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The aim of this study is to assess the potential of Earth Observation and climate data for the forestry sector
focusing on the Copernicus Climate Change Service (C3S). Although forestry researchers recognize the impor-
tance of Earth Observation and climate data, forestry practitioners currently work mainly with land cover in-
formation, largely neglecting climate data. Understanding its potential for the forestry sector becomes thus
important, as to align the vast offer of climate services in Europe to different forestry users and stakeholders’
necessities. Interviews, surveys, and dedicated workshops were used to collect a series of forestry end-users’
needs and requirements regarding climate data. End-user’s requirements were categorized through a SWOT
analysis, which allowed to identify perceived internal strengths and weaknesses, external opportunities and
threats to the increased use of the C3S. Results indicate that improved climate services for the forestry sector
based on C3S data would benefit from enhanced training on the use of climate data, improved provision of
services integrating climate with non-climate data, the provision of new variables and indicators, and the
integration of machine learning techniques for developing data and information in support of the deployment of
climate services. These findings are relevant to close the gap between demand and supply of climate services for
the forestry sector and provide a basis for further exploring the value of climate data in serving a wide array of
forestry stakeholders. Going forward, increased knowledge on user requirements from both forest practitioners
and policy-makers can be beneficial to develop accessible tailored services.

transformation of the forestry sector, introducing innovative tools

Practical implications

at the service of scientists and practitioners. When seeking pre-
paredness and adaptation to risks linked to climate variability,
past and future climate conditions are fundamental variables for
improving forest planning or guiding forest disturbances risk

The forestry sector plays a paramount role in achieving a climate
neutral economy based on sustainability and resilience. In Europe,
policies addressing environmental sustainability, biodiversity
loss, and climate action place forests as a central pillar for
strengthening biodiversity preservation, achieving carbon
sequestration and ensuring the provision of multiple ecosystem
services. At the same time, countries are pushing for a digital

management. Although climate data are commonly used by sci-
entists, forestry practitioners still make a limited use of such data.

The integration of climate data in forestry decision-making pro-
cesses can lead to targeted and more accurate services which can
contribute to the ecological resilience of European forests at the
local and national scale. Seasonal forecasts can inform forest
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managers in their routine practices anticipating or postponing the
planting or the harvesting operations based on the frost period.
Firefighters can also be better prepared to manage forest fire risk
through climate services providing local fire projections. Climate
information can also support forest policy-makers in defining
practice-oriented adaptation strategies and targets. However, to
provide accessible and accurate climate services, their demand in
the forestry sector needs to be understood. A close interaction
between users and providers for building integrated climate ser-
vices is crucial, as it enhances user engagement in the service
delivering process.

The presented study aims at identifying user requirements to
assess the potential of Earth Observation and climate data for the
forestry sector focusing on the Copernicus Climate Change Ser-
vices (C3S). The C3S is run by the European Center for Medium-
Range Weather Forecast (ECMWF) on behalf of the European
Commission. Exploring its potential for forestry-related operations
and planning become thus relevant for developing tailor-made
services for forestry based on historical climate data, seasonal
forecasts and/or long-term projections. Through an online survey,
semi-structured interviews, and workshops with forestry end-
users, we collected users’ requirements on C3S data. End-user’s
requirements were categorized through a SWOT analysis.
Strengths, weaknesses, opportunities, and threats of the currently
provided C3S were discussed to identify the main user needs from
the forestry sector as to align them to the vast offer of climate
services in Europe.

Through this assessment, the article introduces the main features
demanded by the forestry sector to ensure the accessibility to high
quality climate information in a user-friendly manner. Training on
the use of climate data is crucial to raise awareness of the potential
of climate data among practitioners, scientists and policy-makers.
Training sessions can guide the selection, application, and inter-
pretation of climate data and scenarios, besides improving the
connection between demand and supply of climate data. There is
also a demand for alternative pricing models of the climate ser-
vices, to ensure data accessibility by small and medium enterprises
and to foster the cooperation between private and public entities.
Among the opportunities that foresee a positive engagement of
users in using climate services, the integration of climate with
non-climate data (land, atmosphere, ground, soil, and socio-
economic data) is largely demanded by forestry end-users. Inter-
mediate climate services providers can thus be guided in
improving and developing climate services targeted to the forestry
sector, such as projected future species distribution maps, emer-
gency risk management platforms and predictions on bioenergy
consumption, services identified in this study. For instance, the
information collected in this study was used by purveyors to
develop a prototype of tree species distribution map providing
digested and user-friendly information to business owners and
technical staff about the effects of climate change on forests.

Additionally, the findings of this research present the main in-
ternal and external barriers in the usage of climate information.
The low temporal and spatial resolution is one of the main limi-
tations identified by users when using climate data for their work.
However, this requirement can be fulfilled only through higher
computational power and improvements of the downscaling
models. Subseasonal-to-seasonal (S2S) predictions are also
becoming key, especially in the development of rapid detection
services, for fire management as well as insect outbreaks and wind
throw risk. Moreover, the low specialisation of non-technical
forest staff can lead to misinterpreted data when consulting
climate services. A User Learning Service tailor-made to the
forestry sector can thus be developed to increase the knowledge on
the use of climate data.

Finally, this study contributes to the alignment of service provi-
sion with user engagement to support the generation of techno-
logically sound and wuser-centered services. This increased
integration would support win-win solutions for both the C3S,
through increasing the uptake of its data repositories by a growing
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and diversified body of European actors, and the European forest
sector creating new job opportunities and enhancing the climate
resilience and adaptation to climate change within the sector. We
consider that the lessons learned in this study can assist re-
searchers in the field of climate service research, and forestry
practitioners interested in applying climate services. This paper
provides insights into how new governance regimes and the
development of new integrated climate services can be of crucial
importance to further extend the uptake of C3S in the forestry
sector.

Introduction

Impact of climate change on forest ecosystems is an important
contemporary concern (Dyderski et al., 2018; Lindner et al., 2014).
Besides affecting forest productivity, observed effects of climate change
on forest ecosystems include changes in tree growth patterns, drought
induced mortality and species distribution shifts (Lindner et al., 2014),
as well as additional effects on water availability, increasing pests and
diseases, and the rise of detrimental effects of natural disasters (e.g.,
mega-fires) (Adams, 2013). Recent extreme events such as the most
extreme drought and heat wave on record in Central Europe (Brun et al.,
2020; Buras et al., 2020) led to widespread tree decline and decreased
productivity (Bastos et al., 2020). Climate observations indicate that
such extremes have substantially increased over the past decades (Lor-
enz et al.,, 2019). Despite being dramatically impacted by climate
change, forests also play a major role in mitigating its detrimental ef-
fects. Forests are important carbon reservoirs and harbour most terres-
trial biodiversity (FAO and UNEP, 2020). Moreover, they provide a wide
array of ecosystem services like production of goods, recreation, and soil
and water protection (Duncker et al., 2012; Maes et al., 2020).

For all the above-mentioned points, the forestry sector plays a
paramount role in achieving a modern, competitive, and climate-neutral
economy by 2050, as recommended by the European Commission in its
“A Clean Planet for All” vision (European Commission, 2018). When
ensuring sustainability and resilience in the forestry sector, the
deployment of a new circular bioeconomy can be enhanced, focusing on
resilient and healthy forest ecosystems, and positively contributing to
the overall European economy. The EU Green Deal provides the main
guidance to the European Commission’s legislative work for the period
2019-2024 (European Commission, 2019b). Climate change mitigation
and adaptation are central in this policy line, as to increase the effort
towards carbon neutrality by 2050.

Among the key actions to achieve carbon neutrality, the European
Commission explicitly mentions that a European-wide digital trans-
formation must be supported as “a key enabler for reaching the Green Deal
objectives” (European Commission, 2019b). Both the agenda of the Eu-
ropean forest-based sector 2030 (European Technology Platform, 2020)
and the vision of the EU forest-based industries for 2050 (CEPI, 2019)
indicate the key role of Earth observation (EO) for reaching their targets.
Although forestry researchers recognize the importance of EO and
climate data for forest planning and management, forestry practitioners
currently work with mainly land cover information, largely neglecting
climate data (Bruno Soares et al., 2018). Land cover data is used to map
forest area, assess canopy health, and execute forest inventories, among
other uses (European Commission, 2018, 2019b). Climate data is
deemed necessary by forestry researchers, advocating its use in forest
simulation modelling and forestry impact assessment for developing
climate scenarios (Fontes et al., 2011; Reyer et al., 2020). Therefore,
coupling EO and climate data has a huge potential for the forestry sector,
as to integrate climate change effects into forestry decision-making
processes and thus improving the ecological resilience of forests.

Forest scientists use EO and climate data in assessing the habitat
suitability of different tree species and give an insight on ecosystem
services like climate regulation, flood protection, and water and air
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Table 1
Overview of the forest end-users participating to semi-structured interviews (N
= 9) and workshops (N = 3).

Semi-structured interviews

No.  Organisation Country Sector Interest in climate data
type
1 Association Spain Forest Interests in climate data
productivity to improve forest
and bioenergy management and to
know, in advance,
bioenergy demands for
heating systems.
2 Private Spain Private forest Interest in climate data
company manager for forest
productivity projections
and risk prevention
regarding extreme winds
and droughts.
3 Public NA! Ecosystem Interest in climate data
research centre services for forecasting mushroom
provision productivity in forest
(mushrooms stands.
and truffles)
4 Public Italy Disaster Interest in climate data
research centre management for building integrated
(fires, floods) wildfire forecasting
models.
5 Private Finland Integrated Interest in climate data
company forest for (i) integrated wildfire
management, forecasting models, (ii)
remote sensing  developing land use
monitoring tools. Current
user of the C3S.
6 Private Spain Disaster Interest in climate data
company management for (i) integrated wildfire
(fires, volcanic forecasting models, as
eruption) well as (ii) simulating
other natural disasters.
Current user of the C3S.
7 Public Germany Disturbance Interest in climate data
research centre risk for developing multi-
management criteria modelling
forecast of disturbances
(storm).
8 Private Finland Forest Interest in climate data
company management for forest management
consultant plans and forest extension
services.
9 National Slovenia Forest genetic Interest in climate data
research centre for long-term species
distribution modelling.
Workshops
1 Forest Pan- Forest genetics  Interest in climate data
genetics” European for monitoring
conservation units of
forest genetic resources.
Ji4 Bioenergy® Spain Bioenergy Interest in climate data to
improve forest
management and to
know, in advance,
bioenergy demands for
heating systems.
m Wildfire Pan- Wildfire Interest in climate data
community” European  management for multiple uses

(modelling, improve
predictions, create user-
friendly wildfire risk
products, etc.).

! Information not provided by the user

27 participants
39 participants
4 11 participants
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purification, which have important indirect economic implications.

Climate data are also useful when coupled with phenological data to
understand the duration of the growing season and how tree species
distribution are affected by minimum temperatures (Kramer, 1994;
Menzel & Fabian, 1999). Besides, EO and climate data are important to
inform managers and practitioners when responding to increased
droughts, frosts and pests (Allen et al., 2010, 2015; Vitasse et al., 2019).
As forest productivity is expected to shift with climate variation, the
provision of climate change projections to this sector is valuable for
long-term decisions on planting strategies and exploitation plans
(Keenan, 2012). In the case of wildfires, climate data supports wildfires
projections, climate-fire models and the influences of fuel load/struc-
ture, essential for the prevention of forest fires (Dupuy et al., 2020).
Medium-term decisions as harvest operations, postponed/anticipated
planting, soil treatment methods, timber transportation etc., can also be
informed by seasonal forecasts (e.g. 1 to 6 months) (Jonsson &
Lagergren, 2017). Forest managers need to predict heavy precipitation
and unfrozen soil before the harvesting operations to avoid the use of
heavy machineries, which can increase soil compaction and erosion
(Cambi et al., 2015; Stone, 2002). Finally, the increasing frequency and
intensity of extreme events like wildfires, heat waves, and extreme
precipitation (IPCC, 2014), require forestry stakeholders to anticipate
their detrimental effects as to improve the resilience of forestry opera-
tions. Climate data is thus critical for both researchers and practitioners
allowing to map tree species vulnerability, guide risk management and
plan accurate long-term forest restoration and conservation strategies
(Fremout et al., 2020).

To improve the integration of climate data in forestry operations, we
assess the potential of EO and climate data for the forestry sector
focusing on the Copernicus Climate Change Services (C3S). We do this
by conducting interviews and workshops with forestry end-users inter-
ested to or dealing with C3S data. A users’ perspective for assessing
evolving climate data requirements is highly relevant, as it improves our
understanding on how users are employing climate information in their
decision-making processes. This is especially important when end-user
numbers are rising, due to growing demands for climate data in the
forestry sector and more diversified applications among forest managers
and practitioners. Assessing systematically sector specific users needs on
climate data can support the development of integrated climate services
which can in turn close the gap between the demands of the sector and
the offer of climate services. Our review revolves around the following
research questions:

e What are the strengths, weaknesses, opportunities, and threats of the
currently provided climate services to the forestry sector?

e What are the main user needs of the forestry sector when it comes to
the integration of climate data with non-climate data?

By further analysing the identified opportunities, we were able to
shortlist several climate services integrating climate and non-climate
data, with direct potential in supporting forestry operations to reach
Europe-wide climate change policy targets.

Materials and methods
Data collection

This study assesses the potential of EO and climate data for the
forestry sector focusing on the Copernicus Climate Change Services
(C38S). The Copernicus Programme is the cornerstone of the EU’s efforts
to monitor the Earth and its diverse ecosystems through satellite EO and
in situ (non-space) data. The Programme is coordinated and managed by
the European Commission. Copernicus is the largest EO data provider in
the world, currently producing 12 terabytes per day of data. The vast
majority of data delivered by the Copernicus Space infrastructure and
the Copernicus services are made available to any citizen and
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organisation around the world on a free, full, and open access basis
(Copernicus, 2019). The information services provided by Copernicus
are divided in six themes: Atmosphere, Marine, Land, Climate Change,
Security and Emergency (Copernicus, 2021). C3S provide information
about the past, present and future climate through the Climate Data
Store (CDS). The CDS functions as both a data storage and service pro-
vider. The CDS contains climate observations, reanalyses (through ERA
5), climate projections (through CORDEX and CMIP5/6), and seasonal
forecasts. Both in-situ observation, satellite data reprocessed, and out-
puts from climate models are available for users. This service is in place
since 2018 as a supporting tool for EU private and public actors in
developing adaptation and mitigation plans to climate change. C3S
provide a series of key climate variables and indicators based on tem-
perature, precipitation, humidity, and drought events data (Marconcini
et al., 2020).

Whilst the focus of this study is on C3S data, the scope was enlarged
to two additional services of the Copernicus Programme relevant for the
forestry sector: Copernicus Land Monitoring Service (CLMS), and
Copernicus Atmosphere Monitoring Service (CAMS). CLMS provide
geographical information on land cover and its changes, land use,
vegetation state, water cycle and earth surface energy variables. CAMS
provide continuous data and information on the atmospheric
composition.

To identify the most prominent needs and requirements of the
forestry sector in relation to climate data, a series of end users has been
contacted and interviewed. This perspective allowed gathering the re-
quirements of the sector interacting with a limited number of players
which best represent the different necessities of climate information for
the European forestry sector. Table 1 summarizes the users from the
forestry sector which have been interviewed in the study. Each user was
consulted using a semi-structured interviewing online tool (see Appen-
dix), which was carefully designed to ease and support a standardized
conversation between the user and the interviewer. The focus of these
interviews was on identifying the users’ needs concerning C3S for per-
forming forestry-related activities and the users’ requirements con-
cerning forestry-related variables. Additionally, the interviews also
focused on CLMS and CAMS related variables to understand the
importance of this information for forestry-related activities. The main
outcome of the interviews was to identify how current users’ needs are
fulfilled by the C3S, and how current climate services can be improved
to support users decision-making processes. All interviews were per-
formed online using a virtual meeting software. Interviews were also
video recorded with the user’s consent.

Along with the user interviews, a short structured online survey was
also developed. The aim of this survey was collecting general end-users’
requirements on C3S data. The survey had 22 questions (20 structured
questions, and two open questions), and it was launched and dissemi-
nated between May and August 2020. The target groups of this survey
were any relevant users (from small private holdings to large state-
owned companies, from research centres to policy makers) including
areas such as: forest genetics, forest management, disaster management,
pest control, and urban forestry, which make use, or are expecting to
make use of climate data in their daily work. Forty-three complete an-
swers from European end-users were included in the analysis.

Three virtual workshops were also organised. The workshops
involved users previously interviewed and additional potential users
from the respondents’ network. The aim of these workshops was
building collective knowledge around strategic gaps in climate data
jointly with the invited experts. The ultimate objective was identifying
new integrated C3S services, and their technical and operational re-
quirements, which can support a closer collaboration between the par-
ticipants and the service providers. The all-in-one digital facilitation
platform “HowSpace”, specifically designed for facilitator-led work-
shops and events (Howspace, 2021), was used to facilitate the discus-
sion. All interviews, survey and virtual workshops were designed as to
comply with the EU General Data Protection Regulation (Additional

Climate Services 23 (2021) 100247

Information about Data Protection - Annex, 2020), and all interviewees
were asked for their consent for participating in the study.

Data analysis

Qualitative data analysis was conducted to identify and classify end-
user requirements for climate data. MAXQDA was used to find patterns
on the users’ needs throughout the surveys (VERBI Software, 2019). The
minutes of the semi-structured interviews and workshops, as well as the
report with the results from the short structured online survey were
uploaded on MAXQDA. Trough MAXQDA, the documents were screened
to identify explicit statements defining feedback, requirements, or needs
related to C3S and climate variables. Four main categories were used to
code the statements: Strengths, Weaknesses, Opportunities, and Threats
according to the SWOT analysis nomenclature (Sinha et al., 2020).

SWOT analysis

The SWOT analysis is a widely used tool to prioritize organisation
cores competencies and develop business strategies. It can also be
applied for exploring and classifying the factors impacting positively
and negatively on the achievements of strategic objectives (Sinha et al.,
2020) or for systematically assessing analytical and overarching
frameworks (e.g. Ecosystem Services framework), as to identify main
influencing factors (Bull et al., 2016). In this study, we used the SWOT
analysis to classify perceived strengths and weaknesses, external op-
portunities, and threats of C3S data for selected forestry end-users. We
operationalised the SWOT elements using the following definitions:

o Strengths (S) are existing features of the C3S that are currently sup-
porting the forestry sector in their research, planning, managerial
and consultancy activities.

Weaknesses (W) involve internal barriers to the C3S that obstacle the
usage of the climate service by the forestry sector. They might refer
to missing features or further elaboration of existing parameters.
Opportunities (O) are elements in the C3S which are not yet available
but could be developed according to users requirements. Opportu-
nities also refer to positive external aspects, such as economic,
technical, social, political, legal, and environmental factors that
might positively facilitate and encourage the usage of C3S (e.g. de-
mand of climate information, or demand for C3S training).

Threats (T) refer to user’s perceived resistances in using C3S due to
external barriers. They may include features that are not currently
implementable due to technological limitations (e.g. satellite limi-
tations in detection) or existing market barriers, such as
competitiveness.

Analytical procedure

According to the above-mentioned definitions, end-user re-
quirements identified as already fulfilled were categorized as strengths
of the C3S. Conversely, end-user requirements referring to a possible
improvement of already existing features were placed under the weak-
ness category. Needs referring to external factors and features not yet
developed by the C3S were considered as opportunities. The external
barriers, technical limitations or requirements that are currently not
fulfilled by the C3S were categorized as threats. Interviewee’s state-
ments in the minutes were categorized in the four above-mentioned
SWOT categories, through coding references in MAXQDA. This anal-
ysis was applied to two main subsectors of interviewed end-users from
the forestry sector: forest risk management and bioenergy users. All
other interviewed end-users (including forest consultants, forest genetic
researchers and ecosystem services researchers) were classified as
“Other sectors”.
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Fig. 1. Representation of the SWOT analysis of the Copernicus Climate Change Service (C3S) for the subsectors forest risk management, bioenergy and a remaining
class for other sectors. S: strengths, W: weaknesses, O: opportunities, T: threats. (CORR stands for correlation). Internal requirements refer to positive and negative
factors of the C3S offer, while the external requirements are those factors related to any existing climate information providers and users, external to the C3S.

Results
SWOT analysis

Fig. 1 summarises the main findings of the SWOT analysis, disen-
tangling users’ requirements into main perceived strengths, weaknesses,
opportunities and threats. In the following sections, each SWOT
component is further elaborated presenting the end-user requirements
that emerged from the interviews and workshops.

Strengths

Five main strengths associated to climate data provision for the
forestry sector were identified. Four of them were mentioned by all
groups: provision of variables of interest, satisfaction with the resolution
and coverage provided of certain variables, and provision of reanalysis
products. Precipitation, temperature, wind, humidity, snow cover and
forest fires are those variables available in the CDS which emerged as
highly important for supporting forestry end-user operations, when
forecasting forest disturbances, estimating forest damages, planning
harvesting activities, or monitoring ecosystem services. Interviewed
end-users were overall satisfied with the spatial and temporal resolution
and coverage provided by C3S for certain variables of interest. However,
few relevant differences have emerged across the subsectors. For
instance, the bioenergy sector requires spatial low resolution (around
10x10 km) for the temperature and relative humidity variables. A 3 h’
temporal resolution and a local spatial coverage, as provided in the CDS
(through CORDEX and CMIP5), fulfil the users demand of sub-daily local
data. The forest risk management sector demands a resolution around
25x25 km for ash cloud simulations. However higher resolution may be
needed for wildfire modelling, as further described in the weaknesses

section (3.1.2). The forest risk management sector has particular interest
in historical climate data (available in the ERA5 reanalysis dataset) and
seasonal weather forecasts (available in the C3S Seasonal Forecasts
dataset) for modelling past and future development of disturbance and
for the implementation of emergency warning systems. The ERA5'
reanalysis component provided by C3S was positively evaluated by fire
researchers and forest information providers, for past forest conditions
analysis, identifying for instance fire burnt area, as well as by the bio-
energy sector. Uncertainty representation, confidence of the data and
accuracy were pointed as fundamental characteristics to have in the C3S
by all users interviewed. The fact that there is a quality assessment and a
documentation tab in every dataset of the CDS can be evaluated as a
strength. Finally, the provision of datasets and integrated services for
fire management was identified as a strength by the forest risk man-
agement sector. The EFFIS? dataset was developed as part of the C3S,
creating synergies within the Copernicus Programme (in this case be-
tween the Emergency programme and the Climate programme),
providing several indices on wildfire danger reanalysis, such as burnt

1 ERA5 is a comprehensive reanalysis, from 1979 to near real time,
combining historical observations using advanced modelling and data assimi-
lation systems. It provides hourly estimates from atmospheric, land and oceanic
climate variables. Currently, there is also available a preliminary back exten-
sion for 1950-1978.

2 The European Forest Fire Information System (EFFIS) has been established
by the European Commission collaborating with the national fire administra-
tions and a Forest Fire Experts Group since 1998. It became operational in
2000. By providing near real time and historical forest fire information, EFFIS
aims at supporting forest protection against fires and harmonization of infor-
mation systems on forest fires in Europe (European Commission, 2017).
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area from fires which was found relevant by the forestry sector (ECMWF,
2019).

Weaknesses

Nine weaknesses (or possible improvements from the user perspec-
tive) associated with climate data provision have been pinpointed. Five
of them refer to technical requirements, such as temporal and spatial
resolution and coverage (depending on variables and the type of analysis
users must conduct), and uncertainty representation. The remaining
four are transversal weaknesses linked to data visualization and provi-
sion through C3S interfaces. Concerning technical requirements, among
all subsectors there is an explicit request for higher resolution of certain
variables. While users are occasionally satisfied with the resolution
provided, for specific analysis finer spatial and temporal resolution are
required. Data on wind average speed, maximum, and direction are
required at a spatial resolution of at least 1x1 km, instead of the 9x9 km
that Copernicus is currently providing. Data on wind is critical for risk
models to understand storm damages, as well as to predict the spread of
a wildfire. If provided at a finer spatial resolution, wind is also an
important variable for forest genetics researchers in gene flows studies,
to predict species distribution shifts through pollen dispersal. A similar
request was raised by the bioenergy sector demanding mean precipita-
tion data at a medium resolution (100mX100m), a requirement
currently not fulfilled by C3S. Other technical needs include the need for
a higher frequency of updates for wind forecasts that have a daily cycle,
as mentioned by end-users forecasting forest disturbances. Additionally,
the forestry sector often conducts research at stand level or individual
tree level, especially when monitoring tree health or phenology.
Therefore, forest risk management users mentioned the need of
obtaining finer local coverage, through stand level and point level
climate data.

Other weaknesses are related to certain features of the C3S interface.
Firstly, a user-friendly interface was requested allowing multiple selec-
tion criteria when downloading data. Multiple selection criteria would
allow to download specific sets of raw data from a given location, such as
a genetic conservation unit, without having to download the whole set
of data. The demand for a user-friendly interface and the data accessi-
bility are two weaknesses strongly interrelated. Providing access to data
requiring high level skills and advanced computing is seen as a barrier to
the usage of C3S by expert users, who still have high costs to bare, and
non-expert users that lack the knowledge on how to use the platform and
its related data. Specific features demanded by the forest risk manage-
ment sector to ease the access to data is the provision of estimates
calculated from the variables, such as correlation, and the availability of
raw data behind the indices composed with multiple parameters.
Another barrier to the increased usage of C3S data reported by all sub-
sectors is the lack of knowledge on the data and the extent to which it
can support the end-users activities. Some respondents were not aware
of the existences of C3S, while others did not know about latest updates
of the C3S. Overall, it emerged that C3S was not widely known and its
potential poorly used.

Opportunities

Six opportunities reflecting the positive engagement and interest of
the respondents for the future development of C3S were identified.
Three of them were raised by all three user categories: demand for new
variables and indicators, need for training on the use of C3S data, and
demand for climate services integrating non-climate data with the
climate ones.

Among the additional variables and indicators, the Land Surface
Emissivity (LSE) was demanded by forest risk management end-users.
LSE is the average emissivity of an element on the Earth surface calcu-
lated from the measured radiance and land surface temperature (LST). It
is used to perform retrieval, which can be applied to wildfire simula-
tions, or is used to combine satellite data and climate data to estimate for
instance the mass of an ash cloud after a volcanic eruption. Forest
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genetic researchers would like to have a combined index with precipi-
tation and temperature data based on the vegetation period through
which they can calculate drought stress indicators. Heat wave days® and
frost days are variables demanded by genetic researchers, the bioenergy
sector, and forest private owners. An opportunity that is addressing the
above-mentioned weakness “lack of knowledge on C3S” is the demand
for training. All subsectors have shown interest in joining training pro-
grammes focused on unfolding the potential of C3S data, through
tailored hands-on activities.

Other opportunities that would directly address innovative de-
ployments of Copernicus data are: (i) the demand for integrated services
with non-climate data, (ii) the demand for new variables and indicators,
and (iii) the request for integrating machine learning techniques. The
demand for products integrating climate data with land, atmosphere,
ground, soil, and socio-economic data is described in detail in the next
section. Furthermore, the integration of satellite datasets with machine
learning technology is now raising interest among researchers to
perform rapid fire detections and European hazards map. The provision
of updated information from C3S would allow improving information
systems for wildfire risk and hazards mapping. Genetic researchers
suggested the use of machine learning techniques to identify correla-
tions and patterns across variables at stand level, so that key variables
relevant for their research can be automatically selected.

One last opportunity relates to the C3S pricing system. Some of the
interviewed wildfire researchers suggested the possibility to develop a
partnership with research centres and business where C3S could provide
services for a convenient price in exchange for some royalties on the
final product delivered by the company. Another pricing opportunity
suggested was to provide different levels of pricing depending on the
type of data used by the users, in a way that small organisations can also
have access to this service. The development of this pricing system could
reach new users and involve them directly in the development of
product improvements. The opportunity to add customized queries was
expressed by the genetics sector, which would find having an interactive
interface useful, where data could be manipulated directly, allowing
users to upload additional information to compare trends.

Threats

The SWOT analysis suggests three main perceived threats related to
C3S data provision: (i) low willingness to pay, (ii) the availability of
other climate services mentioned by all user subsectors, and (iii) the
insufficient specialisation mentioned only by the forest risk management
subsector. The most mentioned threat for the increased usage of C3S is
the low willingness to pay by climate service users supported by the
CDS, developed by intermediate users (or purveyors) such as private
companies or projects financed by the European Commission. The full
value chain that users deal with to obtain climate data involves large
investment costs. The forestry sector would thus like to maintain the
service as freely accessible, as CDS is a free and open source. However,
this element could limit the capacity of C3S to implement new tech-
nologies and increase the usage in Data and Information Access Services
(DIAS), platforms that provide simplified access to the C3S data and
other Copernicus services with different pricing options. Another threat
to the increased usage of C3S data is the existence of other climate data
providers that are better known by the forestry sector. The end-users
stated two main reasons linked to the use of these different climate
providers: (i) familiarity and (ii) satisfaction with the providets spatial
and/or temporal resolution, especially when working at national or
regional level. Some examples of climate data providers commonly
consulted are national and regional meteorological stations such as

3 According to the Climatological EURO-CORDEX heat waves are a period of
at least three consecutive days on which the daily maximal temperature exceeds
the 99th percentile of the daily maximal temperatures of the May to September
months for the control period of 1971 to 2000 (Copernicus, 2020).
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Table 2
List of potential services that integrate climate and non-climate data.

Name of the Examples Type of data Times that Subsectors

potential fulfilling needed the product

services users needs has been

mentioned’

Projected (Dyderski Climate, land 6 interviews All
future et al., 2018; cover, and and 1
species Pecchi et al., forest workshop
distribution 2019; structure
map under Takolander
climate et al., 2019)
change
scenarios”

Emergency (NWGC, Climate, land 1 interview Wildfire
wildfire 2019) cover, and 1 sector
management atmosphere, workshop
platform ground data

Bioenergy (BizEE Climate, 1 interview Bioenergy
consumption Software, social, and 1
and demands ~ 2021; economic workshop
under EnergyCap
climate Software,
change 2021)
scenarios

Distribution of (Albert et al., Climate 2 interviews Genetics,
biotic and 2017; forecasts, and 1 forest
abiotic risks Jonsson land cover, workshop planners,
(specific for et al., 2009) forest health, bioenergy
droughts, ground data sector
insects and
fire risk)’

Operations (Hyvérinen Climate (as 3 interviews Bioenergy
planning® et al., 2020) snow), soil and 1 and forest

conditions, workshop consultant

land changes

! The products were listed based on the level of details provided by the users
during the interviews and the workshops.

2 A first prototype has been developed for Spain, Indonesia and Sweden and it
is publicly available at https://forest-forward.com/. This demonstrator uses C3S
data to inform business owners and technical staff about the impacts of climate
change on the distribution of species of value to the forestry industry. The in-
formation is communicated using maps and charts that synthesise and facilitate
the access to high quality scientific data.

3 This service will not be described due to lack of detailed information pro-
vided by the users.

WorldClim and the regional Climate Model Remo for downscaling. Thus,
the existence of other climate service providers in Europe can be
considered as a commercial threat to the C3S for attracting additional
users from the forestry sector. Another factor limiting the usage of C3S
by the forest risk management sector is the lack of competence and fa-
miliarity with the datasets. Firefighters, civil protection units, and local
authorities do not often make direct use of climate data as provided in
the CDS. They would rather have user-friendly climate applications that
provide them already digested supporting information for emergency
management.

Potential services integrating climate data with other types of data

The most mentioned opportunity in the SWOT analysis referred to
the demand of services integrating climate data with non-climate data.
This opportunity highlights the importance of land, atmosphere, on-
field, and socio-economic data for the forestry sector, and allows
Copernicus to further connect its programmes, for instance C3S, CAMS,
and CLMS, similarly to what has been done with EFFIS. In Table 2, the
most mentioned services that users would like to have available are
presented.

A species distribution map is a highly demanded service by all the
subsectors that is gaining increasing attention as a support tool in forest
management. This service, in the form of an app, would relate data from
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the satellite imagery on land cover, altitude variation, and forest
structure, with different climate change models impacting tree growth.
End-users would use this product to assess with a dynamic approach
how the climate is affecting tree species distribution and their growth in
a specific geographical area. However, users (in particular forest genetic
researchers) require that uncertainty in species distribution and in
forecasts is indicated to avoid inaccuracy when using these databases.
Further developments of these maps may include assessment of climatic
suitability of trees, specific to forest disturbances to understand for
instance how species can be affected by emerging biotic and abiotic risks
in a climate change scenario. This type of information can support forest
managers in selecting suitable tree species to plant, considering poten-
tial extreme droughts, or wind damages. It can also support decision
makers in relation to risk forecasts across Europe. Interviewees also
mentioned that a species distribution map as such would need high-
resolution data on forest structure and forest composition at stand
level. This resolution is complex to retrieve due to the limited compu-
tational power. Moreover, land data, as the ones from CORINE, often
cannot distinguish specific forest types (e.g. between tree juveniles and
shrubs) and thus is not always reliable.

The utility of a user-friendly early warning system for wildfire
management was widely discussed during the wildfire workshop. This
climate service could provide reliable assessment of fire impact in
Wildland Urban Interfaces (WUI) and vulnerable forest areas. End-users
suggested that these systems can make use of machine learning and
satellite images, as well as other data, such as consequent emission
dispersions, GHG, and vegetation to improve the rapid detection of
wildfires, and to permit an integrated response to wildfires allowing
interoperability between first respondents across different European
geographical locations in an emergency situation. This platform would
be essential to improve the management of other phases of the disaster
management cycle, including preparedness, prevention, and recovery. It
would serve end-users as public authorities, fire fighter units, and civil
protection bodies.

From the interviews and the workshops with bioenergy users, it
emerged that a climate service providing information on local bioenergy
consumption linked to energy demands would be relevant for support-
ing sectorial operations. Such service requires the integration of climate
data, including temperature, snow, and humidity, with socio-economic
data, such as information on energy consumption. Its aim is fore-
casting the short- and long-term demand of bioenergy for biomass-based
producers. Forecasts on the emissions derived from heating systems,
comparing burning fuels and bioenergy could be provided. This pre-
diction would support transparency in energy regulations and, possibly,
the promotion of the wood-based bioenergy.

Discussion

The aim of this analysis was identifying and assessing opportunities
for boosting the potential of climate data in supporting forestry opera-
tions. In this section, we will first discuss the findings of the SWOT
analysis on user requirements considering similar and comparable user
engagement studies on climate services, as well as existing integrated
applications in the literature and elsewhere. We then examine our re-
sults in the light of the current policy changes as to identify a series of
recommendations on how integrated climate services targeting forestry
can support reaching overarching policy targets.

Success factors for C3S uptake in the forestry sector

The classification based on the SWOT framework helps exploring
success factors that can increase the usage of C3S among end-users from
the forestry sector. By looking jointly at the W-O-T components it is
possible to illustrate how deploying opportunities can support in
addressing identified weaknesses and threats of the C3S.

The demand for training on how to effectively use the C3S (02) can
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be leveraged to address the low specialisation in climate data use (T3)
expressed by users from the risk management sector. The low speciali-
sation among non-technical users is complemented by a growing interest
in climate services by decision makers without technical knowledge on
the use of C3S raw data (PWC, 2019). Providing training on technical
aspects of available datasets, climate services and on the potential of C3S
data for forestry decision-making processes can improve the under-
standing on how climate data can support forestry operational decisions,
especially among non-expert users. This would include as well the
provision of guidance in selecting, applying, and interpreting climate
data and scenarios (Manez et al., 2014). Training sessions or workshops
can create a space to connect climate knowledge to users, explaining
how to use climate data and collecting feedbacks and requests on how
users can further benefit from climate data. This latter information can
support data providers in further enhancing climate services (Jonsson &
Lagergren, 2017; Keenan, 2012). A User Learning Service tailor-made to
the forestry sector could thus be developed, as is currently done for the
agriculture sector users of C3S (Buontempo et al., 2020). This interface
would support in expanding the C3S market, filling the gap between
climate scientists and decision makers. Trainings and workshops can
also improve the lack of awareness and knowledge on C3S (W6),
expressed by all user subsectors. As earlier stated the low demand for
climate services negatively affects the delivery of benefits expected by
the users (Cavelier et al., 2017; Giuliani et al., 2017). While climate
services are considered policy relevant and well appreciated by
academia and the public sector, they are not yet fully mainstreamed into
private businesses (Cortekar et al., 2020). Improving C3S awareness can
thus increase multiple climate-based applications and meet current ex-
pectations of the forestry sector.

Finally, training and workshops can also support users that routinely
make use of other climate providers (e.g. WorldClim), of getting
acquainted with C3S as an additional working tool. As presented in the
results, these users rely on other data providers because of both
customary and satisfactory reasons (T2). Such users would make use of
the C3S only if specific technical requirements would be provided. Na-
tional climate service centres, such as meteorological departments, meet
national needs for climate data demanded by users working at regional
and local level (Vaughan & Dessai, 2014). Moreover, regional climate
centres are also preferred thanks to the focus on specific locations and
settings (Vaughan & Dessai, 2014) and to the direct focus on regional
users needs. Studies at regional and local level showed preference for
nearby observational sites when gathering meteorological variables at
higher resolution (100x100 m) (Marchi et al., 2019). Climate services
including C3S may not guarantee the same quality of data in all locations
as this quality depends on the climate variability in each location, on the
quality and the density of the observations, and on the interpolation
results (Hijmans et al., 2005). Marchi et al. (2019) suggest establishing
local up-to-date climate services networks that would provide data for
constructing European level climate datasets and accurate interpolated
climate data. Derived climate surfaces are fundamental in the forestry
sector as they allow to plan the transfer of genetic resources across
specific geographic areas. Collecting data from the established networks
including errors, would be relevant for improving climate surfaces for
the forestry sector. Climate service networks could thus be an oppor-
tunity to construct reliable European level climate datasets, when users
are demanding resolutions that C3S cannot currently provide.

A weakness observed by the forestry sector is the unfulfilled demand
for data at finer scales (W1-3 and W5). This could better support
decision-making processes, especially when users need to combine data
from different sources and locations in models (such as forest or hy-
drological models) requiring high resolution (Bessembinder et al.,
2019). A higher resolution of the projected climate scenario datasets
would improve the quality of forest growth simulations, supporting
forest managers planning activities (Palma et al., 2018). Another typical
application of higher resolution climate information is within wind
damage risk projections, which requires stand or even tree-level
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information on the wind speed and damage risk (Jackson et al., 2021).
Forest managers and owners would benefit from high-resolution maps to
identify the wind damage vulnerability of forest stands and individual
trees and therefore base their decision-making on disturbance preven-
tion. Capturing the forest vulnerability through higher-resolution in-
formation could also support forest insurance companies to offer risk-
based pricing services (Suvanto et al., 2019). Additionally, high-
resolution climatic maps (e.g., 250x250 m) can inform practitioners
regarding species suitability choices when relating drought risk and
productivity, which are affected among others by the spatial configu-
ration, slope exposure and elevational temperature differences (Hlasny
et al., 2014). This information is fundamental also for biomass producers
to understand the suitability of future species and support decision
making on the type of species to be planted.

The provision of finer resolution data demands high computational
power which C3S cannot provide. Good quality data is also affected by
the acquisition conditions: for instance, when detecting windthrows, the
season when the windthrows are happening and the topography can
influence a proper detection of the parameters affecting the data accu-
racy (Dalponte et al., 2020). When lacking finer resolutions in the
datasets, users resort to downscaling methods or other models which
allow processing the data at the spatial and temporal resolution needed.
However, observed data and interpolated data do not always match,
adding uncertainty to future projections. The scale may be biased due to
the several sources from which climate data are gathered and, therefore,
accumulate errors. At the same time, this weakness can be considered as
an opportunity to further develop downstream services provided by the
purveyors using CDS to provide bias-corrected data.

Given the increased uncertainty due to downscaling models, several
studies suggest focusing on the improvement of subseasonal-to-seasonal
(S2S) prediction providing forecasts with a time range of 20-90 days
(Keenan, 2012; Street, 2016). In the case of forest fire risk, S2S predic-
tion would give to fire emergency units enough time in advance for
preparation to the fire season, potentially reducing environmental and
socio-economic impacts. Overall, the introduction of subseasonal and
seasonal to decadal predictions in user-friendly climate services can
support i.a. the development of rapid detection services, for fire man-
agement as well to insect outbreaks and windthrow risk. These services
can provide a better understanding of the causes and consequences of
near-term climate variability, building preparedness, enhancing good
management practices, and eventually contributing to climate resilience
and adaptation. Besides, climate information can also support forest
policy makers in defining practice-oriented adaptation strategies and
targets.

Climate-based services play an important role in climate change
mitigation and adaptation. For this reason, these services need to be
made available to a broad range of users. However, our results have
shown that users have a low willingness to pay for new climate services
developed through the CDS (T1), implicating that climate services
should be provided for free or users must be incentivized to pay through
alternative pricing models. A first solution would be public data pro-
viders directly satisfying users demands, which explicitly requested a
user-friendly interface, digested data and additional information (as raw
data or estimates on correlation). This refers to the need for public data
providers to internalize additional steps of the climate services value
chain. Differently from the current situation, the proportion of private to
public providers would decrease further down in the value chain (Cor-
tekar et al., 2020). When this suggestion is not achievable, the private
data provider could offer a free probation period so that a company can
assess if it is worth to pay for the climate services of interest (Giuliani
et al., 2017). This is easy to implement for many private climate service
providers as most of them follow an “e-business model”, where the
service is provided in exchange for the payment of a monthly, seasonal,
or yearly subscription (Larosa & Mysiak, 2019). Another possible pricing
model consists of giving free access to only a part of the climate service.
A company would then pay if they want to obtain the full functionality.
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The same threat can be managed by the employment of mixed business
models (06), where the price is based on the size of the company. In this
way, additional users could have access to the C3S data provided by the
purveyors, including small organisations and enterprises. Innovative
business models could bring forward the ongoing debate on how to
achieve customized climate services without undermining their societal
and economic benefits. It is fundamental to initiate a careful transition
from a collaborative intergovernmental environment to a market driven
service to ensure the non-excludability of the climate services together
with the generation of solutions for target interest groups (Harjanne,
2017; Keele, 2019).

Through a systematic review of climate services for society, Vaughan
and Dessai (2014) states that climate services must receive public
funding to ensure their independence in knowledge generation. Public
support is also essential to further strengthen the climate services market
by developing clear regulation on data accessibility (Lourenco et al.,
2016). This supports our suggestion for public data providers in inter-
nalizing user requirements in their datasets, and so contributing to
climate service availability to a wider public. A recent market study
shows that there is an unequal distribution of climate service providers
among European countries (Cortekar et al., 2020). This fact also favours
the provision of data from the EU-wide EO programme Copernicus.
Besides, there are also opportunities for cooperation between public and
private entities, especially when considering private companies able to
bring innovative approaches and user-friendly interfaces (Harjanne,
2017). Collaboration could create synergies and support the joint-
development of new climate services (European Commission, 2015;
Manez et al., 2014).

Policy implications

This study showcased that a systematic collection of end-user re-
quirements can support practitioners and data providers in guiding the
deployment of climate services into exploitable information for forestry
end-users. Despite the predominantly descriptive nature of our results,
this study suggests that a close interaction between users and providers
for building integrated climate services is crucial, as it enhances user
engagement in the service delivering process. Hewitt et al. (2017)
illustrated three levels of user engagement when deploying climate
services: (i) passive engagement, through web-based tools, (ii) interac-
tive activities, through seminars and workshops, (iii) one-to-one re-
lationships between data users and data providers. The degree of
engagement, as well as the associated costs for the providers to establish
such relationships change as participation becomes more direct. In this
study we have followed an intermediate approach, which allowed to
identify a series of specific and concrete user needs of the forestry sector.

User-centered strategies when dealing with climate data are growing
in importance and the regulatory framework has a fundamental role in
stimulating climate services emergence. The European Commission is
following this path through its Roadmap for Climate Services as a
response to the climate change challenge (European Commission, 2015).
In the roadmap it is clearly indicated how “understanding the demand for
climate services” is one of its main pillars as to adjust climate services
future developments following a user-based perspective, rather than a
provider perspective. Promoting greater private and citizen engagement
as to co-design, co-implement, and finally co-evaluate integrated
climate data derived services is also a main cornerstone of the European
Green Deal, as to support innovations emergence and acceleration of
best practices. The recent proposed Mission by the Directorate-General
for Research and Innovation (European Commission, 2020) fully em-
braces user-led innovations for the development of new climate services
to speed up the transformation to a “climate-resilient Europe”. Greater
citizen and user engagement are also central to those Green Deal areas
mostly aligned with the forestry sector, such as the Biodiversity and
Climate Action (European Commission, 2019a). This further indicates
the importance of collecting forest user requirements for climate service
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deployment and positions our findings as highly relevant for closing the
climate services potential gap for the forestry sector.

Conclusions

Climate services, and in particular the C3S, are critical for mapping,
projecting and predicting forest conditions for both scientists and
practitioners. Our analysis suggests that: (i) new governance regimes
which can facilitate the development and update of climate services by
public and private actors should be favored and supported, (ii) inte-
grated climate services including both climate and non-climate data
should be promoted, (iii) developing key partnerships is crucial, espe-
cially when intermediaries between data providers and final users are
missing. Aligning service provision with user engagement is a priority
for deploying the future services derived from C3S. This would allow to
generate both technologically sound (through upcoming enhancements
of climate information as the new high-resolution reanalysis ERA5-Land,
the outcomes of the Coupled Model Intercomparison Project Phase 6,
etc.), and user-centered services (developing a diversified series of
interactive activities with sectorial end-users). This increased integra-
tion would support win-win solutions for both the C3S, through
increasing the uptake of its data repositories by a growing and diversi-
fied body of European actors, and the European forest sector creating
new job opportunities and enhancing the climate resilience and adap-
tation to climate change within the sector. Moreover, economic costs to
develop and integrate these additional services in the forestry-decision-
making processes could be covered by leveraging new financial means,
aiming at strengthening the European climate ecosystem through ad-hoc
investments (e.g. the investment ambitions set forth by the European
Investment Bank (EIB, 2020)).
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6.1. Initial open questions
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C3S_428b TECNALIA).

1) What is the main forestry research area, related to climate data, you are currently working on?
2) Which type of input data do you need for your forestry activities (climate and non-climate)?

6.2. General questions

. Indicate or estimate the size of your organisation: less than10, 10-49, 50-249, 250-499, 500-999, 1000-2500, >2500

1. Where is your organisation located?
2. In which type of organisation do you work?
3
4. What is your primary role within your organisation?
5. In which forestry subsector do you work?
r
Logging
r

Wood processing
r
Wood supplier
r
Disaster management
r
Ecosystem services provision
r

Urban forestry

r
Bioenergy
r
Forest genetics and restoration
I
Forest planning and regulation
I
Research
r

Pest and disease management
r
Other:

6. Has climate change affected any of your forest activities in the last 5 years? If yes, which have been the most affected activities?

r
Planting

r
Management activities

r
Service Provision

r

Disaster management activities (Fire, pests, floods, droughts)

r

Harvesting

r
Acquisition of raw material
r
Sales and market

I~
Research activities

I~
Other:

7. Which Earth Observation data (satellite imagery, sensors in drones/planes, lidar, etc.) do you use in your activities?

6.3. Data requirements

8. Copernicus Climate Change Service (C3S) provides valuable information about the past, present and future of several climate variables and
indicators. Are you aware of how this information can help your business and forest activities? (yes/no)

9. Copernicus Atmospheric Monitoring Service (CAMS) can provide valuable information of air quality such as ozone, UV and other factors

affecting forest growth, as well as products on wildfires. Are you aware of how this information can help your business and field work? (yes/no)

10. Copernicus Land Monitoring Service (CLMS) provides valuable information of land use, land cover and forests condition. Are you aware of how

this information can help your business and field work? (yes/no)
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11. Please mark the main variables that are relevant in your work for climate data, atmospheric data and land data. For the variables selected,
indicate the desired temporal scale, spatial coverage, spatial resolution, temporal resolution and output.

TYPE OF DATA VARIABLE TEMPORAL SPATIAL SPATIAL TEMPORAL DESIRED
SCALE! COVERAGE? RESOLUTION® RESOLUTION* OUTPUT®

Climate data Precipitation
Temperature
Wind
Humidity
Atmospheric pressure
Visibility
Extreme events
Forest Fires

Atmospheric Reactive gases

data Particulate matter and aerosols

Greenhouse gas concentrations
Fire emissions
Radiations

Land data Land-use/land-cover maps
Vegetation status and cover
Energy Balance
Water
Cryosphere
Ground based Observation for
Validation

!Historical information based on weather stations, Reanalysis, Weather Forecast, Seasonal Forecast, Decadal, Long Projections.

2point data, parcel size, municipality size, regional, national, global.

3More than 10x10km; around 10x10km, around 100x100m; between 1 and 5 m; less than 1 m.

41) How often should this information be updated; 2) how much in advance you would need the information available to inform decisions; 3) what
is the required temporal resolution (Subdaily, daily, weekly, monthly, annually).

SGraph/plot, map, table or file, processed statistics, other.

12. Please select the most important characteristics of the information required.

r
User friendly

r
Freely available

r

Data is provided in a format that is easy to use/ compatible with organisation’s software

-
Access to user support

-
Availability of supporting information

-
Examples of uses of this information in potential applications

-
Scientific quality and robustness

-

Uncertainty representation
6.4. Forestry variables

13. For each variable indicate the importance that each one of them will have for your activities in the future.

FOREST VARIABLES Minimal Moderate High

General infrastructure (trails, roads)

Streams, waters channels and water reservoirs
Logging infrastructures

Forest species distribution

(continued on next page)
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FOREST VARIABLES

Minimal Moderate High

Forest structure (height, age, leaf index, basal area, stand density)
Fire risk areas/fire burnt areas

Clear-cut areas

Geophysical variables (DEM, aspect, geological substrate, etc.)

Individual tree level measurements (diameter, health conditions, damages, mortality)

Forest productivity (site index, biomass, volume)

Wood quality

Biotic damages (due to pests and diseases)

Abiotic damages (due to frost, draughts)

Regulating ecosystem services (CO; stocks, erosion, flood control)
Provisioning ecosystem services (genetic resources)

Supporting ecosystem services (biodiversity)

Cultural ecosystem services (tourism)

Other (please specify)

6.5. Qualitative final questions

14.
ones?
15.
like to have?
16.
17.
account?
18.

r

Are you considering increasing the use of any Land, Atmospheric or Climate Change product/service for any of your forest activities? Which
Apart from the above-mentioned climate variables and indicators, is there any additional need, climate indicator, or combined index you would

Is there any other type of data you find useful for taking climate related decisions? Which one?
Do you use any additional information such as databases, simulation models, or algorithms that you consider interesting to research or take into

C3S data is free and open for use, would you be willing to pay for services and applications derived from C3S data that best suit your needs?

I'm interested to pay for the services, depending on the price and the service offer

r

I'm interested to pay for the services but only as part of a larger service offer to support my forestry operations

r

Maybe I'm interested to pay for the services but I need more information on potentially saved expenses and benefits

r

No, I'm not interested in paid services but I'm interested in free Copernicus services

No, I'm not interested

Not relevant for my activities
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