway because they already have the
best. But that's no reason for me to say no, we don't share that.

EFI Representative:

No, there is simply a lot of investment from the institutions and they have created time series and they
simply believe that they themselves want to be involved in any research that uses this data and always
want to get a piece of the pie and they simply don't understand that you can also enable new approaches
by sharing data and then perhaps develop a better understanding and get feedback. So this understanding
of open data hasn't really arrived everywhere.

MH:

Somehow, | don't know, I think last autumn there was a proposal from the Commission for new European
Forest Monitoring, but there is actually exactly the same problem. There, too, it was not stipulated that
there would be mandatory monitoring, i.e. mandatory monitoring requirements. Is there anything to be
gained anyway?

EFI Representative:

That will also be blocked again and again. It will always be blocked because the countries themselves
don't want to commit to measuring and sharing more and more. This is also blocked by countries as a
matter of principle, quite often, and the Commission must then somehow try to deal with this again and
again. In the end, it is made formally voluntary or certain things only have to be shared on a mandatory
basis to cover certain reporting obligations. But yes, the way things have gone over the last 10-20 years is
unlikely to change completely in the future. Unfortunately, that's very bitter.

But that's why initiatives like FORWARDS, where this Forest Observatory is being set up, could perhaps
have an impact, also because projects that carry out measurements themselves can also incorporate them
there. Then you can also see that measurements are being taken here, monitoring is being actively carried
out here and products can be retrieved here, so to speak, which can then provide information on certain
issues. Yes, but that will still take quite a while and whether that is now on these European scales is of
course not what affects small forest owners. It's simply a matter of being able to call up climate trends or
see where the deforestation problem has been due to bark beetle damage, for example, and whether many
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areas in the vicinity of my farm are affected. You can then call that up. But the fact that you can really get
information for management, for example, is still a long way off, | think.

MH:
These forestry planning offices are particularly important...

EFI Representative:

Yes, they are the providers who can do this as a service provider. Mr Hergl, it's taken us half an hour
now, so do you have any specific questions? | have another media right now that | would like to switch
to.

MH:

I'm sorry. So thank you in any case so far. | have one more question, and that is that | have mainly looked
at Finland and Germany in detail so far. Would you have any suggestions for me regarding certain
countries in Europe that have perhaps already made a special effort in the area of open data or as negative
examples, | should say?

EFI Representative:

I always have the feeling that the Austrians are totally stonewalling, that they are very unwilling to share
things. So Finland and Austria have often set a bit of a bad example. I think Switzerland is quite good
when it comes to data access. But I'm not an important data user either. | think Norway and Switzerland
have often had fewer problems sharing data, but neither of them are in the EU. | don't know if they are
related to the EU countries now.

MH:
Okay, then I'll definitely have a look at it, so | won't keep you any longer. Thank you in any case.

EFI Representative:
I then have to download the transcript or recording, then the recording, then transmit it to them.

MH:
Or send me the link to the recording. That would be very nice. Thank you very much.

EFI Representative:
Yes, | will. Yes, then | hope | was able to help a little and good luck with your Master's thesis.

MH:
Thank you. Thank you very much. And | hope it would be okay, if | have a question that falls specifically
in your area, that | contact you again by email.

EFI Representative:
Yes, of course, sure, I'd love to.

MH:
With pleasure. Thank you very much. Thank you for your time.

EFI Representative:
Okay, you're welcome. Bye. Have a nice afternoon.

I11.b  Interview with a representative of BrandenburgForst, the forest authority

of the state of Brandenburg, Germany;

Representative BrandenburgForst:
So it has completely different interests than Department 4, which is the Eberswalde State Competence
Centre for Forestry, which is the department for applied forestry research.

MH:
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Okay. There are now regular monitoring systems or reporting systems in Germany, such as the Federal
Forest Inventory, the Forest Condition Survey and the Soil Condition Survey. Are there any other
monitoring systems in Brandenburg?

Representative BrandenburgForst:

Yes, the monitoring systems are in Department 4 in Eberswalde and this is where the inventories are
carried out. The Federal Forest Inventory is coordinated by the Thiunen Institute on behalf of the BMEL
and the federal states are the executing organisations. This means that there is a coordination centre in
Eberswalde with a forest inventory supervisor. In addition, there is also a regeneration status in wildlife
monitoring and then status surveys in the Level 1 area. The soil condition survey is then comparable with
the national forest inventory and not to be forgotten is the forest protection monitoring, which also runs
through Department 4. In addition, there is also more specific research, which is realised to a greater or
lesser extent depending on the personnel and financial resources available, such as natural forest research.

MH:
If you now look at the data collected in this monitoring process, is there an online portal where all this
data flows together or is it scattered on different websites, or are these results all openly available?

Representative BrandenburgForst:

There are now several questions. Unfortunately, there is no data platform, whatever you want to call it,
where all the data comes together. Most of the information is freely available, some of the data is
available as open data and we now have the information portal bwi.info for the Federal Forest Inventory,
where you can also download the data freely, albeit in a reduced form without the geodata. Yes, exactly,
I've already seen the party. And then there are also various websites from Brandenburg, such as
Brandenburg Forst, where you can also look at different things.

MH:
Yes exactly, | have already seen this portal and then there are also other websites, for example from
Brandenburg Forst, where you can also look at various things.

Representative BrandenburgForst:

For example, the WZE has a special website for forestry environmental monitoring, and there is a special
website for the soil condition survey, but it is all available in a heterogeneous form, i.e. at different
addresses and in different states. And generally as information and not as data. And that brings us back to
the initial question: What are we actually talking about?

MH:
What would you say is the aim of these applications? Is the aim more to fulfil legal obligations or is it
really aimed at certain target users?

Representative BrandenburgForst:

Which applications? We haven't talked about any applications yet...

MH:

I'm talking about this site brandenburg-forst.de with a map where you can display different growth areas,
for example.

Representative BrandenburgForst:
So there is the geoportal.

MH:
Yes, | think that runs via the geoportal.

Representative BrandenburgForst:
But then let's be more specific.

MH:
Okay, then I'll ask the other way round.

Representative BrandenburgForst:
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These are really two different pairs of shoes. One is data and the other is information. You have to
separate the two, please. If you want to think about research in this direction, you have to make a
distinction between data and information. Then we have to talk about what we are talking about with
regard to the provision of information. The term "portal" is used inflationarily for all sorts of things.
There is the so-called geoportal, which is a web viewer at brandenburg-forst.de, where various
information is displayed as a map view. And what is the specific question here?

MH:
Okay, so the idea behind my research, I'll say, is to analyse what information small or medium-sized
forest owners need and to what extent this is available online.

Representative BrandenburgForst:
Yes, but then I'm the wrong person to ask, I'm not a forest owner.

MH:
Perhaps | have one more question. Is there...

Representative BrandenburgForst:

In the forestry sector in particular, there is usually no distinction between information and data. As a rule,
the provision of information is formulated as the provision of data and there is hardly any ability to talk
about use cases. And if we want to look at what information a forest owner needs, then we first have to
define which forest owners we are talking about. If we are talking about small forest owners, then that is
also an exciting question because, as a rule, we say that all those under 20 hectares are small. But you
have to differentiate again, because there is a very large group under 5 hectares that probably has no need
for information at all. What you could then put forward as a hypothesis is that it could then be difficult to
manage the forest area at all. And there have been various programmes and attempts to approach the topic
in the past. So how do | specifically address the small private forest owner?

MH:
And there was also a strategy to make more data publicly available. In other words, precisely under open
data. Or was that another motivation?

Representative BrandenburgForst:

I don't know if that's the motivation. There's no point in talking about it like that if we're not talking about
a specific use case. And if we now want to look at a specific use case and consider the small private forest
owner who somehow still has the ability to manage the forest and who doesn't usually do it alone because
he has usually come to the forest by chance. Every year, 65,000 people in Germany come to the forest by
chance, namely through inheritance, and they usually have something completely different to do. They
simply need a forestry advisor of some kind, which can be the district forester provided by the
administration. In the past, however, there was a political interest in reducing this and leaving it to the
market.

Here we are with freelance forestry contractors and now we have a freelance forestry contractor who
wants to help this forest owner to manage his forest. And now the question is, what does he need? | can
highly recommend that you talk to the forestry planning offices, because as a forestry consultant, the first
thing you need is planning. For that you need an inventory. And on the basis of the inventory, depending
on the mapped forest functions and the site data, he is then in a position, or would be in a position, to
make recommendations for the current silvicultural treatment.

MH:
And this silvicultural treatment, to what extent, ok of course that also depends on the individual case, but
to what extent would you say that economic interests are the top priority?

Representative BrandenburgForst:
Yes, but that brings us back to another topic. How is this relevant to the issue of providing information?

MH:
Yes, | would say that it is striking that there is no single portal where all this data flows together. And
then perhaps the question is why this data is so scattered around.

Representative BrandenburgForst:
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Yes, you can ask yourself that question. But does it make sense to only think in one direction here? If |
understand it correctly, the thesis behind the question is that there is an economic interest in not providing
information, perhaps even data.

MH:
Yes, you could accuse me of that.

Representative BrandenburgForst:

Yes, you could imply that in the question, but you can also ask: Where is data available in which field is
there freely accessible data and how did it come about there and then you can ask the question, where is
there no freely accessible data and information?

MH:
Is there any data that is collected but not published?

Representative BrandenburgForst:
Yes, en masse, of course.

MH:
And what are they in particular?

Representative BrandenburgForst:
You can't say what that is above all. Do you mean in terms of megabytes or time?

MH:

So what kind of data is not made publicly accessible? | mean, certain data cannot be published because it
is private data. I'm trying to find out why certain data is available online and other data is not. And one
reason that often comes up is...

Representative BrandenburgForst:
But let's go back to the question of what information and data is freely accessible and available.

MH:

So, for example, is the data available on the state of the forests...?
Representative BrandenburgForst:

Is that the case?

MH:
Yes, only minimally in the end.

Representative BrandenburgForst:

Yes, | also get some data on the condition of the forests via the IPvL. But what | get on the condition of
the forests is information on the forest condition reports. However, these again relate to the country, i.e.
they are large-scale information and are of no use to me as a forest owner. So beta data is available. The
DWD is exemplary in making almost all beta data available.

But there is an organisation, and also an answer, there is an organisation that coordinates both the data
collection and the provision of data. And there is reasonably balanced funding.

MH:
Which organisation is that?

Representative BrandenburgForst:
The German Weather Service.

MH:
Ah, okay. Is it possible in Brandenburg for forest owners to make their data on the condition of their
forests available to the public authorities? So is there such an aspect of crowdsourcing?

Representative BrandenburgForst:
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Firstly, why should forest owners collect their data on the condition of their forests and secondly, why
should forest owners pass their data on to anyone? And thirdly, what overriding interest is there as to why
there should be such a collection function?

MH:

I interpret that as a no. In other countries, this is sometimes the case. In Finland, for example, there are
certain obligations that you have to answer questions online about your piece of forest. Or when you last
carried out any work.

Representative BrandenburgForst:

However, this is not data on the condition of the forests, but on the management of the forests, and this
works differently in other countries, especially with regard to management. There are also countries
where the tax declaration is completed in advance, but | don't think that's the issue here. There is
absolutely no interest on the part of forest owners to collect any information on the condition of the
forests. There is no data model for this and there is also no overriding interest in somehow making
condition data available. There are approaches that go in the direction of NGOs in the nature conservation
sector, but even there | cannot construct a concrete use case that benefits the forest owner and the forest.

MH:
Yes, the forests are not doing very well at the moment, or haven't been for a long time. To what extent
does open data have the potential to contribute to climate protection? Or to environmental protection?

Representative BrandenburgForst:

I would really strongly recommend doing your homework when it comes to separating data and
information and also separating the condition of the forests, the condition of the individual trees and the
management and carrying out a stakeholder analysis. In other words, who is actually pursuing which
interests and where. Then we can talk about this in a structured way. This is a really great and important
topic. There is the Digitalisation 2.0 working group in the specialist department for renewable raw
materials, which has been working intensively on the topic of digitalisation and the provision of data
within the forestry industry for almost 10 years now, and you can go there and take part. There is a
meeting in Fulda on 9 April. The FNR also has a website and regularly publishes documents and videos
on this topic. Then there is the Competence Centre Forest and Wood 4.0 in North Rhine-Westphalia,
which was also created as part of the Digital Forest project. They have focussed in particular on data and
data models. And here you have to differentiate between the respective use cases with regard to
management and there is an immense need for data and | would strongly recommend that you speak to a
forest management office, for example the German Association for Forest Management or Waldkontakte
KFG. And they have the problem that they have to obtain the data relevant for forest organisation from
many different sources. Fortunately, in most federal states, with the exception of Bavaria and Baden-
Wirttemberg, the parcels of land, which are super important for creating a plan in the first place, are open
data. And you can download and edit it and only with the land reference, i.e. with the land ownership, can
you then start to think about the inventory. And at the moment, the recognised procedure for forestry is
stocktaking, which means that they still have to go out and measure the forest on site to collect the
economic data of this forest. Now the question regarding open data would be: Does it make sense to
publish this data? You should answer this question in your work. Because you don't necessarily have to
publish the economic data, but you also have to separate which data is actually relevant. Planning data is
certainly not worth publishing. In the case of inventory data, you can certainly consider whether it serves
a greater interest, which brings us back to the use case of a small forest owner who wants to manage his
forest. He goes to a forestry consultant and says, give me some advice here, what can | do here. He needs
a forestry planning office to do this and they need data, first of all they need the parcels of land, secondly
they need the site mapping. The site mapping is not freely available in Germany, let alone in a
standardised data model, let alone that it can be downloaded in a way that conforms to the target.

This is often the case in many federal states, where the data is published in accordance with INSPIRE as
DNS or as an image. This means that in many forestry offices, the image is displayed in GIS and then the
employees digitise the location data and we are then in the problem area of digitisation in Germany that
information has to be collected several times or has to be copied. And then we only have the forest
function mapping, which is collected by our forestry offices and should actually be freely available as
open data, for download as data and not just as an image. This is more or less the case in most federal
states, you just have to search for it for a very long time. Then the forest planning office has to take an
inventory and go out into the forest to carry out certain measurements. And according to the current state
of the art, many of these measurements are actually no longer necessary. For example, it is relatively easy



111

to derive the average height, stand height and top height from LIDAR data. To do this, however, this
LIDAR data would have to be made available. As a rule, this is done by the Land Surveying Office and
we see different qualities and different time intervals. And when the plan is finally drawn up, the private
forest owner has to submit the plan to the higher staff directorate and they still want it on paper. As a
result, there is still no sensible data model for forest organisation data. And then we talk about data
structures and standards and if these are not demanded top-down, then they simply don't exist.

If the upper forestry directorate doesn't say that they want the forest organisation data as XML or
whatever, and the information in this or that form, then this model won't exist either. This has nothing to
do with any economic interests or conspiracy theory nonsense, but with the general problems of
digitalisation in Germany, federalism and political will.

MH:
Now | have one last question, which | hope follows on from that. There are now plans at European level
to introduce European forest monitoring. Could this help to harmonise standards within Germany?

Representative BrandenburgForst:

No, because these are completely different use cases. So, in theory, it could help to simplify certain
information situations. There was also this hope with INSPIRE. The INSPIRE implementation has not yet
materialised. Then came the PSI and the PSI implementation is also only rudimentary. And a purely
political demand that certain information must be made available will not ultimately lead to data being
available in a sensible way and even if a data model is specified, as is the case in Bavaria, this will not
lead to a compliant, uniform and standardised data model. It often just creates a lot of work at different
levels because data has to be processed again and again in order to provide the information in accordance
with the model. So that didn't work and now back again, you can only do this kind of work and ask this
kind of question with a specific use case and if you are now somehow looking at the small private forest
and how should the data aka information be used for the difficult considerations, which are anything but
simple. So with regard to what has been considered so far, it is a political goal. It's about what
information, what data does a forest owner need and where does a forest owner get this data? You also
have to ask yourself what he needs for what.

MH:

That's right. Do you have an approach where you say that would be a small solution or a larger solution
that could make a big difference so that small forest owners have access to information that is relevant to
them for the management of their forest? You probably know better than me if.

Representative BrandenburgForst:

It is important that | can get down to the stand in the spatial resolution. So | would need data sizes
significantly smaller than half a hectare. Once again, the question of which data is actually relevant for
the forest owner and | would say in a rough first step, yes, the site mapping should be available as open
data, a standardised data model. Just like the conclusions, just like the forestry operation routes and the
elevation data at least should also be made available nationwide according to a standardised model.

MH:

Yes, yes. Okay, thank you in any case so far. I'm sorry, you were my first interviewee, but it's definitely
given me a lot of new food for thought. Yes, as | said, I'm also a bit motivated by the fact that I'm
currently in Estonia and there's a data portal about the forests in Estonia where you can actually view
everything that's collected as long as it's not somehow private data and that's still a long way off in
Germany. Yes.

Representative BrandenburgForst:
And that is very important with regard to the data model and structuring.

MH:
Yes, I'll start looking for that over the next few months. Thanks in any case so far and I'm happy to take
it, if | have any further questions, I'll get back to you.

Representative BrandenburgForst:
Yes, with pleasure.
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MH:
Okay, thank you. I'll do some more digging and if | find anything that I think might help me, I'll get back
to you. But for now | wish you a happy Easter and yes, thank you. Have a good weekend. Bye.

I1l.c  Short interview with representative of ‘Wald-MV”’, the forest agency of the

state of Mecklenburg-Vorpommern

MH:
I could just call you back. Does it suit you right now?

Representative Forst-MV:
Yes, that's fine. Then we can discuss it briefly.

MH: Basically,

that's what my Master's thesis is about.

Or I take a look at the Federal Forest Inventory, which collects a lot of data. But it can only be accessed
online in an aggregated version. So you can see the figures for each federal state. But without
geoinformation. Without geodata. And that was the problem | started with, so to speak. And | wanted to
know from them whether there are other portals in Mecklenburg-Vorpommern, let's say, where they
publish information about the forests.

Representative Forst-MV:

Yes, well, if you go to the Geoportal MV, you can call up the Mecklenburg-Vorpommern forest map, for
example.

Okay, but what's not there is the factual data regarding the distribution of tree markets, that's not stored
there.

MH:
What data can you find there? | can also look for myself, but...

Representative Forst-MV: You can find

the basic forest map there. The forest map, i.e. where the forest is located in Mecklenburg-Vorpommern
and so on. And there you'll find the forest fire deployment map. What else do we have there? I'll have to
have a look now.

MH:
Yes, I'm also looking at it right now. The problem is that I'm looking at all 16 federal states and it's
actually the case that it's different in every federal state.

Representative Forst-MV:

Yes, of course, we are in federalism. Yes. So, on the subject of agriculture and forestry: forest
compensation probably doesn't play a major role for you, that's also from us, | said the forest map, then
the habitat types, the FFH action planning, the forest protection areas, the basic forest map is now being
taken out, the forest structure, the forest utilisation map, then the rescue points...

MH:
Yes, and everything comes together in this geoportal. So you don't have any other portals where data is
published in Mecklenburg-Vorpommern. Okay, that's something.

Representative Forst-MV:
So I'll put it this way, this is the portal where we publish our data to the outside world. But that's not all
the data we have.

MH:
Do you have any data on biomass or wood growth?
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Representative Forst-MV:
Yes, of course, but we don't give them out.

MH:
Okay.

Representative Forst-MV:
Yes, because these are data protection issues. That's tax law. That's the big crux of the matter.

This is operational data that we have, so to speak, which we also have as a sovereign authority, but which
we do not disclose ourselves and which we also do not disclose to third parties.

MH:
Yes, also for the forests that belong to the state?

Representative Forst-MV:

Only, so to speak, if you can now demonstrate a legitimate interest. Because we are, after all, a state
forest, we are an institution under public law and this is our operating organisation. And that closes the
circle again, so to speak. It's nationwide, but that's just what's operational and yes.

MH:
Okay, then they've helped me a lot, actually.

Representative Forst-MV:
And they also had another question, they wanted to know something else, if | remember correctly. There
was also something else.

MH:
Yes, the composition of tree species, that's what they said they had.

Representative Forst-MV:
We have, but it will not be published.

MH:
Okay.

Representative Forst-MV:
Well, we have all that, we have that and we have the data, but as | said, they are not published.

MH:
And the reason why it's not published is simply because it's technically very demanding, isn't it?

Representative Forst-MV:

Nope, because nobody wants that, so to speak. And in our case, they have the map visualisation and they
have the data storage forest, so they have the factual data, so to speak, and they can combine them. This is
only done if there is a legitimate interest.

MH:
Okay.

Representative Forst-MV:
And so far, as | said, there has been hardly any interest, so to speak, only for ourselves. And at the
moment, we're not doing the work of putting something out there that isn't in demand at all.

MH:

Okay, that means, as an interested citizen, if | were to look at what information | can find out about my
forest, I could either look at this geoportal and find the limited information there, or | would have to
contact the forestry office in my neighbourhood.
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Representative Forst-MV:
Yes, exactly. Well, let me put it this way, it's not really right, so to speak, if you are the owner of the
forest, then you have information about your forest yourself.

MH:
Yes, that's true, at best.

Representative Forst-MV:
And the other, so to speak, is the interested citizen, so to speak, but who then wants information that, let's
put it this way, via third parties.

MH:
Yes.

Representative Forst-MV:

And that's just like wanting to know what I'm growing in my garden, so to speak. Yes, yes, | know what |
grow myself, the owner also knows what he grows, so to speak, and he must also have a forestry
organisation and so on. He already knows what he has.

Well, there are those who think they have to have information and, as | said, they have to prove that they
have a considerable interest. Otherwise it's data protection.

MH:
Yes, that almost brings us to the philosophical question of who owns the forest, or rather who owns
private landowners in particular.

Representative Forst-MV:

Yes, exactly, the owner owns it, so to speak. And there is, that's why the forest map is so limited, you can
see where the forest is in Mecklenburg-Vorpommern, so to speak, to the owner, what he wants to give
out.

MH:
Yes, okay. It's still interesting to find out how different, so it's similar in different federal states, but then
there are different methods of publishing some of the data.

Representative Forst-MV:
Yes, | know, because we all know each other, so to speak.

MH:
Okay, then at least | have the two pieces of information | wanted from you and thank you.
Thank you very much.

I11.d Interview with a management representative of the Finnish Forest Service
‘Metsakeskus’,

MH:

First of all, thank you for talking to me. I'm just going to quickly sum up my research. I'm researching the
use of open data in the forestry sectors in Europe, and I'm specifically looking at Finland and Germany
and the implications for a common European forest monitoring system if it is set up. Could you give me
some information about yourself and your work background?

Metsakeskus representative:

Yes, my name is Ari Eini, | work as the director of Finnish Forest Centre. Finnish Forest Centre is an
organisation working under the supervision of the Ministry of Forestry and Agriculture. So we implement
the forest policy into practice.
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MH:
Yes. What is your understanding of open data?

Metsakeskus representative:

Open data, one of the main tasks of Metsakeskus, so forest centre, is to gather and process the forest data.
That includes the data concerning the nature, but also the timber and wood. And basically all the
information is available publicly that we produce. We are a public organisation and in that sense,
basically, all we do is public. Of course, not the personal details of the owners. But all the information
that we produce is open. And the idea is that the forest sector would better, that it would increase the
quality of the operations. Also the silvicultural work, forest management, but also from the natural side,
to be able to see what's important habitats and the diversity of the nation. And we also use the forest
information actively ourselves, because another task for us is to implement the forest legislation. So we
use the forest data to implement the legislation and we try and also, how do you say, I'll use it
automatically as much as possible. And the third job for us, the legislation, the forest data, the third one is
to help and promote forest-based businesses and economies in Finland. So this forest data serves
ourselves, it serves the nature and it serves the forest owners and forest actors.

MH:
So from an organizational perspective, is Metsakeskus the only organization in Finland that does that and
that gathers all the information, or are there any other organizations involved in forest monitoring?

Metsakeskus representative:

There are, | would say that under the Ministry of Agriculture and Forestry, there are three organizations
which are involved with the forest, not forest management but forests, let's put it that way. Metsakeskus is
one, second one is the Metsahallitus, which governs the stately owned forest and land and water areas. So
they have two sides, they operate as they make business, they take care of the business side but then
there's a fireball and on the other side is also the natural issues, sustainability, protecting issues. And the
third organization is LUKE, Luonnonvarakeskus, which is a natural research institute. So they do both
agricultural and forestry studies and investigation, national forest inventory. So the LUBKE makes the
large-scale inventing of the forests, which serves political level decision making. Or, let's say, for
example, when we look at the European Union, that is like large-scale information. Whereas the data that
Metsakeskus supplies that is for operational work. So it goes to the details of the compartment and forest
holding. And we can make recommendations on the forest management, for example, tending of seedling
stand based on this information.

MH:

So these three organizations, do they have the same standards in terms of the data collection on forests?
Or is there, because | talked to someone from Germany earlier and there it's basically you have 16 states
and in all of the states it's done in different, a little bit of a different way.

Metsakeskus representative:

Well | would say that yes and no. | mean the National forest inventory, as | said, that is for larger scale
forest inventory. And I don't know all the details about that. Well, | don't know the details of our own
system either, because there are specialists doing that. But basically, as | said, when it comes to this
operational forest data, we have the national forest data standard. So not only forest center, but also
Metzahamnitus and the companies. And everyone works with the same standard. So the data can move
easily between the various actors. And the idea is that when we have our, when we produce our
information, we used LIDAR scanning, you know, laser scanning. Then there is aerial pictures, aerial
imaginary and field sample plots. And then all the result of these three things are then combined and
modeled and that forms the information. And this standard is common for the forest sector. And when we
get the data ready, we release it, it's open for anyone to use. And we also combine some other
information, for example from Finnish museum agency, you know, there are some old things which need
to be reserved. And then also from the environment side, because there are two ministries, there's the
Ministry of Agriculture and Forestry, and then there's the Ministry of Environmental Issues. They have
some information there on the threatened species, for example and all that information we use and
combine it to our data when we serve it to our customers.

MH:
So you collect the data and then which regular monitoring or reporting systems are in place or which
reporting systems do you have on forests that are the most important?
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Metsakeskus representative:
When you say report system, do you mean the technology? How we supply it?

MH:

I mean more, do you have like a study that you do every year on the forests? The quality or the state of
the forest? | mean what maybe more like what publications do you make? Because for instance in other
countries, some countries have like every year they publish one report on the state of the forest, or they do
it every 10 years or every 5 years.

Metsakeskus representative:

Yes, that report on the state of the forest is supplied by the Luke, by the National Research Institute.
Okay. So they supply that report on the national forests and they report it. But this, our information, |
would say we don't report it anywhere, we just publish it.

MH:
Okay, let's move to maybe you have this online portal, the metséan.fi. Yes, sorry, my Finnish is not...

Metsakeskus representative:
No worries, your pronunciation was very good. You have been to Finland, haven't you?

MH:
So you have it for forest owners and forest operators. What is the main goal of this portal?

Metsakeskus representative:

The main goal of this Mets&én.fi is that that is one of the channels what we use to distribute the
information. And when we published the Metséén.fi in 2012, I guess it was for the first time, it was first
that kind of service, internet service for forest information.We try and make it easy for the forest owner to
increase his willingness to manage his forest. So at one side he can see what are the options, what should
I do, there are recommendations, and there are also channels to contact the forest operators. And so it
started from information channel to the forest owners, but during the years it has enlarged and it's sort of a
place to meet between the forest operators and forest owners. And that is one of the distribution channels.
Then there are, you can also see the open forest data through our internet pages, where we have made sort
of ready-made packages. And then the big companies, they use this information directly, how do you say.
They can use Metsaan.fi, but they basically have an electrical connection between the forest and the
information. So there are basically three different ways to use it.

MH:

Is there an aspect, or | read on the website, | translated it, but I'm not sure if everything was super correct.
Is there an aspect of crowd sourcing that individual forest owners, they can upload data or information on
the forests in the portal or is it more like the other way around?

Metsakeskus representative:

They can, private forest owner can contact us and say that this is wrong, | mean this is wrong information,
this should be this and that and then it's up to us to double check it and correct. Not anyone can supply us
the information because we, Metsékieskus is responsible, the forest, the act of Finnish Forest Centre that
states that we are responsible for the correct information. So we cannot take the information just like that,
okay this is okay and that is all right. So but for example we also get information from the forest operators
like for example, if you have this final harvesting area, the company can supply us information telling that
we have now made the harvesting, you can change the setting and we use that information actively. So it's
not only supplying from us, but we try and circulate the information as much as possible, because
whenever someone uses the information, that's a chance to correct and make it better.

MH:
So now the portal, you need to log in and it's only accessible to forest owners and the operators. Yes.
Why is it not open data in the sense that you don't have to log in and it's just there?

Eini Ari:
Because there are also the forest owners name and address and everything, the details, personal details. So
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according to the GDPRs we cannot open that data. But the same data is available through the map service
in our webpage. But there are not the names of the forest owners.

MH:

I also saw that there's this open data portal by the Finnish government. Avoindata? And there you can
find access to the Metsakeskus data on forest resource patterns and grid materials. So do you know how
the cooperation is with the Avoyne data portal?

Eini Ari:
We have.Yes, the idea is that we try and bring our information to all different platforms, if you put it that
way. And that's why it's also available through that AVOID data. But what was your question?

MH:
Okay, maybe I'm going to reach out to one of someone from there.

Eini Ari:

But we have one more thing, when we produce this information, we do it, one actor which has an
important role in this play is the Finnish Land Survey to them. So of course this land survey has, they
have a very crucial role when it comes to anything that happens in the in registration so we have very
close, we get all the forest owner information from them and we also supply our data to them so wherever
their data is available they also have our data.

MH:

Okay, so in Finland and in many other countries, there are a lot of small forest owners. So now you have
the metsaan.fi portal for them. Do you have any other experience how you can motivate these people to
actually care about their forest and manage their forests. Because | think it can sometimes be hard to
reach them because they might not have an interest in managing their forests.

Eini Ari:

Yes. Yeah. In our portfolio of services, it has been advising and educating forest owners has been on very
top of the list. So we run different kind of lectures, lessons and courses. You can find information on
various issues from our webpage. But of course, that already assumes that you have interest to go to our
webpage. So the problem is the silent forest owners, which are not interested. Until recently, we used to
choose every year, sort of 10,000, 20,000 forest owners. And we have certain criteria. | mean, if you have
lots of silvicultural needs in your forest, or if we can see that there is lots of important natural habitats in
your forest, we made a list of that kind of forest owners and called them and try to improve that of
forestry. And until last year we did something between, we reached with telephone six to ten thousand
forest owners, so-called silent forest owners. Of course the idea is that we work with the public money,
with the state money, so we don't want to contact those forest owners which already have a contact with
some operator or forest owners association. So we just try to find those restaurant owners are not listed, if
you put it.

MH:

Do you think, or I'm not sure if you can tell, but do you think that these small scale forest owners are
interested in data about the forests? Or if the data on the forest was, if they could check it online, do they
not really care about it?

Metsakeskus representative:

I think forest and forestry sector, as you probably know, is a big issue for Finland. Almost 20% of our
export sales are forest-based products. And so there's lots of every... We are five and a half million people
in this country, and | think everyone has a personal opinion on the forests. Either you are a forest owner
or not. But the fact is that there is so much debate nowadays on the papers about forestry that makes
people interested. So | think we have... Say if you go 50 years back, 50 years ago, most of the forest
owners were farmers. But now most of the forest owners live in the towns. They are teachers or engineers
or whatever. But forestry is getting sort of a hobby for them. And if you increase your interest that look
even if you have a 20 hectare piece of land that may pay you a salary for a 13th month. And I can see that
if we compare the situation 20 years ago and now the people are more interested in the forest ownership
now than 20 years ago. And when | say | told you we have decided to finish calling them. But we try and
improve more and more e-services. So that every year we supply new information for one sixth part of the
country. So we have a six year program to go through the whole country. And whenever we get certain
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areas ready, we contact that area forest owners and forest operators. Now there's new information on this
area. Please go and check. How do you think about this and that?

MH:
Do you have an information or do you have information of how many people or how much percent of
forest owners use digital services?

Metsakeskus representative:

We haven't. | mean, there are, depending on how you, a little bit how you calculate, there are over
600,000 forest owners in Finland. So about every 10th person is a forest owner. Yes. And | think people
more and more, anyone, I'm getting 60 in two weeks time. And | mean, the average age of forest owner is
pretty high, but still more and more people use digital services. And there's also electrical timber
exchange where you can place your offers on this harvesting area, companies, the offers. And that is also
based on this information.

MH:

Okay. One aspect of open data is also the hope maybe that it can help to protect the forests which are
important ecosystems, like where important species live, and that are especially good in storing carbon,
like old growth forests. And this concept has mainly been used in like tropical rainforests to use open data
to kind of monitor that these places are not locked. But this idea has mostly been worked on by NGOs and
like the tropical rainforest. Would you see that this could also work in Finland or is there something that
is already happening? Like similarly that actually the satellite pictures are recorded and if there's an

illegal logging somewhere, there's an alarm.

Metsakeskus representative:

Yeah, that's exactly what we do. | mean, when you do harvesting in Finland, you don't need a permit, but
you need to make a forest use notification to Metsakeskus. So you usually do over 90 percent make it
electronically, you give the notification. And we have, according to the law, we have 10 days time to
react. | mean, if he doesn't hear anything from us, he can basically go ahead. But what happens when he
makes the notification electronically, our system automatically compares the notification, the area, to our
forest data. And if there's nothing special, if it's just ordinary forest, it sends immediately back a message
that, please go ahead. That's all right. But if our forest act, there's clause number 10, which there's a list of
important habitats. And we have tried to locate all those important habitats of our forest data. It's not
100% ready yet. | mean, they may be on the map, but we need to go to the forest and double check it
physically. But basically if the notification meets one of those areas, or if there's something else special,
or a threatened species in that area, then our system sends a message to the forest owner and operator that
please make sure that there, please be aware that there is this or that kind of special thing in this area. And
we also send a message to environmental authorities who are responsible for a different legislation. And
then after the harvesting, we use satellite pictures. And if there is an area which hasn't given a notification
at all, we immediately find it out. Okay. Or if the harvesting has gone to one of these important habitats,
that's also visible on this satellite's picture. So that's what we do every day in our office.

MH:

We're coming to the end already, but there are currently plans for a common European forest monitoring
system. Yes. Would you generally support this initiative? Or let's ask maybe a bit more differently.
Which aspects of transferring the power, so to say, on the European level come with concerns from your
side?

Metsakeskus representative:

Yes, yes, they are. | mean, | think the problem really is that the different countries have so different
systems and somewhere for us are better monitored than elsewhere. And now European Union and the
Commission wants to use the Copernicus program. But we believe that Copernicus has not the
information they are trying to use it for, I mean, the Copernicus program is not, | mean, they can't, the
information is not detailed enough for that kind of decisions that they are going to use it for. So, | mean,
you can't say all those pictures. | think their hopes are how the targets are too tight or what they think they
can do. And basically our formal opinion is that we should use the information that we already have. |
mean, | can't, for our country, | can't say. It's very difficult to see that the Commission's ideas would bring
anything. We have already established a connection with the forest owners. So why should that change?
And we have, | would say that during the last 10 years, the technique has improved so much that we are
really going to the right direction.
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MH:
And | mean, you also already transmit a lot of information to the European Commission.

MH:

Yes. And of course, then another question is that... Yeah, this is a very tricky debate that basically the
European Union doesn't have a common forest policy. There are so many other policies, like
environmental policy, climate policy, trade policy. And the decisions of those DGs are also involved in
the forests. So that's a bit of a tricky course. We see that the forest policy should be in hands of the
national decision making. But the decisions from other polices are knocking the door all the timec. And
also when it comes to monitoring policy and the targets of that, the fact is that we shouldn't go further. |
mean, it's getting to some areas which belong to the national decision making and not to commission.
Yes.

MH:

Maybe to end this interview again with talking about open data. Do you already have plans maybe to
make even more data available as open data? Are there any new initiatives that you are talking about,
maybe also collecting new data that you have so far not collected? Are there any recent developments in
open data? Well, the forest data, the building of the forest data system started from the economical need, |
mean, to help the operators to better plan the harvestings and logistics and stuff like that.

But during the last five or ten years, we have seen that the environmental issues have grown very much.
So what we are doing about the, if you call it raw data, we are trying to utilize it more and more to find
what's important climate-wise or age-wise.

MH:
Biodiversity.

Metsakeskus representative:

Yeah biodiversity details, those are something which we are very much improving right now. So let's put
it that way, for the economical use the data is very good already, but we need more and more different
things concerning the biodiversity. And then we can find those spots in the woods and help the forest
owner and the operator to take them better into account. And basically, as | said, all the data already is
open from our side. So even when it comes to these field sample plots that we do every year. They are
also available for you, for example, science.

MH:

Yeah, no, it's really good to see because | mean, | also saw the portal here in Estonia. There's also a lot of
free available data, but then, like I'm German, when | go back there, | mean, the data is technically
available, but the geo coordinates are missing. So it's you can look at the data on state level, but it doesn't
help you with anything.

Metsakeskus representative:
What we try and do is to make it as easy as possible to use it. And that's why we try to make it, you know,
when we make it open, we really want to make it usable.

MH:
You said that in Europe, there's very different approaches already. Do you have maybe a country case,
which you would recommend me to look into more? Where they also use open data very well?

Metsakeskus representative:

To be honest, | don't know. | think that we are pretty much in the front row. Yeah. | would probably, |
don't know if you have talked to our Swedish colleagues, because they also, traditionally they have lots of
effort.

MH:
Yes, all right. Thank you so much for your time and your answers!

Metsakeskus representative:
It has been a pleasure. Have you been to Finland yourself? | have, yes. Yeah, but I don't know, would it
be helpful if | sent you a few pictures or presentation on the forest data?
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MH:
I would love to have some more information. If you have some reports or even presentations, | would like
to have a look, yes.

Metsakeskus representative:
I can ask one of the guys who works with this forest data if he has sort of a general presentation on
collecting the forest data.

MH:
Yes, that would really help me. Thank you so much. Then I'm going to stop the recording here.

Ill.e  Interview with a data manegement representative of the Finnish Forest

Service ‘Metsakeskus’,

MH:
All right, so maybe you can tell me a bit more about yourself and what you do at Metsakeskus.

Representative Metsakeskus:

Yes, yes. My name is || NN ]EEEEE. 1 work as a forest manager and my responsibilities is to work with
the collection of forest data. One of my main tasks and also the staff that for whom | work as a foreman,
works also with legal forest act things and legislation in the forest sector. But my main task is to collect
and produce forest data. And our organization is founded by the government, so it's public fund
organization, and we are, how do you say, controlled by the ministry for Agriculture and forestry. So they
say what to do with the money they gave to us.

MH:
Okay, who do you work with normally? Do you work with people from the owners or do you mostly
work with the people that collect the data?

Representative Metsakeskus:

Maybe. Well, more in my work, we work more with the companies that are issued in the forest collecting
the forest operators and not forest operators. It's different companies that are specialized in the techniques
of the collecting of forest data by remote sensing. And so, and also other public organizations are
involved in the collection. Like the. Is it land survey.

MH:
Yes. Can you maybe give me like an overview of what data you collect and from which sources this data
comes from?

Representative Metsakeskus:
How do you specify what is forest data for you? | mean, what are you interested about? Because forest
data, what we have, how we have.

MH:
Like you can have the more economic data in terms of civic culture, how the trees like the growing
conditions, basically, yes.

Representative Metsakeskus:

And then | think also we contain in the term forest data, also like the forest. Oh, my english is so bad
today when you don't use it, when you do forest use declarations, you have to do them to us and we then
inspect them and also they are part of forest data in our terms. But then maybe what you more think about
forest data is data about the forests, trees in the self, the vegetation and the soil and the production, how it
grows and how it will develop. But you can also think forest data as bigger as all things that is connected
to the forest.

MH:
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Yes, because actually my question was also going to be if you also collect data on biodiversity in the
forest.

Representative Metsakeskus:

Yeah, yeah. But our main data is the data that is connected to the legislation, like this forest declaration
data that you have to give to us. And also we have this stub deduce forestry that you can apply for. It's
called camera and new legislation is Metca in Finland, and therefore example for the terms in English.
Sorry. When you do operations in small seedling stands. Yeah. You can get substitutes for. For those
kinds of operations in the forest. So they have to apply for the subsidies from us. And then it's a kind of
data that is collected and stored in our forest database. And then we have this real forest data, as I think it
is then collected by remote sensing. So we have a national inventory plan for the whole country, where
there is several organizations that share the costs for the inventories, or not the inventories, but the
collecting of the remote sensing data, that is lidar data and auto photos.

MH:
And so you use the Lidar?

Representative Metsakeskus:
Yes.

MH:
Not the Copernicus satellite data?

Representative Metsakeskus:

No, no. Yes. We also use two other supporters, those, but we use for the production of forest data, Lidar
data and orthophotos. And the land server is the organization that. That is the main partner, and they have
the responsibility of organizing the collection of this data.

MH:
So, okay, maybe this is a stupid question, but I'm still finding my way into this field. Do you, from the
satellite data, do you have new photos every day?

Representative Metsakeskus:

Well, from Sentinel two, you almost have every day, but there's, of course, so much clouds and so on, so
you can't get a clear picture of the whole country each day. But now the whole country, we have a
program where the whole country now gets laser scanned in six years. And we have this year and next
year left of this cycle, inventory cycle, or data collection cycle. Auto photos are taken every third year.
And that's now, for this moment, the ground for our forest data production.

MH:
And this data is also publicly available?

Representative Metsakeskus:

It's public available, yes. And it's then the LAN server where you can get the data. But we are then a user
also putting our own money for the data and the areas that are scanned every year. There are about 20 to
24, 23 inventory areas, blocks that are scanned every year. And the same year, when they are scanned for
lidar data, they also take ortho photos from the same areas during the summer. And these inventory areas
are then the blocks where we do forest inventories and for our use. Then, when we are interested of the
trees there, then we, with other companies, also the same companies does these laser scannings and auto
photos. But there are also different companies that are specialized then inventories. And for the
inventories, we need reference sample plots, reference data from the ground. So we measure from each
inventory areas, inventory area, then field sample plots, and with help of these field sample plots, then the
company that does then the inventory data for us, then they do, with help of the leader data and the ortho
photos and the sample plots, they can do then models that for the whole inventory areas where we then
what is my term, my english so bad today. I'm sorry. They do them models that describes the end product
is 16 times 16 meters squares inventory units. And for each unit that we will define for each three species,
broadly red trees, pine and spruce, then diameter, breeze, tight mean height and what else.

MH:
Yeah, | think | found the information online.
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Representative Metsakeskus:

So we do the inventory for these three tree species, and we get then from this 16 x 16 units, how much of
these trees and what is the diameter on each tree species and length. And of course the basal area. And
then from that information we produce then stand level data. So we produce stands. So we are trying to
keep updated a stand data for the whole country. So we have then bigger areas that are quite similar to
each other in forest terms. And then these units are then calculated to these larger areas. And that is then
the forest data. One kind of forest data that we keep updated and then also uses as open forest data. And
this data is also then the stand level data. And also the forest units data today is also updated. So we
calculate we have, of course, the ground data, is the inventory dates data, what was there when the laser
scanning and the auto photos were done. But then we also calculate to that data the annual growth every
year. And also then possible cuttings and thinnings that we know of will also be calculated into account.
When we get to know things that has happened or maybe will happen in the forest, then we will update
the data. And probably, or let's hope that then in the future, within some years, then there will be a new
inventory. And then we will continue to update the data.

MH:
Do you have a warning system in place? If there is, let's say like illegal logging taking place?

Representative Metsakeskus:

Yes, that's a kind. That's again a different process. Because when we you have to do this forest use
declarations to us. And then, and there again we use satellite change, satellite image change analysis. So
we analyze changes from the satellite data and then compare it to where the cuttings have been told to
happen. And if we found. If we will find cuttings, for example, where the forest act is in place, and where
we haven't had any forest use declaration, then we will start investigation of that case. If there has
happened something illegal.

MH:
And is this data openly available freely?

Representative Metsakeskus:

That data is more background process of ours. But I think also that change detection data is in that case
it's just date of areas where some cuttings have been taken. So yes, you could have it if you ask for it, but
we don't produce it or deliver it as open data that you can download or look at whenever you want to.

MH:
Yeah, | get. So basically the raw data would be available, but the process for internal process.

Representative Metsakeskus:

Yeah, you should then apply for it differently and maybe it would cost something to produce the data so
that you could use it. Yeah, but open data today is of course, all these forest units, 16 times 16 meters
squares, that is open data today you can go into our website site and download them in different blocks or
the whole country. And also the stand data, these like bigger areas are open data. And we also have old
and collect and produce soil and soil data, because you need the soil data when you estimate how it will
grow in the future.

MH:
So when you are just an ordinary citizen and you want to know about the conditions of your local forest...

Representative Metsakeskus:
Local forest on your own forest, then we have also a website where you can log into and look at your own
forest. And we newly renewed the site, so it works better nowadays, also on Ipads and telephones.

MH:
So. But this is only forest owners.

Representative Metsakeskus:

Forest owners and actors. Yeah, forest actors. But here again, we have the forest data and the ownership
connected to the same data. So here, if a forest actor wants data, then he has to. He needs the permissions
from the forest owner to look at his data. But if you. If you just take the raw material, like the open data,
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but then you will get all the data, the same data, but you don't know who owns it. So that's the difference.
Because when, as soon as you connect an ownership to real person, as an ownership to the forest data,
then it's not open anymore.

MH:
Yes. Is there in the data collection in general, do you also ask forest owners to provide or can they
provide their own data? Or their own, maybe not like raw data, but their own information.

Representative Metsakeskus:

We have a forest data act in Finland, that precisely is for our data. And there the forest owner has the
permission to correct things that are wrong in our data. So then we have of course take to accept is this
that big error that we have to correct it? But for example, he has the permission to correct the wrong if we
have wrong data about him or his forests.

MH:
Does that happen often?

Representative Metsakeskus:

Of course, those that uses the data more intensively, they often want things to be corrected. But of course
we have also some things that are more that maybe is okay. It's wrong in sense, because the forest owner
might know that I was. This was cut 2020 and now you say that it is 20 years old. It can't be. But there are
of course, things with the inventory errors. So we can't promise to correct everything because something
comes from the method that we do the inventory. So we can't promise it to be more exact than the method
is. But if there are, it's a little bit. The law doesn't say like exactly that this is an error that we have to
correct, but so we have to like see with it where our standard goes at what do we correct and what we do
not correct.

Then if a forest owner says that you have to correct this, then all that we have is our data and his words
that it should be like this. So for example, another data that we have and update is data about important
habitats of the forest act. And there we are trying to be more exact because those data again is of course
might be a problem for the forest owner, that it might affect how, what he can do with his forest. So if we
are there uncertain about how exactly our data is, so then maybe we. And he can also beg us for what is it
like a real paper where we really say that this is an object by the forest act? And of course, maybe for that
paper we maybe need to go to the forest and really check it once more. Yeah.

MH:

Yes. Okay, so I'm jumping a bit to the questions now because, I'm sorry, but | talked to some people in
Germany and they said that a lot of the surveys, especially for the sample plots, they're still done by going
to the forest, to the sample plots and recording everything manually on paper.

Representative Metsakeskus:
Yes.

MH:
Do you still do that?

Representative Metsakeskus:

Yes. This forest data inventory is done like this, | said, by modeling and by remote sensing. But then
when we check the forest laws, then we do more for field work. So if we, for example. Yeah, but when
we do field inspectations, you maybe would tell them. So then we have to measure in the field. Yeah, but
nowadays we also use, for example, drones and such data in the inspection work.

MH:
But is there some sort of data that you can only collect by physically visiting the forest?

Representative Metsakeskus:

For example, we have an act about forest damages. And when you do, for example, a thinning in the
forest, then the basal area is not allowed to go too low in the area and you may not damage the other trees
too much, either the root or the stems. And today, for example, there is no remote sensing or drone that
can collect the data of how is the stems looking? Is there a lot of damages on the stems after the thinning,
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for example, maybe the trees, you can calculate from the drone data how many trees there are left in the
area.

MH:
But from the data you had before and then from the data how much?

Representative Metsakeskus:
No, you always have to take new data because the data that is taken out, we will not get.

MH:
Okay. Okay.

Representative Metsakeskus:

Yeah. So, for example, we have been trying to collect these kind of data nowadays, but with drones. So
the drone then takes a picture and you can then analyze how many trees there are left. And then after that
you will go in and just check at the forest damages in the trees and collect data separately in the field.
And then all days you went into the forest and then you make sample plots and collected the whole data
in the forest. But now we have tried to do like hybrid inspections when you use drones and you use field
work together, for example, for this use. But the problem a little bit with the data from the sky is that it's
not so easy to see all trees. So today it's maybe more, | don't know if it's more exactly, but it's more easier
for the other part to accept the data if you do it in the field still today. But of course, when you go to the
field also, you have to do sample plots. So it's just, it's not the fact, because you can't. We don't have
resources to count all trees.

MH:
Now, I'm curious about the use of the drones. Yeah, so the drones, do you use them, they just record
videos or are they equipped with software that already measures.

Representative Metsakeskus:

They are equipped with a lot of sensors. That is also something that we buy from operators. So we get the
ready data. For example, we do a lot of drone inspections after the cuttings. So, for example, easy task for
the drone. If you have important habitat that has to be without the cuttings, then we put the drone and it
will fly and collect the data from the trees. And of course, we will get a really good quality of the image
from the drone and the drone data. I'm not really into it, but one kind of thing is that it takes a lot of auto
photos, and then from the auto photos you can produce a point cloud, and from the point cloud then
calculate each tree's diameter and height and so on.

And also there are scanners nowadays, so there is a lot of different technologies and sensors on the
drones, but the operator then does the analysis for us. So we will get our data is then the photo and a point
data where each tree that is analyzed is then on the map, and then we have the tree data and then we have
the picture. And from the picture, for example, we can then check quite exactly, is the habitat then intact?
Or has there something happened? And if it seems that it's not intact, then we can then maybe do some
hearing. Or then we have to go to the forest and check it again more exactly, or already then after the
hearing, then send it to the police for further investigations. And then from.

From the pictures also we can measure, for example, dead tree, and if there are some water elements, how
they have been taken into account in the cuttings, or for example in the soil preparation and so on. So we
can check a lot from the very exact image that we get from the drone.

MH:

There are also these international monitoring reports on the land use and the capacity of forests to store
like carbon and to service carbon sinks, basically. Are you at Metsakeskus also responsible for these
reports? Or is that someone else?

Representative Metsakeskus:
That's someone else. It's LUKE.

MH:
I've heard, look. But do they collect their own data or do they correct your data?
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Representative Metsakeskus:
They collect their own. They don't use these datasets in their collection, but they use more satellite data, |
think.

MH:
Okay, interesting. | thought they used the same data as you.

Representative Metsakeskus:

Yeah. And for them we also have then the Finnish National Forest inventory, and that's a different thing.
And that's also open data. And also in 16 x 16 square meters units produced data, but these are different
locations. It's the same location, but it's a whole other method. How it's produced. It's produced by
satellite data and the sampling is otherwise done. So the accuracy on the stand level, the accuracy is not
that good as our data, but for the whole country it gives like a better and with less error estimate for
bigger areas. Again, so it's their data and their methods then, that are used for. For these kinds of analysis.

MH:
And now we've talked about open data quite a while. I've actually wanted to ask this in the beginning, but
what do you understand as open data in forestry?

Representative Metsakeskus:

Yes, but | understand this is maybe data that you easy can access without asking anything. And what we
produce, I think open data is these datasets that you can download and then do whatever you want with.
And also we have, if you know, data set provided on your server that you can connect to and look at your
own data, so you don't need to download the data. | can't remember the terms in English.

MH:
Okay, yeah. So it's like web based?

Representative Metsakeskus:

No, I can't remember the terms. But for example we have the land survey, they provide. I can't get it into
my mouth. They provide open. What is it? Open. Okay. They have a server that provides a service so that
you with your computer and your GIS program can connect to the server and then look at the data. Yeah.
So we have these open services for example for the forest use declarations for the forest data stands and
also other kinds. And also, then you can download them if you want to your own database. Yeah.

MH:
So you already said that the data that is only in the Metsaan portal is the data that is like private data
where you can find like information about ownership also.

Representative Metsakeskus:

Yeah, yeah. So there it is in Metsand fi. There everything is connected to the forest owners. So. And that
services is today at least it's not a place where anybody would go and look at our open forest data because
there it is then connected to the forest owner and you need to log into it with these procedures that
protects the forest owner.

MH:
But then in the portal you find the same information?

Representative Metsakeskus:
Open data. Yeah, it's open data but just like already like tailored to the specific needs. Yeah. So if you as
a forest owner login, then you will only see your own properties and the data from your properties.

MH:
Yeah, but there's no extra data that is not openly available.

Representative Metsakeskus:
There are extra services because in the medicine alpha fi is also a portal for the services to us. So you can
send electronically your forest use declarations and your applications to us and so on. And also the actors
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can do it. Yeah. So it's more than a place to see all open data. It's also like a public service to where you
can do your business with us.

MH:
So as I've kind of realized now, Finland is pretty advanced in this field and pretty, they're, yeah. Already
doing quite a lot.

Representative Metsakeskus:
Which other countries are you investigating? You said Germany.

MH:

I'm also looking at Estonia because Estonia has also a very open system and then I'm also looking at
Spain. But then Spain is very different so I might end up not taking Spain. Okay. And Sweden is also
quite similar probably to.

Representative Metsakeskus:

Yeah, it's quite same. But, but maybe the difference is that they have almost the same data sets provided
openly. But one big difference is the forest stand data that we produce and the accuracy also that they
produce isn't as good as our. But they don't provide forest stand information they have in their open apps,
they have a system where you can draw a stand and then it will tell you how much it forest there is inside
that area that you draw. But then it's also the inventory date data, so they don't do any updates or
something like that. So they just have this 16, | don't remember, is it 16 times 16 meters squares and it's a
static data that isn't updated or anything. And it's also only the total for the forest totals.

So total volume, total basal area, total mean height, mean diameter. And we are like trying to produce
then separately for at least these three different tree species, the data and then produce from these three
species, then the total for the area.

MH:
Going back to the open data. Do you have any clue how this is used or if it is used, the open data?

Representative Metsakeskus:

It hasn't been open since. Was it now | don't really remember. Was it 2017 or 2018? And after that, | think
the real use of our data production has like really got to the field and is used today. And it's more and
more in use. So it's a really good thing that it got opened. Before we started in Finland with this remote
sensing inventory in 2010. Before that we did only inventories in field. And also, then there were 13
independent forest centers. And the total inventory area in field was one point, was it over 1 million ha
every year were inventory in the field. And then in those days, the forest center also sold forest
management plants to the forest owners, like for, for this business. Like, like for like a business.

And, and maybe 30% of the forest area that was inventory where then done into forest data, forest
management plans. So then they of that data, of course, when to use. But the other 80, 70% for a time,
nobody almost used that data. But now, today, all data, every day someone downloads the data and uses it
in their own organizations and operations.

MH:
Do you have statistics of numbers? How many downloads you have on this?

Representative Metsakeskus:

There are some statistics, yes, but | can't remember them really myself. But, but the usage, the download
usage, we don't know who downloads and who are in contact with our servers, but the usage has gone
upwards all the time since 2018 and are still going really a lot upwards.

MH:
And do you know who, like, I mean, you don't know from the data, but maybe from personal experience
who these people are that download the data?

Representative Metsakeskus:
Mostly. Mostly forest organizations. Yes. Okay. And then they also have, I think, like in their own
systems, then some kind of routines that tells that they know, there's new data there and then they will
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automatically then download it and so on. Or then they download it each month or each some procedures,
how often they download it.

MH:
Okay, so as | see, you already have quite a good system in place.

Representative Metsakeskus:
Yeah. And working system. Yeah. And the big deal in the system is also the forest data standardization.
So we have standards for the forest data, all data. So that helps also the usage.

MH:
And they are all the same all over the country.

Representative Metsakeskus:
Yes. And we are the organization that has a task to maintain the standards. But there are in the work for
the standards. There are people from the whole sector that is then updating the standards if needed.

MH:
So if you could say what could other countries maybe learn from this Finnish approach of how data on
forests is utilized by a public institution?

Representative Metsakeskus:

Difficult. I think the standardization is maybe a quite big thing because without that it's not so easy to use
the data. And of course we as an agency, it's important for us that everything is digitalized. For example,
when you send us forest use declarations or other applications that everybody has the possibility to
produce services their own, that they can send it to us digitally.

MH:

Yeah. I've talked to some German forest officials and there it's really complicated, but you have to get
like the forest usage, like the approval of operations in your forests. You have to do a lot of paperwork,
print it out and send it by mail. And then.

Representative Metsakeskus:

Here. Now you can do it in metsaan.fi yourself or usually the forest operator does it for you. So when you
do a contract, then the forest operator do it and then they can send it into us in their own system. They
then have a connection to our server that takes the message from them.

MH:
And the only way to do that is online. You cannot do this with paper.

Representative Metsakeskus:

You can do it by paper. But today 94% of all declarations comes by digitally. But of course there are a lot
of these declarations. So this 6% is a quite, makes a quite big work for us because then we have to
digitalize them ourselves.

MH:
| see.

Representative Metsakeskus:
Yeah. And in Finland we have ten days to react. So after ten days, if they don't hear anything from us,
then it's fine to go and start cutting.

MH:
Okay.

Representative Metsakeskus:
I don't, I don't know any other country where you that fast after sending the declaration is allowed to go
out and do the cuttings after ten days.
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MH:
From your personal experience, is there something that you would like to change in the system?

Representative Metsakeskus:
Yeah, but maybe more about money, use and so on. But it doesn't belong to this.

MH:
I mean, it already seems like a system that is working quite well. Yeah, but I guess there's always room
for improvement all of a sudden could.

Representative Metsakeskus:

Make the data better. But of course resources are always a... You have to say the finnish government
have put in the days and also still puts a lots of money into this data and to the production of data. But of
course, if you would have more data, the data would better. But of course you have to what is. What is
then enough.

MH:
Yes. All right, thank you. I think | already asked most of my questions.

Representative Metsakeskus:

My questions and if you need you, I didn't read your paper too much. But if you need more about the
strategies and so on those you will find that the ministries sites and | saw that they are also almost
everything there were also in English.

MH:
Yes. And | was also on the Metsakeskus website and | just translated. Yeah, translator. So it worked.

Representative Metsakeskus:
Yeah.

MH:

And do you have any recommendations maybe what | could still look into for my research. | guess my
main argument will be Finland as a good example. And like, so you said maybe one thing, that you used
to have 13 independent forests.

Representative Metsakeskus:
Agencies and organization, yeah. But now we are on a countrywide organization nowadays. Yeah.

MH:
And that you don't need to mention.

Representative Metsakeskus:
Yeah.

MH:
Okay. No, because | was just thinking in German you have like 16 different forest authorities and they all
do different things.

Representative Metsakeskus:

Yeah, we had those less 13 or some. There has been also organizations before that, but of course they all
then had the same agenda and so on. But of course, also when you have two workers, they don't do the
same thing. So | think it's more equal now than what it was before 2012.

MH:
All right, thank you so much. Yeah, maybe if | have a more specific question and find the answer, I'm
going to maybe send you just an email.

Representative Metsakeskus:
Yeah, yeah.
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MH:
Great.

Representative Metsakeskus:
Good luck with your papers.

MH:
Thank you. And yeah, wait, I'm going to stop the recording and then you are free to continue your

working day.



