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Digitalization is increasingly recognized as a major driver of innovation in the 
forestry sector. However, the adoption of digital technologies remains uneven, 
particularly in structurally fragmented forestry systems such as those found in 
Southern Europe. This study aims to analyze and discuss stakeholders’ expec-
tations, perceived barriers, and opportunities related to the adoption of digi-
tal technologies in Italian operational forestry, based on a participatory proc-
ess that included a webinar, an online questionnaire, and a focus group, en-
gaging a broad range of forestry stakeholders. Because the survey relied on a 
voluntary, non-probability sample, the findings should be interpreted as re-
flecting  the perceptions  and priorities  of  the surveyed stakeholders  rather 
than as statistically representative estimates of the entire Italian forestry sec-
tor. The results reveal a growing interest in digital technologies across all op-
erational domains, particularly in GIS-based decision support systems, remote 
sensing, product traceability, and precision harvesting. Nevertheless, stake-
holders identified several persistent barriers, including high investment costs, 
limited interoperability  among systems,  insufficient  digital  skills,  and weak 
connectivity in rural  and mountainous areas. Training emerged as the most 
critical enabling factor, often considered even more important than direct in-
vestment in technologies.  Overall,  the evidence suggests  that digitalization 
cannot advance without systematic investment in human capital, interoper-
ability, and shared information infrastructures. Tools such as knowledge hubs, 
communities of practice, and targeted training programs may play a key role in 
bridging the gap between technological availability and operational implemen-
tation. Although rooted in the Italian context, the insights provided by this 
study offer relevant indications for digitalization policies and practices across 
Southern European countries and in forestry systems characterized by frag-
mented ownership structures and heterogeneous operational conditions.
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Introduction
The increasing availability of information 

and  communication  technologies  (ICTs), 
together with advances in remote sensing, 
geographic  information  systems  (GIS), 
satellite positioning networks, mobile sen-
sors, decision support systems (DSS), col-
laborative  platforms,  advanced  analytics 
tools, and mechatronics, is reshaping oper-
ational forestry worldwide (Gavilanes Mon-
toya et al.  2023). In this context, the con-
cept of precision forestry (PF) has gained 
increasing attention as an approach aimed 
at  improving the  efficiency,  sustainability, 
and traceability of forest management ac-
tivities  through  the  integration  of  digital 
technologies  (Corona  et  al.  2022).  In  this 
study,  digitalization refers  to  the  integra-
tion  of  digital  technologies,  data-driven 
processes, and interconnected information 
systems into forestry operations and deci-
sion-making processes. Within this broader 
framework, PF represents the operational 
application  of  these  technologies  to  im-
prove  the  efficiency,  sustainability,  trace-
ability,  and  safety  of  forest  management 
activities.

The  wide  range  of  available  ICTs  is  re-
flected in the diversity of their application 
domains  within  the  operational  forestry 
sector, each characterized by specific fea-
tures  and  distinct  digitalization  potential 
(Tab.  1).  Precision  forestry  supports  con-
ventional forest management by enabling 
more accurate planning, real-time monitor-
ing, improved operational safety, reduced 
environmental impacts, and more efficient 
supply-chain  management.  The  rapid  ex-
pansion of digital tools has enabled a wide 
range  of  applications  across  the  forestry 
sector,  including  forest  inventories,  har-
vesting  operations,  logistics,  certification 
systems,  urban forestry,  and environmen-
tal monitoring.

Despite  these  opportunities,  the  adop-
tion of digital  technologies in forestry re-
mains  uneven  across  countries  and  re-
gions.  In  many  cases,  implementation  is 
constrained  by  structural  and  socio-eco-
nomic factors, including fragmented forest 
ownership, complex terrain conditions, lim-
ited  infrastructure,  small  enterprise  size, 
and restricted investment capacity (Vatan-
daslar  et  al.  2025).  These  constraints  are 
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particularly  evident in  Southern European 
countries (e.g., Abbas et al. 2021, Brodny & 
Tutak 2022) and differ markedly from those 
observed in Northern European and North 
American countries, where PF has reached 
more advanced levels of implementation.

Italy  represents  a  particularly  relevant 
case study in  this  regard.  Compared with 
Northern  European  and  North  American 
contexts, the Italian forestry sector is char-
acterized  by  fragmented  ownership,  lim-
ited  mechanization,  and  a  prevalence  of 
small  and  medium  enterprises.  Conse-
quently,  digitalization  cannot  simply  rely 
on  the  direct  transfer  of  technological 
models developed in large-scale industrial 
forestry systems. Instead, it  requires scal-
able, context-specific solutions tailored to 
the operational and organizational charac-
teristics  of Alpine and Mediterranean for-
estry.

This study aims to analyze and discuss the 
expectations,  perceived  barriers,  and  op-
portunities  related to digitalization in  the 
Italian operational forestry sector, drawing 
directly on stakeholders’ perspectives. Spe-
cifically, the analysis is based on a participa-
tory process involving a webinar, an online 
questionnaire, and a focus group to iden-
tify  priority  areas  for  investment  in  tech-
nologies, training, interoperability, and the 
development of  shared information infra-

structures, to support a genuinely inclusive 
and effective digital transition in forestry.

Materials and methods

Study design
The  study  adopted  a  participatory  ap-

proach to investigate the current state of 
digitalization in the Italian operational for-
estry  sector.  The  methodological  frame-
work  combined  three  complementary 
phases: (i) a preliminary webinar, (ii) an on-
line  questionnaire,  and  (iii)  a  final  focus 
group (Fig. 1). This structure was designed 
to collect both quantitative and qualitative 
information while also encouraging stake-
holder engagement and discussion to high-
light perceptions, critical issues, and expec-
tations.

Preliminary webinar
The webinar, held on June 11, 2025, was 

organized with a dual objective: to present 
the survey and to raise awareness among 
stakeholders about the topic and the dedi-
cated  questionnaire  developed  for  this 
study.

To  maximize  participation,  the  webinar 
was  divided  into  two  sessions:  an  after-
noon session primarily for technicians and 
public officials engaged in office-based ac-
tivities, and an evening session for forestry 

operators and professionals more directly 
involved in  field activities.  The event  was 
promoted  through  online  communication 
channels  dedicated to the Italian forestry 
sector.  Participation was high,  with  more 
than  120  attendees  in  the  afternoon  ses-
sion and over 100 in the evening session. 
The  one-hour  programme  included  five 
presentations delivered by researchers, pri-
vate  companies,  and  certification  bodies. 
These focused on practical applications of 
precision  forestry  technologies  in  forest 
planning,  monitoring,  harvesting  opera-
tions, resource management, and product 
traceability. In addition to introducing the 
questionnaire,  the  webinar  aimed  to  im-
prove  participants’  awareness  of  current 
digitalization opportunities in forestry.

To evaluate changes in perception, partic-
ipants were asked at the beginning of the 
webinar to assess the level of digital inte-
gration  within  their  organizations.  The 
same question was repeated at the end of 
the event.

Online questionnaire
The questionnaire was distributed to we-

binar participants and further disseminated 
through  an  online  communication  cam-
paign  on  Italian  forestry-related  Internet 
channels  to reach additional  stakeholders 
who had not attended the event but were 
interested in the topic. Consequently, the 
final sample (167 responses) included both 
webinar  participants  and  stakeholders 
reached  through  the  broader  dissemina-
tion  campaign.  Therefore,  the  responses 
are drawn from a voluntary, non-probabil-
ity  sample,  which  is  consistent  with  the 
study’s exploratory and interpretative ob-
jectives.

The  semi-structured  questionnaire  was 
developed by the authors based on a litera-
ture review and their  professional  experi-
ence. It included 34 questions, 10 of which 
were closed-ended (see Appendix 1 in Sup-
plementary Material). The first section col-
lected  general  information  about  respon-
dents,  including  organization  type,  geo-
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Fig. 1 - Flow chart of the survey process.

Tab. 1 - Digital technologies for forestry.

Technological domain Main technologies Operational functions Application examples

Geospatial data (remote and 
proximal sensing)

Satellites, multispectral and 
hyperspectral sensors, LiDAR, 
photogrammetry, TLS

Mapping, monitoring, yield 
estimation, change detection, 
disturbance assessment

Forest inventories, early warning 
systems, post-event assessments

Spatial positioning and mobility GNSS, RTK, rovers, mobile apps, 
digital tree marking

Precise georeferencing, machine 
tracking, field surveys

Tree marking, parcel boundary 
delineation, logistics

Data management and analysis DBMS, cloud platforms, ML/AI 
models, simulation, forest 
modeling

Data organization, forecasting, 
classification, scenario analysis

Silvicultural planning, risk 
analysis

Mapping and decision processes GIS software, WebGIS platforms, 
operational DSS

Spatial analysis, data sharing, 
digital workflows

Planning, authorizations, 
diagnostics

Precision harvesting Machine sensors, telemetry, IoT, 
prescription maps

Worksite optimization, safety 
enhancement, impact reduction, 
wood quality optimization

Extraction routes, tree bucking, 
production monitoring

Forest certification and product 
traceability

RFID, QR codes, blockchain, QMS 
systems

Batch tracking, auditing, process 
standardization

Production and marketing supply 
chains, PEFC/FSC certification
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Digitalization in Italian operational forestry

graphic  location,  professional  role,  and 
main operational activities.

The core section of the questionnaire fo-
cused around five digital technology areas 
considered  strategic  for  the  operational 
forestry sector in Italy (Corona et al. 2022, 
Barbarese et al.  2024):  remote and proxi-
mal sensing (e.g., UAV drones, TLS, LiDAR); 
geographic information systems (GIS) and 
decision support systems (DSS) for silvicul-
tural  operations;  ICT  tools  for  urban  for-
estry; precision harvesting; forest manage-
ment and product traceability certification. 
For each domain, a recurring set of ques-
tions was designed to capture complemen-
tary dimensions of digitalization within the 
respondent’s specific operational context, 
including level of familiarity with the tech-
nologies;  perceived  usefulness  of  special-
ized training; realistic time horizon for po-
tential  investment;  level  of  financial  re-
sources considered sustainable for the ac-
quisition  or  implementation  of  technolo-
gies; and willingness to allocate resources 
to training and skills development.

The  final  section  investigated  the  main 
barriers  to  digitalization,  including  invest-
ment costs, lack of technical skills, interop-
erability  limitations,  and  insufficient  con-
nectivity. Respondents were also asked to 
identify the most effective instruments for 
promoting the uptake of innovation, such 
as  financial  incentives,  collaborative  plat-
forms,  technical  support  services,  and 
structured training programs.

Final focus group
The participatory process concluded with 

an in-person focus group held on October 
16,  2025.  The  event  involved  66  partici-
pants  representing  different  stakeholder 
categories within the forestry sector.

The focus group had two main objectives: 
(i)  to discuss and validate the preliminary 
questionnaire  results,  and  (ii)  to  identify 
strategic priorities for future digitalization 
policies and practices.

The  session  lasted  approximately  four 
hours and was organized around the five 
technological  domains investigated in  the 
questionnaire. After an initial presentation 
of  the  survey  results,  participants  dis-
cussed  the  main  barriers,  opportunities, 
and future perspectives related to forestry 
digitalization.

The discussion was audio-recorded,  fully 
transcribed,  and  analyzed  through  the-
matic  content  analysis  following  the  ap-
proach proposed by  Nyumba et al. (2018). 
The  coding  process  was  conducted  inde-
pendently by two members of the research 
team.  Emerging  themes  were  subse-
quently compared and discussed, and any 
differences in interpretation were resolved 
through  consensus.  The  analysis  focused 
on recurring themes directly related to the 
study objectives,  including training needs, 
investment barriers, interoperability, orga-
nizational  fragmentation,  and  enabling 
conditions for digital transition.

The focus group provided important qual-

itative insights that complemented and ex-
panded the questionnaire  findings,  allow-
ing  a  more  comprehensive  interpretation 
of stakeholders’ perceptions and priorities.

Results

Webinar
The  comparison  between  participants’ 

evaluations  of  digital  integration  within 
their  organizations  before  and  after  the 
webinar revealed a significant shift in per-
ception (Fig. 2). Initial responses generally 
reflected an optimistic  assessment of  the 
level  of  digitalization  achieved within  the 
sector.  However,  after  the  presentations 
and  discussions,  participants  tended  to 
provide more cautious evaluations.

To  assess  whether  the  difference  be-
tween  pre-  and  post-webinar  scores  was 
statistically significant, a Wilcoxon signed-
rank  test  for  paired  samples  was  con-
ducted.  The  analysis  yielded  a  p-value  of 
6.095  ×  10-5 (<  0.05),  indicating  a  statisti-
cally  significant  difference  between  the 
pre-  and  post-webinar  scores.  The  effect 
size, calculated using Cohen’s r, was 0.382, 
suggesting  a  moderate  magnitude  of 
change.

Among respondents  who modified their 
evaluations, nearly three-quarters lowered 
their scores after the webinar. This result 
suggests that although awareness of digi-
tal  innovation  is  relatively  widespread  in 
the  Italian  forestry  sector,  stakeholders 
may initially overestimate the level of tech-
nological integration in their organizations. 
Exposure to concrete examples and opera-
tional case studies appeared to encourage 
a more realistic assessment of the current 
state of digitalization.

Questionnaire

Sample characterization
A total of 167 stakeholders participated in 

the questionnaire survey, representing the 
main  components  of  the  Italian  forestry 
sector,  including  entrepreneurs,  indepen-
dent professionals, researchers, public offi-
cials,  technicians,  private  companies,  and 
third-sector organizations.

The distribution of respondents by orga-
nization type (Fig. 3) reflects the structure 
of  the  Italian  forestry  system,  which  is 
characterized by a strong presence of mi-
cro-enterprises  and  self-employed  profes-
sionals.  Independent  professionals  and 
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Fig.  2 -  Comparison  between  responses  regarding  the  level  of  digital  integration 
within participants’ organizations, collected at the beginning and at the end of the 
webinar.
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Fig. 3 - Distribution of respondents by organization of affiliation.
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technicians from private companies repre-
sented  the  largest  groups,  followed  by 
public-sector  technicians  and  researchers. 
Private  forest  owners  were  less  repre-
sented.

The  sample  provided  broad  territorial 
coverage  across  Italy,  although  participa-
tion  was  slightly  higher  in  Northern  and 
Central  regions,  where  forestry  activities 
are  generally  more  economically  struc-
tured  and  technologically  developed. 
Stakeholders operating at national and in-
ternational levels were also represented.

Organizational  size  is  similarly  varied: 
alongside  a  significant  share  of  indepen-
dent  professionals,  the  sample  includes 
very  small  organizations  (fewer  than  10 
employees), typical of the operational for-
estry  sector,  as  well  as  more  complex, 
structured entities with 20 to 100 employ-
ees.

Respondents  reported  involvement  in  a 
wide range of forestry activities (Fig. 4), in-
cluding silvicultural  prescriptions,  harvest-
ing  operations,  and  forest  planning  and 
monitoring.  More  specialized  activities, 
such as research, training, certification, and 

watershed  management,  are  also  repre-
sented.

Finally,  the  distribution by  years  of  pro-
fessional  experience  indicates  a  sample 
with a strong component of highly experi-
enced operators (more than 10-20 years), 
alongside a new generation of profession-
als with fewer than 5 years of experience.

The  main  trends  and  barriers  emerging 
across the different technological domains 
are synthesized in  Tab. 2 and explained in 
the next paragraphs.

Remote and proximal sensing
Responses  regarding  new  remote  sens-

ing technologies, including new platforms 
such as drones and terrestrial systems, as 
well as associated sensors (e.g., multispec-
tral  sensors,  LiDAR,  and  other  advanced 
devices),  indicate  strong  interest.  How-
ever,  these technologies are not yet fully 
operationally mature (Fig. S1 in Supplemen-
tary  material).  Drones  are  more  familiar 
and  more  widely  integrated  into  practice 
than LiDAR systems,  which are perceived 
as costly and complex.

The  main  barriers  identified  by  respon-

dents included high acquisition costs,  the 
need  for  specialized  technical  skills,  and 
regulatory  constraints  associated  with 
drone operations. In particular, several par-
ticipants  highlighted  difficulties  with  pho-
togrammetric processing, point cloud anal-
ysis, and the integration of remotely sens-
ed data into GIS environments.

Training  demand  was  consistently  high 
across  all  respondent  categories.  Stake-
holders expressed particular interest in op-
erational training focused on data process-
ing  workflows  and  practical  applications 
rather than purely theoretical knowledge.

Investment  intentions  were  mainly  con-
centrated within a medium-term time hori-
zon,  with  stronger  interest  emerging 
among more structured enterprises and or-
ganizations operating in Northern and Cen-
tral Italy.

GIS and DSS
GIS and DSS technologies have emerged 

as one of the most established digital do-
mains within the operational forestry sec-
tor (Fig. S2 in Supplementary material). Re-
spondents generally reported moderate to 
high  familiarity  with  these  tools,  particu-
larly among independent professionals and 
technical staff directly involved in planning 
and operational management activities.

Public-sector  technicians  also  demon-
strated good knowledge of GIS technolo-
gies,  although  their  operational  use  ap-
peared  less  systematic.  Across  all  stake-
holder  groups,  respondents  emphasized 
the  importance  of  advanced  training  in 
spatial analysis, geoprocessing, and georef-
erenced data management.

Compared  with  other  technological  do-
mains,  investments  in  GIS  and  DSS  were 
considered relatively affordable and opera-
tionally sustainable. Most respondents indi-
cated a short- to medium-term investment 
perspective, reflecting the perception that 
these tools already deliver concrete bene-
fits  in  efficiency,  transparency,  and  data 
management.

Overall, GIS and DSS technologies appear 
to represent the digital backbone of opera-
tional forestry in Italy, supporting the inte-
gration and management of  spatial  infor-
mation across multiple applications.

ICT for urban forestry
Responses concerning ICT tools for urban 

forestry highlighted a rapidly growing area 
of interest (Fig. S3 in Supplementary mate-
rial). Stakeholders recognized the potential 
of  mobile  applications,  cloud-based  plat-
forms, and shared WebGIS systems to im-
prove the management of urban green in-
frastructure and enable real-time data up-
dating and sharing.

Despite  this  interest,  operational  adop-
tion  remains  relatively  limited.  Respon-
dents identified several  barriers,  including 
lack  of  standardization,  fragmentation 
among software systems, and limited inter-
operability between available tools.

Training was consistently  identified as  a 
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Tab.  2 -  Main  emerging  trends  and  barriers  to  digitalization  in  Italy’s  operational 
forestry  sector,  identified  through questionnaire  responses  and  subsequently  vali-
dated by the focus-group discussion.

Technological areas Trends Barriers

Remote and proximal 
sensing acquisition tools

Widespread adoption, growing 
interest

Costs, regulatory constraints, 
data processing 
requirements, skills gaps

GIS & DSS Widespread adoption, demand 
for advanced applications

Heterogeneous standards, 
skills gaps

ICT for urban forestry High potential Lack of common standards, 
limited digital skills

Precision harvesting High interest Costs, complexity, limited 
integration

Forest certification and 
product traceability

Most mature area Interoperability issues, wood 
chain fragmentation

Fig. 4 - Distribution of respondents by their main activity.
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key enabling factor. Many participants em-
phasized  the  need  for  practical  guidance 
and  operational  frameworks  to  support 
the  implementation  of  integrated  digital 
workflows in urban forestry management.

Precision harvesting
Precision  harvesting  technologies  were 

widely perceived as strategically important 
but still insufficiently developed within the 
Italian  forestry  sector  (Fig.  S4  in  Supple-
mentary material).  Respondents associate 
these technologies  with  improvements  in 
operational efficiency, worker safety, logis-
tics  optimization,  and  timber  traceability. 
However,  direct  operational  experience 
with  precision  harvesting  systems  ap-
peared relatively limited. The main barriers 
identified  included  high  machinery  costs, 
maintenance  requirements,  technological 
complexity,  and  the  need  for  specialized 
training, including for field operators.

Interest in precision harvesting was gen-
erally  stronger  among  structured  enter-
prises and consortia, whereas small compa-
nies and independent professionals tended 
to adopt a more cautious approach toward 
investment.

Most  respondents  placed  potential  in-
vestments within a medium- to long-term 
perspective, suggesting that precision har-
vesting  is  still  perceived  as  an  emerging 
rather than fully mature technological do-
main.

Forest certification and product 
traceability

Forest certification and product traceabil-
ity emerged as one of the most mature ar-
eas of forestry digitalization in Italy (Fig. S5 
in  Supplementary  material).  Respondents 
showed strong interest  in  digital  systems 
that support audits, product tracking, digi-
tal documentation, and supply chain moni-
toring through technologies such as RFID, 
QR  codes,  shared  databases,  and  block-
chain-based systems.

Stakeholders  generally  perceived  these 
tools  as  directly  beneficial  for  improving 
transparency, reducing administrative bur-
dens, and facilitating interactions with cer-
tification bodies and market actors.

Compared  with  other  technological  do-
mains, declared investment levels in trace-
ability  systems  were  relatively  high.  Re-
spondents  considered  these  technologies 
strategically important for improving com-
petitiveness and strengthening the sustain-
ability and legality of forest products.

Nevertheless,  several  participants  high-
lighted  persistent  interoperability  prob-
lems,  particularly  regarding  enterprise 
management  software  and  the  lack  of 
common technical standards.

Current adoption and investment trends
Analysis of investments made during the 

previous five years (Fig. S6 in Supplemen-
tary material)  indicates that most respon-
dents  or  their  organizations  have already 
allocated resources to digital technologies. 
Investment levels  were generally  modest, 
with the largest  share of  respondents re-
porting  expenditures  below  EUR  5,000, 
and a substantial proportion indicating in-
vestments between EUR 5,000 to 20,000. 
A  smaller  but  significant  group  of  stake-
holders  reported  substantially  higher  in-
vestments exceeding EUR 50,000, indicat-
ing  the  presence  of  more  innovation-ori-
ented organizations within the sector.

At  the  same time,  a  non-negligible  pro-
portion of respondents reported no invest-
ment  in  digital  technologies,  confirming 
the uneven pace of digital transition across 
the forestry sector.

Future  investment  expectations  appear 
more dynamic (Fig. S7). Many stakeholders 
indicated their intention to increase invest-
ments in digital technologies in the short- 
to  medium-term,  particularly  in  software 
solutions, digital services, GIS applications, 
and traceability systems.

In  contrast,  investments  involving  high-
cost  hardware,  advanced  acquisition  sys-
tems,  and  precision  harvesting  technolo-
gies were generally associated with longer 
implementation  timeframes.  Overall,  the 
results  suggest  a  gradual  but  increasing 
willingness to strengthen digital capacity in 
the operational forestry sector.

Focus group
The thematic analysis of the focus group 

discussion identified several recurring and 
cross-cutting themes related to the digital 
transition  of  the  Italian  forestry  sector 
(Tab. 3). Overall, the discussion confirmed 
and  expanded  the  trends  emerging  from 
the  questionnaire,  providing  a  more  de-
tailed  interpretation  of  stakeholders’  per-
ceptions, concerns, and expectations.

Five major themes emerged consistently 
across  participant  contributions:  (i)  skills 
and  training  needs,  (ii)  economic  and  in-
vestment  constraints,  (iii)  structural  frag-
mentation of the sector, (iv) technological 
and infrastructural limitations,  and (v) en-
abling  conditions  for  digital  transition. 
Training  and  professional  development 
were among the most frequently discussed 
topics. Participants repeatedly emphasized 
the shortage of digital competencies in the 
sector  and  the  need  for  accessible,  prac-
tice-oriented training pathways. In several 
cases, stakeholders considered investment 
in human capital  to be even more impor-
tant than investment in technologies them-
selves.  This  finding is  consistent  with  the 
questionnaire  results,  where  training  de-
mand emerged across all technological do-
mains.

Economic barriers also represented a ma-
jor  concern.  Participants  highlighted  the 
high  upfront  costs  of  advanced  digital 
technologies,  particularly  for  small  enter-
prises  and  independent  operators.  Many 
stakeholders  stressed  the  importance  of 
demonstrating clear economic returns and 
operational  advantages  to  encourage 
wider adoption. Public incentives, tax cred-
its,  and  targeted  funding  programs  were 
widely considered essential for supporting 
the  digital  transition,  especially  in  struc-
turally fragmented contexts.

The discussion also highlighted the orga-
nizational fragmentation of the Italian for-
estry sector as a major structural limitation. 
Participants noted that the prevalence of 
micro-enterprises,  small  forest  properties, 
and highly heterogeneous operational con-
ditions  often  limits  coordination,  reduces 
investment capacity, and slows technologi-
cal diffusion.

Several  technological  and infrastructural 
barriers were identified as additional obsta-
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Tab. 3 - Cross-cutting issues emerging from the focus group discussion: the themes identified through the focus group analysis are 
interpreted in light of the questionnaire findings.

Theme Key insights Link with survey results

Skills and training needs Lack of digital skills, strong demand for 
training, training preferred over 
technological investments

Confirms high demand for training across all 
domains

Economic and investment constraints High initial costs, uncertainty about 
benefits, preference for low-cost solutions

Aligns with cautious investment patterns

Structural and organizational barriers Fragmented sector, small enterprises, 
limited coordination

Explains uneven adoption across stakeholders

Technological and infrastructural limitations Poor connectivity, lack of interoperability, 
absence of shared platforms

Reinforces barriers identified in multiple 
domains

Enabling conditions for digital transition Need for knowledge hubs, incentives, 
collaboration, and demonstration activities

Expands on policy and innovation support 
needs
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cles  to digitalization.  In  particular,  partici-
pants  reported  persistent  connectivity 
problems in mountain and rural  areas,  in-
sufficient  interoperability  among  digital 
systems, and the lack of shared technical 
standards.  These  limitations  were  consid-
ered especially problematic for integrated 
workflows involving field operations,  spa-
tial  data  management,  certification  sys-
tems, and real-time information exchange.

Finally,  stakeholders emphasized the im-
portance of creating enabling conditions to 
support  long-term  digital  transformation. 
In particular, participants identified knowl-
edge  hubs,  collaborative  platforms,  com-
munities  of  practice,  and  demonstration 
activities  as  strategic  tools  to  improve 
knowledge transfer and reduce the gap be-
tween technological availability and opera-
tional  implementation.  Overall,  the  focus 
group confirmed that  digitalization in  the 
Italian forestry sector should not be inter-
preted solely  as  a  technological  issue.  In-
stead, it requires coordinated action involv-
ing training, organizational adaptation, in-
frastructure development,  policy  support, 
and  stronger  collaboration  among  re-
search institutions, enterprises, practition-
ers, and public administrations.

Discussion
The  questionnaire  responses  originated 

from a  voluntary,  non-probability  sample. 
This approach is appropriate for the explor-
atory and interpretative aims of this study. 
Therefore,  the  findings  should  be  inter-
preted as an evidence-based characteriza-
tion of stakeholder perceptions and priori-
ties rather than as statistically representa-
tive estimates of the Italian forestry sector. 
Nevertheless,  integrating  questionnaire 
data  with  webinar  feedback  and  focus 
group discussions strengthened the inter-
pretative  robustness  of  the  analysis.  The 
webinar component may also have helped 
shape respondents’ perceptions of digital-
ization.  Exposure  to  practical  examples, 
case studies, and current technological ap-
plications appeared to encourage a  more 
critical  assessment  of  the  actual  level  of 
digital  integration  within  participants’  or-
ganizations.  Therefore,  the  observed pre- 
and post-webinar differences should be in-
terpreted  as  a  preliminary  indication  of 
awareness-raising effects rather than as ev-
idence of a causal relationship between the 
webinar and subsequent perceptions.

The results indicate that the Italian opera-
tional forestry sector is currently undergo-
ing a gradual but uneven digital transition. 
Although awareness of the potential bene-
fits  of  digital  technologies  appears  wide-
spread,  actual  implementation  remains 
strongly influenced by structural, organiza-
tional,  and  economic  constraints.  Similar 
limitations have been reported in previous 
studies  on  forestry  digitalization  and  the 
adoption of precision forestry, particularly 
in fragmented forest systems (Hoppen et 
al. 2024, Vatandaslar et al. 2025).

The  findings  confirm  that  the  level  of 

technological adoption differs substantially 
across stakeholder categories and territo-
rial  contexts.  More structured enterprises 
and organizations generally  show greater 
readiness  to  invest  in  digital  innovation, 
whereas  smaller  operators  and  micro-en-
terprises tend to adopt a more cautious ap-
proach. This difference is likely associated 
with  disparities  in  investment  capacity, 
technical  skills,  organizational  structure, 
and access to training opportunities.

The relatively limited participation of pri-
vate forest owners in the survey further re-
flects a broader structural weakness of the 
Italian  forestry  sector.  Since  fragmented 
ownership  is  a  key  characteristic  of  Me-
diterranean  forestry  systems,  engaging 
smaller,  less  organized  stakeholders  re-
mains a major challenge to the large-scale 
implementation  of  precision  forestry  ap-
proaches.

The  questionnaire  results  indicate  that 
among the technological  domains investi-
gated,  GIS/DSS  systems  and  digital  tools 
for certification and traceability appear to 
have  already  reached  a  relatively  mature 
level of operational integration. Stakehold-
ers  generally  perceive  these technologies 
as accessible, operationally useful, and eco-
nomically sustainable. Their diffusion is like-
ly facilitated by their direct contributions to 
planning efficiency, administrative simplifi-
cation, supply chain transparency, and data 
management. In contrast, more advanced 
technologies such as robotics (Chirici et al. 
2023),  mechatronics  (Hoppen et  al.  2024, 
Kühmaier  et  al.  2025),  and  highly  auto-
mated  workflows  are  still  perceived  as 
emerging domains that require substantial 
investment in infrastructure, technical skill-
ness,  and  organizational  adaptation.  Al-
though  interest  in  these  technologies  is 
high,  operational  implementation remains 
limited,  particularly  among  small  and 
medium  forestry  enterprises.  This  emerg-
ing paradigm aligns with the broader con-
cept of Forestry 5.0, which extends beyond 
automation  toward  human-centered,  re-
silient,  and sustainable digital  ecosystems 
integrating  artificial  intelligence,  robotics, 
and real-time decision  support  (Holzinger 
et al. 2024).

The study also highlights the growing im-
portance  of  integrated  digital  workflows 
that  connect  field  activities,  spatial  infor-
mation management, administrative proce-
dures, and supply chain monitoring. In this 
context,  geospatial  information  derived 
from remote sensing systems, GNSS tech-
nologies, and digital databases increasingly 
serves as a transversal infrastructure that 
supports multiple forestry applications, in-
cluding planning,  harvesting,  certification, 
and environmental monitoring.

While more structured organizations de-
monstrate a clear readiness to invest in in-
novation,  certain  professional  categories 
and territorial contexts, particularly in Cen-
tral and Southern Italy, exhibit greater cau-
tion, mainly due to limited training oppor-
tunities  and  implementation  costs  per-

ceived as  relatively  high compared to ex-
pected benefits. In this context, well-struc-
tured and compliant enterprises, public au-
thorities,  and  environmentally  conscious 
consumers appear to be the “winners” of 
the ongoing digitalization process, benefit-
ing  from  greater  transparency  and  im-
proved access  to  data.  Conversely,  small-
scale operators and micro-enterprises, par-
ticularly  those  operating  in  mountainous 
areas, and actors in informal segments of 
the economy may risk becoming “losers” 
or “opponents” potentially excluded, due 
to high implementation costs, limited train-
ing  opportunities,  or  resistance  to  in-
creased  digital  monitoring  and  control 
mechanisms.

Precision harvesting represents a particu-
larly interesting case. Although stakehold-
ers recognized its strategic importance, di-
rect  operational  experience  remains  lim-
ited. Respondents associate precision har-
vesting  with  increased  operational  effi-
ciency,  improved worker safety,  and con-
tinuous timber traceability  along the sup-
ply chain, yet only a minority report direct 
experience  with  its  implementation.  The 
survey findings are consistent with sectoral 
analyses conducted in specific studies, e.g., 
the  OpenDigiFor (2025) project, which de-
scribe harvesting operations as still largely 
dependent on small-scale enterprises with 
limited investment  capacity  and relatively 
low levels of mechanization. The adoption 
of advanced technologies such as machine-
mounted  sensors,  telematics,  automated 
weighing  systems,  and  real-time  opera-
tional  monitoring  therefore  remains  re-
stricted  to  a  relatively  small  number  of 
structured enterprises and pilot initiatives.

The few entities  implementing precision 
harvesting  solutions  are  typically  struc-
tured enterprises or organizations involved 
in publicly funded projects. The main criti-
cal  issues  perceived  by  stakeholders  in-
clude the high cost of machinery and sen-
sors, the need for specialized training, inte-
gration  challenges  with  forest  planning 
and assortment definition,  and limited in-
teroperability  with traceability  and certifi-
cation systems.

The findings further emphasized the role 
of  organizational  and  cultural  factors  in 
shaping the adoption of digital innovation. 
Beyond economic constraints, some stake-
holders expressed concerns related to ex-
cessive  mechanization,  increased  digital 
monitoring, and the potential loss of pro-
fessional  autonomy.  These  observations 
suggest  that  resistance  to  digitalization 
cannot be interpreted exclusively in techni-
cal  or  financial  terms  but  also  involves 
broader  organizational  and  social  dimen-
sions. Comparable concerns have been re-
ported in studies addressing forestry pro-
fessionals’  perceptions  of  artificial  intelli-
gence  and  emerging  digital  technologies 
(Ritter et al. 2025).

Forest  management  certification  and 
product traceability  are domains in which 
digitalization already provides tangible sup-
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port,  both  by  ensuring  greater  trans-
parency  across  production  chains  and  by 
facilitating  market  access  (Brunori  et  al. 
2021,  Bruzzese  et  al.  2025).  Nonetheless, 
certain challenges persist, including system 
fragmentation,  interoperability  difficulties 
with enterprise management software and 
ERP  (Enterprise  Resource  Planning)  sys-
tems, and the lack of common standards. 
Looking  ahead,  the  desired  development 
trajectory  points  toward  the  creation  of 
genuinely interoperable digital ecosystems 
based on open APIs (Application Program-
ming  Interfaces),  the  introduction  of 
unique marking and identification systems 
for timber batches, and the deployment of 
digital  dashboards  capable  of  supporting 
rapid audits and transparently monitoring 
sustainability  KPIs  (Key Performance Indi-
cators).

In summary, digitalization is no longer a 
futuristic  option,  but  a  present  and  un-
avoidable necessity in the perception of a 
large share of forestry stakeholders.  Con-
solidating this transition requires reducing 
economic and organizational  barriers,  pri-
oritizing investment  in  skills  development 
over capital assets, and fostering a stable 
innovation  ecosystem  that  can  bridge 
knowledge gaps and embed methodologi-
cal and technological advances into every-
day forestry activities (Corona 2025).

Training is widely recognized as a decisive 
factor  in  developing  competencies  and 
consolidating the effective use of technolo-
gies; across all technological domains con-
sidered, this issue has emerged as a central 
element in the focus group discussion. The 
demand for professional development and 
targeted training pathways is high, and in 
some  cases,  the  willingness  to  invest  in 
skills development exceeds the willingness 
to purchase new technologies.

Connectivity limitations, lack of interoper-
ability among systems, and the absence of 
shared  technical  standards  also  emerged 
as major barriers. These issues are particu-
larly relevant in mountainous and rural ar-
eas,  where  limited  digital  infrastructure 
may significantly reduce the effectiveness 
of  integrated  operational  workflows  and 
real-time information exchange.

The results consistently indicate the need 
for shared knowledge infrastructures that 
support  training,  cooperation,  technology 
transfer, and standardization. International 
experiences,  such as  the Center  of  Excel-
lence  to  transform  forest  environment 
monitoring (Forest 4.0 2025), the Commu-
nity of Practice on Forest Management De-
cision Support  Systems (ForestDSS 2025), 
the  FOREST4EU  network  (FOREST4EU 
2025), the Pan-European Forest Risk Facil-
ity (FORISK 2025), and other collaborative 
digital networks, demonstrate the growing 
relevance of communities of practice and 
knowledge-sharing platforms in  accelerat-
ing  collective learning and innovation up-
take within fragmented sectors.

In  the  Italian  context,  such  initiatives 
could play an important role in reducing in-

formational  fragmentation,  improving  in-
teroperability,  and  facilitating  collabora-
tion among researchers, practitioners, en-
terprises,  and  public  administrations.  Be-
yond  technical  support,  these  structures 
may contribute to the development of sta-
ble  innovation  ecosystems  that  support 
long-term digital transition strategies.

Overall, the findings suggest that digital-
ization should not be interpreted simply as 
the introduction of new technologies into 
forestry operations. Rather, it represents a 
broader socio-technical transition requiring 
coordinated  investment  in  infrastructure, 
training,  organizational  adaptation,  inter-
operability,  and long-term policy  support. 
In structurally fragmented forestry systems 
such as those typical of Southern Europe, 
the success of this transition will largely de-
pend on the ability to adapt digital innova-
tion  to  local  operational  realities  rather 
than directly replicating models developed 
for  highly  mechanized  industrial  forestry 
systems.  These  reflections  are  consistent 
with previous research (Brunori et al. 2021), 
which also highlighted the importance of 
effective dissemination activities targeting 
not only sector professionals but also the 
general public to avoid a separation among 
the  biophysical,  technical,  economic,  and 
social dimensions of forestry.

Conclusions
This study provides an updated overview 

of  how  digitalization  is  perceived  within 
the  Italian  operational  forestry  sector, 
highlighting  growing  interest  in  digital 
technologies  alongside  the  still  uneven 
adoption  of  advanced  solutions.  The  re-
sults suggest that the gap between tech-
nological  potential  and operational  imple-
mentation is influenced not only by finan-
cial constraints but also by structural, orga-
nizational,  and  skills-related  factors  that 
characterize  fragmented forestry  systems 
such as those typical of Southern Europe.

Because the study was based on a volun-
tary,  non-probability  sample,  the  findings 
should be interpreted as reflecting the per-
ceptions and priorities of the stakeholders 
involved rather than as statistically  repre-
sentative  estimates  of  the  entire  Italian 
forestry  sector.  Nevertheless,  the  consis-
tency among questionnaire responses, we-
binar  feedback,  and  focus  group  discus-
sions provides a robust evidence for identi-
fying current trends, barriers, and opportu-
nities related to digitalization in Italian for-
estry.

The  results  indicate  that  several  digital 
tools, particularly GIS/DSS systems and cer-
tification  and  traceability  technologies, 
have already reached relatively mature lev-
els  of  operational  use.  In  contrast,  more 
advanced  applications  such  as  precision 
harvesting  systems,  integrated  remote 
sensing workflows, robotics, and highly au-
tomated  processes  are  still  in  their  early 
stages of diffusion and require substantial 
investment  in  infrastructure,  technical 
competencies,  and organizational  adapta-

tion.
The findings  of  this  study  highlight  sev-

eral strategic factors for a successful digital 
transition in Italian forestry, specifically: (i) 
human  capital  – training  emerged  as  the 
most important enabling factor  across all 
technological domains; targeted program-
mes focused on GIS applications,  remote-
sensing data processing, digital traceability 
systems,  and  precision  harvesting  tech-
nologies  could  substantially  improve  the 
sector’s capacity to adopt and use digital 
tools effectively; (ii) knowledge infrastruc-
tures – the establishment of national or re-
gional forestry knowledge hubs could facil-
itate  collaboration  among  researchers, 
practitioners,  enterprises,  and  public  ad-
ministrations;  such  platforms  could  inte-
grate  technical  guidelines,  demonstration 
activities,  training  resources,  operational 
case studies, and peer-to-peer learning op-
portunities;  (iii)  system  interoperability  – 
future digitalization strategies should prior-
itize  the development  of  shared informa-
tion  infrastructures,  common  data  stan-
dards,  open interfaces,  and interoperable 
platforms  capable  of  connecting  forest 
planning, operational management, certifi-
cation systems, and supply-chain monitor-
ing; (iv) stable and accessible support poli-
cies  – long-term digital  transition requires 
simple and predictable policy instruments, 
including  innovation  vouchers,  dedicated 
investment  grants,  and  tax  incentives 
specifically designed for the needs and in-
vestment capacities of forestry SMEs and 
self-employed professionals.

Overall, digitalization should no longer be 
regarded as a future option, but rather as a 
necessary  component  of  sustainable  and 
competitive  forestry  management.  How-
ever, a successful digital transition will re-
quire coordinated strategies that integrate 
technological innovation with training, or-
ganizational adaptation, infrastructure de-
velopment, and policy support.

Although grounded in the Italian context, 
the findings of this study may also provide 
useful  insights  for  other  Southern  Euro-
pean  countries  and  for  forestry  systems 
characterized  by  fragmented  ownership 
structures, limited mechanization, and het-
erogeneous operational conditions.
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Fig. S6 - Investments in precision technolo-
gies over the past five years. 

Fig. S7 - Investment forecasts for precision 
technologies in the coming few years.
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