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Research developed 
within the framework of:

Research Background
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FAO, 2025
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§ Key role in forest resilience and adaptation
§ Underpin forests’ adaptation to forest stressors
§  Support the delivery of ecosystem services (ES)

Forest Genetic Resources (FGR): 
“the heritable material in trees & 
woody plants”

Forest Reproductive Material (FRM): seeds, 
seedlings, plant parts, propagated plants…

Modified from Braat and de Groot (2012)

Natural capital
Ecosystems & biodiversity

Human wellbeing
Socioeconomic & cultural context

Biophysical 
structure & 
process

(e.g. forest genetic 
resources, FGR…)

Functions

(e.g. slow water 
passage, biomass 
growth…)

Services

FGR as 
services

Other services 
affected by FGR
- Provisioning
- Regulating
- Cultural

Benefits

e.g. health, food 
security, safety…

Value

e.g. market value of seeds, 
WTP for conservation, 
Cultural value of species…

FGR and biodiversity as 
preconditions for 
ecosystem functioning à 
supporting ES (MEA, 2005)

1

1

2

FGR = ES per se
(e.g., seeds provision, conservation of gene pools)2

3

FGR = direct or indirect ES promoters/drivers3
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Research Background
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Research Motivation

§  FGR conservation and improvement à use (i.e., commercial benefits) and 
non-use (i.e., broader ecological gains) values

§ Research in Europe à use value: e.g., wood production in Nordic countries 

§  Despite socioecological relevance, FGR overlooked in current economic-

accounting models-systems in relation to broader ES categories.
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(Bosselmann et al., 2008; Jansson et al., 2017; Soliño et al., 2020 ) 

Problem Statement &
Research Questions (RQs)

Some FGR management practices already proposed (Ratnam et al., 2014) however lack of studies 
on their influence on ES over future ecological, socioeconomic, and political trajectories
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RQ1: Which FGR management practices can contribute to improving ES supply in selected EU 
countries and at the EU level? 

RQ2: What are the impacts of FGR management practices on ES’ supply at different scales? 

RQ3: How might these impacts change under alternative future scenarios? 

RQ4: What environmental, economic-technological, and sociopolitical (legal) risks are associated 
with these practices, and what mitigation strategies could address them at different scales? 
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Methods
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Literature review and experts’ consultation:

• FGR management practices, the levels of genetic 
diversity management and FRM,

• Forest-ES,

• Future Scenario (based on scientific-policy 
frameworks, e.g., IPCC CO2 concentration and 
temperature scenarios, IPBES pathways towards a 
sustainable future (IPBES, 2023), the Nature Futures 
Framework (NFF) (Paz-Durán et al., 2023),

• The Delphi Methodology (iterative, anonymous 
consultation of experts based on controlled feedback, 
and statistical aggregation to achieve consensus on 
complex, multi-variable issues) (Hurmenosky et al., 2019).

Delphi method:

• Design of Delphi Survey,

• Internal Survey Pilot Test,

• Experts panel identification,

• Management of the Delphi process,

• Analysis of the results and feedback to 
experts.
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FGR management practices, 
Level, FRM and Forest-ES 
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Future Scenarios 1/2

3 scenarios on the future 
interpretation and management of 
European forests, FGR and FRM, 
considering climate change 
adaptation and mitigation 
potential by 2050

15/5/2025

Nature for Nature (NN): “Arcology”
Land sparing, Forest Conservation, Rewilding, 
Ecological resilience, Intrinsic value

Nature for Society (NS): “ Optimising Nature”
Forest optimization, Bioeconomy, Natural Capital, 
Green Growth, Socioeconomic resilience

Nature for Nature,  Nature for Culture and Nature for 
Society (NN-NC-NS):  “Innovative-socio-ecological 
resources sharing through sparing”
Land sharing, Environmental public goods, Half-Earth, Bio-cultural 
forest landscapes, Socio-ecological resilience

The Delphi process 
& survey design
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3 rounds

For each round

3 blocks
- Provisioning ES
- Regulating ES
- Cultural ES

For each block

4 sections
National-level

EU-level

§ S1: FGR management practices 
§ S2: assess & rank ES that increase via selected 

practices (baseline)
§ S3: same as S2 but considering future scenarios
§ S4: assess risks associated with practices and 

corresponding mitigation strategies

1 2 3

The Delphi process 
& survey design
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§ Survey via UNIPD Lime Survey platform
§ Pilot-tested by 15 experts from the OptFORESTS project

Final experts panel for Delphi (snowball sampling)

§ 5 expert categories: geneticists, ecologists, socioecologists, economists, and 

decision-makers with experience in FGR-ES research, management and policy 

§ 6 EU countries (Finland, Denmark, Romania, France, Slovenia, and Italy) + EU 
level

Expert’s panel
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§ Approx. 200 experts contacted à  68 agreed to participate à  47 completed the first round

§ The panel is strongly unbalanced both in terms of countries and expert categories (some gaps)

§ IT most represented country, DK only one expert

§ Geneticists most represented, Economists the least
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Results: FGR management practices (%)
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1. NL-IBS: Novel low-input breeding strategies; 2. HIB: High intensity breeding; 3. SGB: Seed/Gene banks; 4. CSO/CA: Conservation seed orchards/clonal archives; 5. SSS: Selected 
seed stand; 6. SGMS: Silviculture of genetically mixed stands; 7. ST: Selective thinning;  8. RDF: Rescue of declining forests; 9. RDA: Restoration of devastated areas; 10. LSGHM: 
Landscape-scale genetic heterogeneity management

Results: FGR management practices & 
specific ES supply at the EU-level
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Note: 1. NL-IBS: Novel low-input breeding strategies; 2. HIB: High intensity breeding; 3. SGB: Seed/Gene banks; 4. CSO/CA: Conservation 
seed orchards/clonal archives; 5. SSS: Selected seed stand; 6. SGMS: Silviculture of genetically mixed stands; 7. ST: Selective thinning; 
8. RDF: Rescue of declining forests; 9. RDA: Restoration of devastated areas; 10. LSGHM: Landscape-scale genetic heterogeneity 
management, 11. O: Other

§ Peculiar Trade-offs both within and 
between ES categories.

e.g.,: RDA is associated with provisioning 
of genetic materials and water, much less 
with noise reduction and air quality 
regulation. 

NL-IBS: strong positive impact on 
education and research, but no impact on 
recreation and sport. 

ST: positive impact on carbon storage & 
natural hazard protection, no impact on 
water and soil quality.
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Results: FGR management practices & ES 
supply: an example of cross-regional comparison
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NL-IBS: Novel low-input breeding strategies; 2. HIB: High intensity breeding; 3. SGB: Seed/Gene banks; 4. CSO/CA: Conservation seed 
orchards/clonal archives; 5. SSS: Selected seed stand; 6. SGMS: Silviculture of genetically mixed stands; 7. ST: Selective thinning; 
8. RDF: Rescue of declining forests; 9. RDA: Restoration of devastated areas; 10. LSGHM: Landscape-scale genetic heterogeneity management
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Results: Future scenarios
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On avg. across practices:
§ NN-NC-NS (65%): most functional to 

increase future supply of all ES categories 

§ NS (30%): mainly regulating ES (39%)

§ NN (5%): cultural (1%) & provisioning (2%) ES
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Country patterns:
§ RO & SI: highest NN (10-12%) à regulating

§ DK & RO: lowest NN-NC-NS, highest NS

§ SI: NS (0%) NL-IBS: Novel low-input breeding strategies; 2. HIB: High intensity breeding; 3. SGB: Seed/Gene banks; 4. CSO/CA: 
Conservation seed orchards/clonal archives; 5. SSS: Selected seed stand; 6. SGMS: Silviculture of genetically 
mixed stands; 7. ST: Selective thinning; 8. RDF: Rescue of declining forests; 9. RDA: Restoration of devastated areas; 
10. LSGHM: Landscape-scale genetic heterogeneity management; 11. O: Other  
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Results: Risks categories
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On avg., across practices

§ Highly heterogenous risk picture

§ E-T risks frequently ranked first

§ S-P relevant for LSGHM and HIB

§ E (slightly) higher only for NL-IBS
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NL-IBS: Novel low-input breeding strategies; 2. HIB: High intensity breeding; 3. SGB: Seed/Gene banks; 4. CSO/CA: 
Conservation seed orchards/clonal archives; 5. SSS: Selected seed stand; 6. SGMS: Silviculture of genetically mixed 
stands; 7. ST: Selective thinning; 8. RDF: Rescue of declining forests; 9. RDA: Restoration of devastated areas; 10. LSGHM: 
Landscape-scale genetic heterogeneity management; 11. O: Other  

E: environmental
E-T: economic-technological
S-P: socio-political

Countries patterns:

§ FR very high share across risks

§ FI particularly high on E-T

§ RO high E-T and S-P for restoration and 
landscape levels

Discussion
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§ Varying practices across countries and ES groups

§ Provisioning à  the most diverse, Regulating à  stand and landscape level options, 
Cultural à  large-scale restoration and management practices

§ Overall need for a multilevel approach à  links with different national/EU policies

§ Country-level patterns, e.g. Italy and Slovenia (RDA) à  recent common issues? 
(windstorms- wildfires)

§ NN-NC-NS preferred scenario à  multifunctional approach based on “nature’s 
contributions to people” vs intrinsic (NN) or utilitarian (NS) perspectives of ES

§ Heterogenous risk picture à  specific traits by country and categories (E-T 
particularly relevant)
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Conclusions & Way forward
§ Some key limitations (e.g., panel composition) 

§ An interdisciplinary Delphi à insights for bridging ecological and economic 
benefits in forestry

§ Land-sharing & multifunctionality: emerging (policy) paradigms à e.g., Biodiversity
International Framework, EU Nature Restoration Regulation

§ Mixed practices = mixed risks à mainly E-T (higher costs) à valuing co-benefits to 
(reduce risks) improve economic viability & financial stability

§ Final results can inform future strategies for ecological-socioeconomic resilience 
linked to FGR in Europe

§ Way forward: spatially-explicit (physical-monetary) assessment of forest-ES 
trade-offs at multiple scales
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Thank for 
your attention!


