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Summary

Current global changes are negatively affecting the capability of forest ecosystems to provide
forest ecosystem services (FES). In contrast, they are also stimulating an increase in the
demand for natural products and services. This is expanding the gap between the demand
and supply of forest ecosystem services. Different instruments have been already
implemented to try to cope with this challenge, but without finding effective solutions. This
dissertation explores European innovative economic, social, and policy approaches to support

the provision of forest ecosystem services that will allow meeting their societal demand.

The analysis of the economic approach has been implemented compiling an inventory of
European innovative experiences implemented to support FES provision and enhancement.
The inventory has been analysed through a specific framework developed for the purpose.
Moreover, the specific innovation types introduced have been further investigated through a
specific framework. Descriptive and frequency analyses have been computed, jointly with the
implementation of the Multiple Correspondence Analysis (MCA). The results underline the
high variability of economic instruments used within the innovative mechanisms targeting a
high variability of forest ecosystem services. The analysis reveals also the presence of
instruments that do not belong to the defined categories but are characterised by the
establishment of new social organisations. The outcomes of the MCA depict two different
dimensions. The first one describes the positive relations between the presence of new social
organisations and the provision of bundled FES. Differently, the second one describes the
importance of command & control instruments to support the provision of those FES

characterised by difficult excludability.

The analysis of the social approaches has been computed considering the Italian national
context. An analysis of the national and regional regulatory background sustaining the
presence of associative models have been done. The final analysis allowed to establish a
categorisation of the existing experiences. Within this classification, the most innovative
models result in community cooperatives. Indeed, they are aimed to benefit the whole
community in which they were constituted, and not only the member of the association.
Moreover, a lack of coordination among policies and experiences have been detected. The
latter could have a positive impact through the sharing of best practices and the knowledge

gained.



Finally, the analysis of the policy approach consists in analysing the role of the forestry sector
within one of the most recent EU regulations and financing sources: the National Recovery
and Resilience Plan. The plans of the 26 member states have been analysed through
keywords. Descriptive analysis and cluster analysis have been computed. The results of the
cluster analysis reveal the presence of three different clusters characterised by the presence
or absence of forest-related themes. The first cluster is characterised by more traditional and
conservative countries with an inward-looking orientation. The second cluster is
characterised by innovative countries supporting a more traditional forestry sector oriented
to wood and wood-based products. Finally, the last cluster is characterised by innovative

countries supporting forest multifunctionality and having a more global perspective.

The conclusion highlights the theoretical contribution of this dissertation that introduced two
analytical frameworks to investigate innovative mechanisms and innovation types of those
experiences supporting FES provision and enhancement. Finally, policy recommendations

have been provided.
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Sommario

| cambiamenti globali a cui stiamo assistendo negli ultimi decenni, se da un lato stanno
riducendo la capacita degli ecosistemi forestali di fornire servizi ecosistemici forestali (SEF),
dall’altro stanno stimolando una crescita della domanda di questi servizi e prodotti. In questo
modo, il divario esistente tra la domanda e l'offerta dei servizi ecosistemici forestali sta
aumentando sempre pil. Per cercare di ridurre tale divario, negli anni sono stati sviluppati e
introdotti diversi strumenti politici ed economici, che perd non sempre sono stati efficaci nel
supportare la fornitura di tali SEF. Questo lavoro di tesi ha come obiettivo quello di esplorare
quegli approcci innovativi economici, ma anche sociali e politici in grado di stimolare una

gestione forestale capace di fornire i SEF richiesti della societa.

La prima parte dello studio ha riguardato la creazione di un inventario di meccanismi
innovativi implementati in Europa a sostegno della fornitura dei SEF. Essi sono poi stati
analizzati attraverso un framework sviluppato per evidenziarne le caratteristiche principali,
tra cui vi e I'indicazione riguardante il tipo di innovazione introdotta. Un secondo framework
e stato sviluppato appositamente per questa analisi specifica. | dati raccolti sono stati poi
analizzati attraverso analisi statistiche descrittive e I'implementazione dell’analisi delle
corrispondenze multiple (ACM). Le prime elaborazioni rivelano un’alta variabilita rispetto agli
strumenti economici presenti e ai servizi ecosistemici forestali presi in considerazione dai
meccanismi innovativi. In alcuni casi sono stati identificati alcuni strumenti non appartenenti
a nessuna delle categorie predefinite ma che sono caratterizzati dalla costituzione di nuove
organizzazioni sociali. | risultati dell’ACM rivelano la presenza di due dimensioni principali in
grado di descrivere parte della variabilita presente all’interno dei casi dell’inventario. La prima
dimensione raccoglie quei casi caratterizzati dalla presenza di nuove organizzazioni sociali e
dalla fornitura di una pluralita di SEF, mentre la seconda & caratterizzata dalla presenza di
strumenti di commando e controllo a sostegno della fornitura di quei beni e servizi forestali

caratterizzati da una bassa escludibilita.

Nella seconda parte della tesi viene esplorato il contesto dell’associazionismo forestale
italiano attraverso I’analisi del guadro normativo nazionale e dei quadri normativi regionali e
attraverso lo studio di alcune esperienze presenti nel territorio nazionale. Tali analisi hanno
permesso una categorizzazione dei modelli associativi individuati, che comprendono anche
quelle forme associative piu innovative, ovvero le cooperative di comunita, il quale obiettivo

vii



non & quello di generare impatti positivi solo all'interno dei membri della cooperativa, ma di
estenderli all’intera comunita di cui fanno parte. Tali analisi hanno permesso di individuare
una forte mancanza di coordinazione tra i regolamenti, ma anche tra le esperienze stesse,

andando ad inficiare sulla capacita di condivisione di buone pratiche.

L'ultima parte della tesi infine, € focalizzata allo studio del ruolo del settore forestale
all'interno di una delle piu recenti e innovative normative e fonti di finanziamento
comunitario: il Piano Nazionale di Risanamento e Resilienza (PNRR). Ventisei PNRR sono stati
analizzati attraverso l'utilizzo di diverse parole chiave, di analisi statistiche descrittive e
attraverso I'analisi dei gruppi, (“cluster analysis”). | risultati di quest’ultimo studio rivelano la
presenza di tre diversi clusters definiti in base alle tematiche, legate al settore forestale,
presenti o meno all'interno dei singoli PNRR. Il primo cluster & caratterizzato da stati piu
tradizionali e conservatori che, attraverso il PNRR, intendono promuovere azioni mirate ad
una gestione forestale a sostegno del settore stesso con un focus prettamente nazionale. Il
secondo cluster & caratterizzato da paesi pil innovativi volti a promuovere la filiera dei
prodotti legnosi. Infine, anche I'ultimo cluster & caratterizzato da stati piu innovativi, dove

pero questa spinta e indirizzata alla promozione della multifunzionalita delle foreste.

La conclusione evidenzia il contributo teorico apportato dal lavoro di ricerca svolto, le
limitazioni incontrate e indicazioni su possibili indirizzi di ricerca futuri. Infine sono state

formulate alcune raccomandazioni di indirizzo politico.
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Part I: Body of Dissertation



1. Introduction

This chapter introduces the research background and the problem statement. It then presents
the objectives and the structure of the study, elucidating the leading thread among the

different parts.

1.1. Research background and problem statement

Forests in Europe cover 35% of the total land area (Korhonen and Stahl, 2020) and provide a
high variety of goods and services (Garcia-Nieto et al., 2013; Orsi et al., 2020), which are
indispensable to the well-being of people living in proximity to forested lands and to society
as a whole (MEA, 2005; IPBES 2018). These goods and services are known as forest ecosystem
services (FES) (Haines-Young and Potschin, 2018).

In the last decades, the gap between demand and supply of FES has increased, also in
connection to the expanding of global issues. Global warming (IPCC, 2021) and population
growth (Roser et al., 2013) are increasing the pressure on forest resources (Hanewinkel et al.,
2013; Maja and Ayano, 2021). On the one hand, population growth and the higher importance
attributed to forests in facing current environmental and climatic challenges (EC 2019; EC
2021) are leading to a rise in FES demand (Sauter et al., 2019). The Covid-19 pandemic has
intensified these needs and triggered new ones, providing new possibilities for some FES
(mainly cultural ones) that were less valued before the pandemic (Grima et al., 2020; Ugolini
et al., 2020). On the other hand, global warming is leading to forests degradation, decreasing
forests resilience and making forests more susceptible to external agents such as pest
infestations, wildfires, and windstorms (Chirici et al., 2019; Ferrara et al., 2019; Forzieri et al.,

2021), impacting negatively on their capability in providing FES (Mina et al., 2017).

Mountain forests ecosystems are vulnerable and sensitive to temperature and precipitation
variations (Beniston, 2003), hence they represent appropriate cases to assess the impacts of
climate change on forests capability to provide FES (Ding et al., 2016). Bottaro et al. (2022)
conducted a literature review to assess the European trends on FES provided by mountain
forest ecosystems connected to climate changes. Only the papers describing the effects of
climate changes on mountain forests have been taken into consideration by the authors.
Papers based on modelling climate changes effects have been excluded. The results of the

study showed that for the majority of mountain FES the trend is negative (Figure 1.1), with
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some exceptions in the boreal region (Scandinavian countries and Island), due mainly to the

lengthening of the growing season due to temperature increase.
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Figure 1.1. Impacts of climate change on FES provided by mountain forest ecosystems according to European
climatic regions. From Bottaro et al. (2022)



Given that climate change is going to drastically impact the natural ecosystems in the close
future, strengthening the capability of forests to provide FES is essential to meet the societal
demand of FES. Traditionally, European forest management, especially in northern and
central Europe, has been targeted to boost the delivery of provisioning ecosystem services,
mainly wood and wooden-related products, the priority of which is still predominantly on
forest-related policies (Primmer et al., 2021). However, a multifunctional and sustainable
approach to forest management is needed and required to face current environmental and
social challenges and to meet the increased demand of regulating and cultural FES (Benz et
al., 2020). Although at the European level and in some European countries specific forest
policies spurring multifunctional and sustainable forest management are already applied (EC

2013; Messier et al., 2019), higher efforts are needed, both in policy and economic terms.

Scholars in environmental policy already proposed and analysed several economic
instruments to support the provision of ecosystem services, e.g. Sterner and Coria (2013),
which have been implemented from a local to the international scale. These instruments are
usually divided in two different categories: Market Based Instruments (MBIs) (e.g. Stavins,
2003; Pirard, 2012; Boisvert et al., 2013; Gémez-Baggethun and Muradian, 2015; Lapeyre et
al., 2015) and non-Market Based Instruments (n-MBIs) (e.g. Lapeyre et al., 2015). n-MBIs refer
to policy instruments with no direct link with the market — e.g. command and control
approach, regulations, monitoring and penalties, etc. (Lapeyre et al., 2015). MBls, conversely,
refer to the suite of instruments that promote behaviours through market signals (Stavins,
2003) such as tax rebates and subsidies, payment of ecosystem services, biodiversity offset,
certifications. Even if they have been the most applied instruments for environmental
conservation and enhancement of ecosystem services worldwide (Pirard and Lapeyre, 2014),
a common definition and understanding of them is still far. Indeed, a plethora of different
instruments are described as MBIs, even when they tentative definitions not overlap (Pirard,
2012),. Moreover, despite the existing classifications of MBIs (e.g. Stavins, 2003; Windle et
al., 2005; Prokofieva and Wunder, 2014), a common understanding and classification of them
is still missing (Froger et al., 2015). Whether the majority of economic instruments are
suitable in supporting the provision of marketable FES, challenges rise for FES with a public
good or common-pool resources nature (Farley and Costanza, 2010). The provision of goods

and services that are external to the market and characterised by difficult excludability is



sometime believed to be governments’ responsibility (Daly and Farley, 2004). This is true also
in those forests, often owned by private actors, where the potentiality of providing FES is
high. Because the existing instruments are not always capable of addressing forest
management to spur the provision of distinct FES, forest owners struggle in aligning FES

provision with the increasing societal demand (Ezzine-de-Blas et al., 2016; EU Horizon 2020).

Because several FES are common or public goods, it is fundamental to foster scholars and
policy-makers to design and implement innovative policies instruments that can effectively
encourage landowners in FES provision (Kemkes et al., 2010). One of the main policies
supporting agricultural and forest ecosystems is the Rural Development Programmes. Being
the main source of funding to support forests in Europe, its measures are thoroughly
monitored and studied (e.g. Alliance Environment, 2017). However, forestry in Europe is
shaped also by several other policies dealing directly or indirectly with the forestry sector,
such as climate and environment conservation, agriculture, and energy policies (Winkel and
Sotirov, 2016), where the role given to forestry sector is not equally known. This generates a
lack of knowledge regarding the role of forestry sector within the European regulations in
general. These and other topics issues were considered within the pillars around which the
Next Generation EU programme of the European Union (EU) has been structured. Through
the Next Generation EU programme, the EU will support the member states to recover from
the covid-19 pandemic providing them with a precise path to innovate by being greener, more
digital, and healthier. To understand the role of forestry sector within one of the main
components of the Next Generation EU — i.e., the National Recovery and Resilience Plans
(NRRPs) — is fundamental for providing indications about the direction towards which the

forestry sector is led within one of the most innovative and recent EU policies.

According to Forest Europe (2020), the majority of the European countries share the issue of
having small forest properties average sizes, with plots often far from each other. This brings
about land fragmentation and land abandonment, making it difficult the implementation of
effective forest management (Hatcher et al., 2013). The creation of social organisations such
as forest associations and cooperatives and the coordination among forest owners, forest
managers, local administrations, harvesting companies, and other key stakeholders is among
the most often proposed strategies to encourage forest owners in actively managing their

forests (Jylha, 2007; Zivojinovi¢ et al., 2015). Kittdredge (2005) deeply analysed the benefits,
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and consequently the reasons, that stimulate forest owners to become part of a forest
association The principal reasons are the facilitation in accessing to financial measures, the
organisation of joint economic activities and events, the sharing of professional services, the
increase of the contractual power, and the possibility to develop labels, brands or standards

to promote specific products.

Against this complex background, the importance emerges of finding innovative approaches
capable to support the provision and enhancement of FES. More specifically, there is the need
of finding: new approaches, capable to support from an economic perspective the provision
of those FES not yet properly addressed by the existing instruments; new social approaches
capable to stimulate effective forest management when forest land ownership is fragmented;
new policy frameworks capable of properly supporting the forestry sector. These three needs
are at the core of the present dissertation, where they have been analysed at different scales

and with different methodological approaches.

1.2. Dissertation objectives and structure

The overarching objective of this research is to identify and analyse innovative approaches
capable to support forest management for FES provision and enhancement. This general

objective has been broken down into three specific objectives:

1. to provide an insight into economic approaches to spur FES provision;

2.  toexplore how the occurrence of social practices can support forest management
addressed to FES provision, and how they are characterised;

3.  toanalyse the role of forestry sector in one of the most recent EU policies and to

investigate in which direction it addresses innovation within the sector.

This dissertation is organised as a compilation of papers and is divided into two parts.

Part | is the body of the dissertation. Beside Chapter 1, it includes Chapters 2, 3 and 4., which
correspond respectively to Paper I, Paper Il, and Paper lll. These three papers accomplish the
three specific objectives of the dissertation (Figure 1.2). In them, | had responsibility as main

author. They have been included in the dissertation in their original version, i.e., respectively:



Ch. 2 —Paperl.

Ch. 3 —Paperll.

Ch. 4 — Paperlil.

Innovative mechanisms to support forest ecosystem services provision and
enhancement. An overview at the European level. Under submission to
Forests.

The paper aims to investigate Innovative Mechanisms (IM). Those are new
approaches implemented at the European level capable to support
landowners in providing FES (specific objective 1). We compiled an
inventory of these experiences and analysed them through two different
frameworks, the first one analysing IM features, the second one focusing
on the analysis of their innovativeness. Descriptive statistical analysis and
frequency analysis have been computed to describe the inventory and to
identify the presence of specific trends. Furthermore, Multiple
Correspondence Analysis (MCA) have been computed to identify those
features that tend to be jointly implemented within the innovative
mechanisms.

The Italian Forest Management Associations: Innovation and Challenges.
Submitted to iForest.

The paper represents an initial attempt to understand the role and to
characterize forest associations and cooperatives in Italy (specific
objective 2). Moreover, it explores the legal national and regional
frameworks and the availability of public funds for establishing forest
associations. A classification of the existing models has been carried out
according to the described regulatory system and to the outcome of the
analysis of the experiences implemented at the national level.

The role of the forestry sector in the National Recovery and Resilience
Plans: a comparative analysis. To be submitted to a peer-reviewed journal.
The Paper analysed the National Recovery and Resilience Plans (NRRPs) of
the EU member states. The analysis aimed to understand the role of
forestry sector within the plans and whether NRRPs were capable to boost
innovation within the forestry sector of the member states (specific
objective 3). Initially, the analysis of the text was implemented through the

use of keywords. Later, a Cluster Analysis has been computed to group and



characterise the member states according to presence or absence of

specific forest-related themes within their plans.
Finally, Chapter 5 reports the concluding remarks and recommendations.

Part Il comprises two papers (paper IV and paper V) written collectively with the colleagues
of the H2020 projects SINCERE (grant agreement ID: 773702) and InnoForESt (grant
agreement ID: 763899). These papers are more linked to the third specific objective. Even if
they have been not specifically designed to address the specific dissertation objectives, these

papers integrate and enlarge its outcomes.

Figure 1.2, developed through an open-source visual collaboration platform called Miro?,
describes the interlinkages amongst the main objective, the specific objectives and the
outcomes of the research. It also explains how the specific objectives have been addressed
by the different papers by using different arrows widths, representing the relevance of the

specific objectives within each paper.
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The contribution of the main authors of the papers are described in Table 1.1.

Table 1.1. Contributions of the main authors for the development of the dissertation’s papers

Main papers Collaborative papers
Responsibility/ task | Paper | Paper Il Paper Il Paper IV Paper V
Overall
. G.B. G.B. G.B., L.L. M.T., M.HM. C.M.

responsibility
Conception and G.B., P.G,, G.B.,,N.A,, M.T., M.HM,,

. G.B, L.L., D.P. C.M.,, C.G,, M.L.
design D.P. D.P. C.M., T.P.
Methodology G.B.,, PG, G.B., N.A, C.M, M.T,,

. G.B, L.L., D.P. M.T., M.HM.
design D.P. D.P. M.L, C.G.
Data collection G.B. G.B., N.A. G.B., L.L. all the authors M.T., M.L.
Data analysis G.B,, P.G. G.B., N.A. G.B., L.L. all the authors E.D., G.B,, C.G.
Results G.B.,, PG, G.B.,, N.A,
. . G.B., L.L,D.P. | M.T.,, M.HM. all the authors
interpretation D.P. D.P.
Manuscript writing | G.B. G.B., N.A. G.B., L.L. M.T., M.HM. all the authors
Revision P.G., D.P. D.P., P.G. D.P. all the authors all the authors

Giorgia Bottaro (G.B.), Davide Pettenella (D.P.), Paola Gatto (P.G.), Nicola Andrighetto (N.A.), Ludwig Liagre

(L.L.), Mario Torralba (M.T.), Mdnica Herndndez-Morcillo (M.HM.), Tobias Plieninger (T.P.), Marko Lovri¢ (M.L.),

Carsten Mann (C.M.), Carol Grofmann (C.G.), Ewelina Dobrowolska (E.D.)
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Abstract

Global changes are increasingly highlighting the need to conserve natural resources
maintaining adequate levels of forest ecosystem services (FES) provision. Several policies,
financial and market-based instruments have been designed and implemented worldwide in
the last decades to align FES demand and supply. This increasing complexity in the field of FES
provision calls now for systematisation of the existing experience, focusing on those
innovative mechanisms (IMs) able to encourage landowners in FES provision. This paper aims
to provide a European overview of innovative mechanisms able to sustain FES provision and
enhancement. A survey of 105 IM cases was compiled. A framework to systematise the IM
cases was created to gather information about their main features. These features have been
analysed through descriptive and multivariate descriptive statistics. The results of the analysis
provide a comprehensive characterisation of IM cases implemented at the European level,
showing the economic instruments most adopted, the FES most targeted, the main actors
involved, and the most applied innovation types. Finally, the Multiple Correspondence
Analysis (MCA) casts light on those features that tend to be found in combination within the
innovative mechanisms: social organisation to provide bundled FES, and public regulation for

the provisioning of public FES by private actors.

Keywords: market-based instrument; economic instrument; Multiple Correspondence

Analysis; innovation, payments for ecosystem services, PES

2.1 Introduction

Forests are terrestrial ecosystems with high natural values and capacity to provide a wealth
of forest ecosystem services (FES) (Costanza et al., 1997). Today, the evolution of societal
needs linked to growth in world population and global change is driving higher and wider

needs of FES. In parallel, however, global warming and land use change are increasingly
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threatening the capacity of forests to provide FES, amplifying the gap between demand and

supply (EEA 2015).

The provision of FES that are external to the market is mainly recognised to be governments’
responsibility (Daly and Farley, 2004). However, several public FES are offered by private
forests, implying that landowners have to be motivated and supported if public provision of

FES from private land has to be encouraged.

To this end, a range of economic instruments, have been designed and implemented. Such
instruments, encompassing a range of policy tools, can be distinguished in non-Market Based
Instruments (n-MBIs), Market-Based Instruments (MBIs) and Information and Education
Instruments (E&Is) (Prokofieva and Wunder, 2014). n-MBIs, also called Command and Control
instruments, do not have a direct link to the market; they include, for example, prescribed
activities or licences permits, monitoring and penalties. MBls, the most applied instruments
for environment and biodiversity conservation of FES nowadays (Pirard and Lapeyre, 2014),
refer to the suite of “instruments or regulations that encourage behaviour through market
signals rather than through explicit directives” (Stavins, 2002). Examples of MBIs are Payment
for Ecosystem Services, biodiversity offsets, taxes and subsidies, certifications. Information
and education instruments include education and training, technical assistance, and

consumers’ awareness raising.

All three types of instruments show a wide variety of specific mechanisms, each with different
features in terms of e.g., targeted ecosystems and FES, geographical and institutional scale,
governance structures, types of actors involved. Various authors, e.g., Stavins, 2002; Windle
et al., 2005; Schomers and Matzdorf, 2013; Wunder et al., 2018 have contributed to the
analysis and systematization of different mechanisms, but this wide complexity is yet to be
fully explored. Deeper investigation is needed on the mechanisms mostly used today for
stimulating the provision of FES, on their specific features, and on the possible interlinks

amongst such features (Froger et al., 2015 Ezzine-de-Blas et al., 2016).

Furthermore, with the evolution and broadening of environmental policy and practice, new
models have emerged, incorporating innovation in delivered FES, processes, business models,

stakeholders’ participation. In general, MBIs are already considered more innovative than n-
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MBIs (Boisvert et al., 2013; Ezzine-de-Blas et al., 2016), however there is not yet an agreement

on when an instrument can be considered “genuinely” innovative (Boisvert et al., 2013).

In this context, this paper aims to map cases of mechanisms for the provision of FES in place
in Europe, to analyse their features, especially the type of policy instrument used and the
forms of innovation introduced, and to study if any of the features that characterize the
mechanism are likely to be jointly implemented in the same mechanism. Through this, an
updated overview of mechanisms adopted in Europe to provide FES is presented, with a focus
on innovation. The geographical focus on Europe is connected to the recent EU policy
developments, i.e., the European Green Deal, the European Climate Law (EC 2020a), the New
EU Forest Strategy (EC2021), and the European Biodiversity Strategy (EC 2020b), all stressing
the need for further research on FES in the face of current environmental and climate
challenges. Furthermore, the information available on what is in place to stimulate the

provision of FES is scarcer in Europe than in other continents (Wunder et al., 2019).

A framework has been purposely conceived for systematizing the features of the mechanisms
and the related information gathered on the European cases. This framework addresses, for
the first time, issues of innovation in delivered services, processes, models and stakeholders’
involvement. Univariate and multivariate statistics have helped understanding which specific

features of cases are likely to be interlinked.

The structure of the paper is the following: section 2.2 discusses the conceptual framework
of the research. i.e., the concept of innovation in the context of provision of forest ecosystem
services and the framework for systematizing the information on the mechanisms; section
2.3 presents the methods used in the research. Section 2.4 reports the results in terms of
cases found, their features, their innovative aspects, the policy tools used, the interplay.
Section 2.5 discusses on what is new about mechanisms supporting FES provision and
enhancement in Europe and the type of innovation they incorporate. The conclusions are

drawn in section 2.6.
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2.2 Conceptual framework

2.2.1. Types of innovation in the provision of FES
The concept of innovation includes a variety of meanings and definitions according to the
discipline in which is considered, and it also evolves in time depending on the socio-cultural

and historical contexts where it has developed (Edwards-Schchter, 2018).

In economic and business theory, the concept of innovation was traditionally intended from
a technologically-oriented perspective. This is reflected in the 1934 classification by
Schumpeter (1934) who is considered one of the most influential theorists of innovation. Only
more recently, attention was given to non-technological elements such as social aspects,
software development, branding, improved product or process, innovation in services and

other investments than R&D (Martin, 2016).

In the forestry domain, the trends are similar to those of the economic disciplines, but with
younger records. The most studied innovation types are those of technological and
organizational innovation, with a focus on the firm and the role played by wood-related
products and value chains (Kubeczko et al., 2006). An overview on forest innovation research
from 1980 to nowadays shows that a more open and modern view on innovation gained
higher representation only in the last five years, with the rise of bio-economy related topics
(Van Lancker et al.,2016; Lovric et al., 2020). In this view, innovation is no more relegated only
within enterprises, but is open to the institutional system (Weiss et al., 2010). Non-
technological elements such as organisational (Kubeczko et al., 2006) institutional innovation
and market innovation (e.g., O'Driscoll et al., 2017) are introduced. The concepts of
“Innovation Systems” and “Open Innovation” (Weiss et al., 2020) enrich the perspective,
highlighting the pivotal role of actors and their interactions in developing and implementing
innovation (Rametsteiner and Weiss, 2006). Also important is the introduction of the concept
of social innovation, which is concerned with the reshaping of social and relational practices

(Polman et al., 2017).

An intrinsic feature of innovation, regardless of its type, is its radical or incremental nature.
The former indicates a development of innovation that introduces revolutionary

modifications (Henderson and Clark, 1990), while the latter refers to a type of innovation that
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introduces small marginal changes on existing products or services. However, this has to be
seen with relation to the context of implementation (Lazdinis et al., 2005): an innovation that
is new for an area can be a long-established practice in another area. The radicalness of
innovation hence varies according to the local, regional, national, international contexts in

which it is embedded (Kleinknecht, 1999).

Grounding on the findings of relevant studies on innovation types in different disciplinary
fields including forestry (Schumpeter, 1942; Kubeczko et al., 2006; Sawhney et al., 2006;
Weiss et al.,2010; O’Driscoll et al., 2017; Polman et al.,2017; Edwards-Schachter, 2018; Lovric
et al., 2020) summarised in Table S2.1 in the Supplementary Material, a conceptual
framework for analysing innovation in the field of FES provision has been developed. Through
a process of transposition and linking of the main innovation types from literature, two main

categories of innovation types have been identified (Figure 2.1):

1. when a new FES is being provided — either a provisioning, regulating, cultural, FES or
a new bundle of different FES. This is the transposition of “product”, “service” and
“outcome” innovation types;

2. when new ways of providing the FES are implemented. This is the transposition of
several innovation types:

e Process Innovation, when a renovation in the process of delivery the FES occurs,
like new ways to capture value, e.g. the recognition of the spiritual value of a forest
creating a system able to provide an economic revenue from it by establishing a
funeral forest, and new practices of forest management focused on FES provision.

e Technological Innovation, when a new technology for providing the FES is adopted,
e.g. the development of a online platform that raises funds to support
reforestation and afforestation actions in European and extra-European countries.

e Business Model Innovation, when new elements of the FES-provision business
model are implemented, such as a new internal organisation of the company, a
new communication strategy, a new target of FES consumers or producers, new
actors from the demand or the supply side are involved.

e Institutional Innovation, when new policy and governance models of FES provision

are implemented: for example, scaling up of an existing PES initiative widened at
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a landscape scale, including ecosystems beyond forests, or even transboundary
initiatives among different countries; or new networks and formal/informal
relationships amongst different stakeholders; or adoption of a new policy
mechanism or a new combination of existing policy mechanisms.

e Social Innovation, when a “new social practice” is introduced. New social practices
include, among the others, the participation of local communities and the
establishment of grass-roots initiative to valorise forests and the goods and

services they provide.

Innovation types in FES

Innovation types from literature
Main category Innovation types

Different classes of FES

Provisioning FES

Product + Service + Outcome A new FES is > Regulating FES
Innovation provided Cultural FES

Bundled (more than one type of FES)

Process innovation

Processes + Value Capture + Ways o capture value in FES

Resource use Innovation —

Practices of forest management

Technological innovation
Technological Innovation
— Technology for providing FES
Business Model Innovation
Internal organization for providing FES
Business m.od el Mark-et and A new way of Communication strategy for providing FES
marketing Innovation iding th
providing the Target for FES consumers
FES is put into 8
practice FES providers

Institutional Innovation
Landscape approach for providing FES
Institutional Innovation Transboundary initiatives for providing FES

FES-providing networks

Policy instrument, mechanism or policy mix for FES provision

Social innovation
Social innovation

— Social practice for providing FES

Figure 2.1. Innovation types for FES provision and enhancement
Following this conceptualisation of innovation in FES, a mechanism is considered innovative
—and hence defined an ‘innovative mechanism (IM)’ for the purpose of this paper — when it
includes at least one of the innovation types in FES, either radical or incremental, reported in

Figure 2.1.

2.2.2. Framework for systematizing the IMs features
The IM cases and the related information were systematized in a framework developed on

the basis of work by Sattler et al. (2013) and Leonardi (2015). However, while these authors
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focused mainly on PES schemes, this framework is conceived for a larger spectrum of

mechanisms and, besides, it includes the information on innovation.

Five groups of descriptive variables representing the features of IMs are recognised: 1)

Identification; 2) Spatial and Temporal Scales; 3) Targeted Ecosystem and Ecosystem Services;

4) IM governance; 5) Innovation (Table 2.1):

1.

2.

Identification: it includes information to identify the IM, such as the country in which
it is located and the type of administrators, i.e., the type of actors in charge of the
management and supervision.

Spatial and Temporal Scales: the spatial scale at which the IM is implemented is
categorised by a qualitative attribute spanning from local to international. The time
scale has been defined according to age of IM (year of establishment) and IM duration:
short (< 5 years), medium (5 to 10 years), or long (> 10 years). The status of IM is also
considered, i.e., whether the IM is active or abandoned, and whether it is a pilot
project, or in a design phase. The spatial and temporal scales are extremely relevant
in dealing with ecological phenomena and environmental management (Gibson et al.,
2000), hence the provision of FES can vary according to such scales (Geijzendorffer
and Roche 2014), and so the mechanism effectiveness and efficiency (Raudsepp-
Hearne and Peterson, 2016; Lu et al., 2020; Havinga, 2020).

Targeted Ecosystem and Ecosystem Services: this group gathers core information of
the IMs, describing their ecological context. A variable aims to define whether also
other ecosystems besides forests are targeted by the IM. Then, variables describing
the forest subsystems and the bioclimatic regions where the IM is implemented are
included. The next variable, type of setting, refers to the context where the IM is
located i.e., natural park, peri-urban, urban, or rural areas. The targeted FES variable
focuses on whether the IM case is addressed to just one FES, or to a principal and a
secondary FES, or to a bundle of FES. FES characterisation (FES Section and specific
FES) is based on a elaboration implemented for the study purposed, simplifying the
CICES V5.1 classification of groups and classes of biotic FES (Haines-Young and
Potschin, 2018) (see Supplementary Material Table S2.2).

IM governance: first, a short narrative description of the mechanism is included,
describing the IM rationale and mode of functioning; then other variables classify the
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typology of FES providers and users in terms of type of forest ownership, the type of

final beneficiaries and the presence of intermediaries; these variables are especially

relevant when describing and analysing specific types of mechanisms, like e.g. PES.

5. Innovation: the variable describing innovation connected to the IM cases refers to the

innovation types of Figure 2.1.

Table 2.1. Framework variables and description

Group Variable Variable description
Country Name of the country
Identification Administrator Private, public, semi-public, NGOs, other

Economic instrument

Types of instrument as reported in Table 2.2

Spatial and Temporal
Scales

Mechanism Scale

Local scale, municipality level, provincial scale,
regional scale, interregional scale, national scale,
international scale

Year of establishment

date (year)

Mechanism duration

Long term (>10 years),
medium term (5 to 10 years),
short term (< 5 years)

Mechanism Status

Active, design phase, pilot, unknow

Targeted Ecosystem
and Ecosystem Services

Other Ecosystems
Involved

Agricultural land, meadow,
wetland, other

Type of forest subsystem

Agro-forest, natural forest,
planted forest, other

Type of bioclimatic region

Alpine, boreal, Mediterranean, temperate
continental, temperate oceanic

Type of setting

Natural-park, peri-urban, rural, urban

Target FES Target, Bundled, or Target + Bundle
FES Section Provisioning, Regulating, Cultural ES
Specific FES See Table S2.2

IM governance

IM description

Narrative description

FES providers

Collectively owned forests, local forest communities,
private forest owners/managers, public forest
owners, public private partnership, other

FES users

Collectively owned forests, local forest communities,
private forest owners/managers, public forest
owners, public private partnership, other

Final beneficiaries

Civil society, local communities, households, forest
owners, firms, other

Intermediaries

Presence or absence

Innovation

Innovation types in FES

Types of innovation as reported in Figure 2.1
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2.3 Materials and Methods

2.3.1. Data collection process
To fulfil the aims of the paper, a survey of IM cases in Europe was undertaken. Data collection
(from March 2018 to June 2020) and systematization was accomplished in four steps:

1. Survey of publicly-available information. The cases were initially identified by
consulting publicly available information, such as peer-reviewed and grey literature,
existing databases, and more widely in the web. The principal keywords used in the
literature research were: “forest*” OR “ecosystem services” OR the names of
individual ecosystem services such as “non wood forest product*”, “natural hazard*”,
“water*”, “biodiversity”, “pest*”, “education*”, “tourism*”, “recreation*”, “health*”,
“spiritual”, or “cultur*” AND “market-based instrument*” OR “non-market-based
instrument*” AND the names of the different European countries, OR the word
“innovati*”, and a combination of these terms. The review was conducting using only
keywords in English. The databases consulted were: Ecosystem Market Place,
Ecosystems Services Partnership, The Economics of Ecosystem and Biodiversity,
United Nation Economic Commission for Europe, Ecosystems Knowledge Network,
Species Banking, Forest Carbon Portal, Domestic Carbon Initiative in Europe, Verified
Carbon Standard Project Database, Alpine Convention, Oppla, and ECOSTAR. A further
consultation was implemented in the web using different combinations of the
keywords described before. In this case Italian, English, and Spanish have been used
as languages. The cases have then been selected based on the following criteria: they
had to be connected to forests or trees, be implemented in Europe, and be innovative
according to our definition.

2. Expert consultation. Once a provisional list was compiled, cases were sent to experts,
researchers and practitioners from the SINCERE network (Table $2.3) to be validated.
Each defined expert was assigned the cases in his/her own country (and cases of other
countries which he/she knew well) and was asked to check whether such cases were
in line with the research aim, mainly in term of their innovativeness related to the
context where the case were developed. The cases that did not pass this second step
were discharged. Experts were also asked, if the case, to add new relevant cases they

were aware of, that were not captured by step 1.
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3. Structuring of data in the framework: for each validated case, the information
required by the framework of Table 2.1 was compiled by the experts and integrated
by the authors of this paper, when the present information was not sufficient to meet
the research needs. In this step the additional information fund in the web has
incorporated.

4. Attribution of the policy tool: finally, based on the description of the IMs emerged from
the survey and reported in the framework, the policy tool applied by each IM was
recognized and attributed to one of the three types of policy tool as either an n-MBI,

a MBI or a E&I as reported in Table 2.2.

2.3.2. Statistical analysis

Descriptive statistics and frequency analysis have been implemented to characterise the set
of existing IM cases. The non-linear nominal variables of the framework features have been
transformed into dichotomic and categorical variables, except the “year of establishment”

that is numerical (Table S2.4).

Table 2.2. Types of economic instrument
Instrument Type

Prescribed or prohibited activities
Licences/permits

. . . n-MBIs
Public ownership and land acquisition

FES provision through direct public management

Mitigation banking

Offset schemes
Cap-and-trade schemes
Subsidies and grants

Tax exemption and rebates
Soft loans

Competitive tenders/auctions
Land acquisition by private bodies MBls
Public-private management contracts

PES and PES-like schemes

Public Procurement Schemes

Corporate Social Responsibility

Definition of standards, certifications, eco-labelling

Other initiatives like branding, promotion, sponsoring

Technical assistance
Education and training E&ls

Consumers’ awareness raising
Modified from Windle et al. 2005, Stavins 2001, Prokofieva and Wunder, 2014
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To determine the presence of patterns among the categorical variables, Multiple
Correspondence Analysis (MCA) has been computed. MCA allows to analyse high dimension
contingence tables where qualitative variables are presented. Each level of the nominal
variables is coded as binary (0= absence, 1=presence). MCA can be also applied to quantitative
variables after their recoding in different levels (Abdi and Valentin, 2007). The method is
based on indicator matrix, where the rows represent the IM cases, and the columns represent
dummy levels of the variables. Computing MCA variables are gathered in different dimensions
able to explain data variation. Dimensions extraction is based on the eigenvalues, or inertia,
and on the related percentage of inertia, i.e. the explained variance, of the relevant
combinations of active variables (Husson and Josse, 2014). The statistical model distinguishes
between active variables, used to compute the dimensions, and supplementary variables,
that are excluded from dimensions identification but support their final interpretation. MCA
aimed to explore the correspondence among the economic instrument used in the IM cases,
the type of targeted FES, and the innovation types introduced. Hence, the “type of policy
tool”, the “FES section”, and the “innovation type” have been chosen as active variables. In
order to implement the analysis, the data of the active variables had to be aggregated to
reduce data dispersion. Concerning the type of policy tool, the main category was considered,
i.e., n-MBI, MBI and E&Is, and a further category deemed relevant after analysing the cases
(cfr § 4.5). For the innovation type variable, its main dimensions were considered as shown in

Figure 2.1.

The remaining variables were considered as supplementary variables. To reduce biases in the
MCA implementation, the variable levels not enough represented (less than 10%) were
excluded. MS Excel has been used to implement descriptive statistics and frequency analysis,
while MCA was computed using the statistical software R (4.1.0) and R packages FactoMineR
(Le et al. 2008), and factoextra (Kassambara and Mundt, 2020).

2.4 Results: existing IMs for FES provision in Europe and their features

2.4.1 Overview
The survey of IMs in Europe resulted in the identification of 105 cases in several European
countries (https://sincereforests.eu/innovation/innovation-inventory-map/).

Geographically, the cases are not evenly distributed across Europe, with Italy, Switzerland,
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Germany, and Spain accounting for 57% of the total. Other countries represented by cases
are Albania, Austria, Belgium, Bulgaria, Denmark, Estonia, Finland, France, Croatia, Ireland,

Moldova, Norway, Portugal, Romania, Sweden, Slovenia, and United Kingdom.

In order to provide some examples of the cases present in the analysed survey, hereafter a
brief description of a selection of IMs is presented according to the type of FES take into
account. Considering provisioning FES, an example, located in Italy, refers to the selling of
mushroom picking, by the local community, through the network of ATMs (Automated Teller
Machines) of local banks. Another case targeting a different FES, in Germany, consists in the
implementation of awareness campaigns to increase the value of the red-core beech timber.
When regulating FES are considered, an example of IM, located in Denmark, sees the
establishment of a payment scheme, to convert agricultural lands to broadleaved woodland,
to preserve drinking groundwater quality. A further example, from Spain, consist in the
establishment of an association of forest owners, volunteers, and local administration to fight
forest fire, organising, among the others, prevention programmes and educational activities.
Concerning the support of cultural FES, an example is the case of the establishment of forest
paths, in an ltalian forest, to support people health, mindfulness, and wellbeing. Another
example is located in Romania and consists in the creation of a heritage trail connecting
different protected areas to improve the touristic value of the region. Finally, some of the IMs
aimed to target a bundle of FES. This is, for instance, the case of a initiative in Belgium that
bring together a group of experts, supported by the central government, aimed to developed
a vision for the forestry sector able to valorise forests multifunctionality. The designed vision
has been already translated into concrete policies. The cases just described are not
representative for all the cases present in the survey, but were introduced to give to the

reader the possibility to understand its nature.

Following the analysis of the survey, the cases reveal a predominance of private (40%) and
public administrators (35%), with a lower representation of mixed types (semi-public, 12%)
and NGOs (7%), while the remaining 6% is represented by other categories, such as ethical
purchasing groups, community forests, forest corporations, forum of experts. From these
outcomes is already evident the important role played by the private sector and the public

institution in managing and supervising the implementation of these kinds of initiatives.

24



2.4.2. Features of IMs: scale and Ecosystem Services
The analysis of spatial and temporal scales of cases (Table 2.3), shows that the majority of IMs
were implemented at local scale, followed by national and then by regional scales; in addition,

the majority of cases has a long-term time horizon of duration, more than 10 years.

Table 2.3. Spatial and temporal scale of the IMs cases

Spatial Scale Temporal scale

local scal 38%

oca' Scae L long term (>10 years) [88%

national scale 25%

regional scale 23% medium term 5.

municipality scale 5% (5 to 10 years) °
incial scal 5%

Provma'a Seae / short term (<5 years) [5%

international scale 4%

interregional scale 1% NA 1%

Considering the targeted ecosystems (Table 2.4), in roughly half of the cases, forest is the only
ecosystem involved, while, in the other half also other types of ecosystems — such as
agricultural land, meadows, and wetlands — are involved. As regards the forest subsystem and
setting, natural forests and rural areas prevail. The distribution of the cases by bioclimatic
region places 46% of cases in the temperate oceanic region, 31% in the Mediterranean region,
and 12% in the temperate continental region. Only 6% of cases are located in alpine areas and

5% in the boreal region.

Table 2.4. Targeted ecosystems

Other Ecosystems Involved

forest 49%| |Type of forest subsystem Type of setting

agricultural land 19%| |natural forest 61% rural 63%
meadow 17%| |planted forest 28% peri-urban 17%
wetland 13%| |agro-forest 8% natural-park 14%
other 3%| |other 2% urban 6%

Regarding the target FES, the IM targets a single FES in 40% of cases, a bundle of them in 33%
and one main FES and one secondary FES in the remaining 27%. The distribution amongst FES
categories reveals that regulating FES are the most represented (42%) followed by cultural

FES (35%), and by provisioning FES (23%).

The total provisioning FES targeted by the cases (Figure 2.2a) are equal to 57. Among them,
the more targeted FES is timber production (21 times), followed by non-wood forest products

(13 times), water provision (10 times), and bioenergy production (7 times). Considering the
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total regulating FES (Figure 2.2b) they are equal to 137. Among them, distribution is more
balanced, the most targeted being lifecycle maintenance, habitat, and gene pool protection
(46 times), followed by climate, water quality, natural hazard regulation (respectively 29, 25,
18 times), and soil quality improvement (14 times). Finally, considering cultural FES (Figure
2.2c), that have been targeted for 100 times, the majority focuses on recreation (28 times),
followed by education (20 times), aesthetics and heritage (19 times), and tourism (17 times).

Spiritual, and human health -related FES have been targeted at a smaller rate.

Provisioning FES

timber production I 37%

non-wood forest products I 23 %
water provision IIEEEEEEEEEEEEEENEEEEEEE—  13%
bioenergy production NI 12%
genetic resources NN 4%
livestock production m— 4%
. 2%

. 2%

fiber production
food production

0% 5% 10% 15%

(a)

Regulating FES

20% 25% 30% 35% 40%

lifecycle maintenance, habitat and gene pool protection I  34%

climate regulation HEEEEEEEEEEEEEEEEEE——— 21%
water quality regulation NI 13%
natural hazard regulation IS 13%

soil quality improvement I 10%

pollination M 2%
pest control M 1%
0% 5% 10% 15% 20% 25% 30% 35% 40%
(b)
Cultural FES
recreation I 28%

educational NN 20%

aesthetic/heritage (landscape character, cultural landscapes)
tourism
spiritual

human health

I 19%
I 17%
I 3%

I 3%

0%

(c)

5% 10% 15% 20% 25%

30%

Figure 2.2. Distribution of targeted provisioning FES (a), regulating FES (b), and cultural FES (c) by the IM cases
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2.4.3. Governance

Data on FES providers, users, final beneficiaries and intermediaries are reported in Table 2.5.
Private forest owners and managers are the stakeholders’ categories that mostly participate
as FES providers, followed by public forest owners. Concerning users, the predominant

category is society at large, and similarly occurs for the final beneficiaries. Finally, only in the

36% of the cases at least one intermediary is present.

Table 2.5. Stakeholders’ characterisation within the IMs cases

Providers Users

private forest owners/managers 36%| |civil society (end-users, tourists, visitors, ...) 36%
public forest owners 23%| |private companies 17%
public private partnership 20%| |other 12%
other 12%| [public private parnership 10%
collectively owned forests 5%| |government 9%
local forest communities 4%||regional government 6%
Final beneficiaries public utility company 6%
civil society 48%) |funds 3%
local communities 21%||NGOs 2%
forest OWNners 19% municipalities 1%
other 7%

householdes 3%)| |Intermediaries/ facilitators

firms 2%| |presence of an intermediary 36%

2.4.4. Innovation

The types of innovation introduced by the IM cases is reported in Table 2.6. It is evident how
the introduction of new ways of providing FES prevails over the provision of new FES. Within
the first group of cases introducing new ways of providing FES, the innovation categories are
represented as following: Business Model innovation (29%), process innovation (27%),
institutional innovation (22%), social innovation (5%), and technological innovation (3%). The
innovation types that have been represented by a higher frequency are the introduction of a
new way to capture the value of the targeted FES, the adoption of a new or more sustainable

forest management, and the establishment of a new network.
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Table 2.6. Innovation types introduced by the IMs

Innovation Type Number of cases | % Frequency
A new FES provided 52 14%
Different classes of FES 52 14%
Provisioning FES 1 0%
Regulating FES 1 0%
Cultural FES 12 3%
Bundled (more than one type of FES) 38 10%
A new way of providing the FES is put into practice 330 86%
Process innovation 103 27%
Ways to capture value in FES 54 14%
Practices of forest management 49 13%
Technological innovation 13 3%
Technology for providing FES 13 3%
Business Model innovation 109 29%
Internal organization for providing FES 26 7%
Communication strategy for providing FES 14 4%
Targeted for FES consumers 39 10%
FES providers 30 8%
Institutional innovation 85 22%
Landscape approach for providing FES 21 5%
Transboundary initiatives for providing FES 3 1%
FES providing networks 46 12%
Policy instrument, mechanism or policy mix for FES provision 15 4%
Social Innovation 20 5%
Social practice for providing FES 20 5%
382 100%

2.4.5. Economic instruments used by the IMs

Table 2.7 presents the results of the attribution of policy tools used by the IMs to induce the
provision of FES: 74% of the economic instruments are MBIs, 21% are Information and
Education, while only 5% are n-MBIs. The MBIs adopted with a higher frequency are PES and

PES-like schemes.

We found that only in half of the cases one sole instrument was adopted, while in 36% of
cases two instruments were used and in 14% of cases more than two instruments were
applied simultaneously. This explains why the total number of policy tools found are 156
(Table 2.7). For example, in a French case, a offset scheme, a biodiversity standard, and
educational instruments have been jointly implement. The use of different instruments, from
one hand allowed to involve and support private enterprises that will to compensate their
impacts on biodiversity On the other hand, it increases local awareness about the importance
of biodiversity conservation project. This made the project more sustainable in time and
increase its acceptance within the community to which was addressed. The adoption of a mix

of instruments is already an innovation, capable to bring successful environmental policy-
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making cases (Flanagan et al.,, 2011). Indeed, the interaction of different policies or
instruments allows to expand the target of the more traditional policies, for instance, to
others and more indirect actors, to others policy fields, or to different implementation scales
and times. This contributes to increase the effectiveness of the policies allowing to achieve

specific goals or outcomes, otherwise impossible to address.

Considering the 171 types of instruments adopted by the cases, the identification of the
economic instruments, according to Table 2.2, was however possible only for 156 cases. For
the remaining 15 instrument types, the type of policy tool could not be pigeonholed to any of
those listed in Table 2.2. A deeper exam of these 15 instrument types brought us to conclude
that the mechanism through which the IMs in which they are present, promoted the provision
of FES was the development of new social organisations through new networks among a wide
number of stakeholders, mainly belonging to civil society and local communities. In different
cases of the survey under analysis, the establishment of a community cooperative, an
association, a coalition, or a partnership among different actors belonging to different
categories, has been the most important aspect. Indeed, the establishment of a kind of social
organisation led to the possibility of implementing specific actions addressed to sustain the
provision or enhancement of FES. This is the case of different local partnerships developed in
United Kingdom, able to promote local natural capital, to support sustainable management,
to raise local awareness about local natural environment, and to reach other objectives that

allowed to include nature in the local decision making processes.

29



Table 2.7. Type of economic instrument used by the IMs

Instrument type Number of cases | % Frequency
n-MBIs 8 5
Prescribed or prohibited activities 5 3
Licences/permits 3 2
MBIs 116 74
Mitigation banking 1 1
Offset schemes 17 11
Cap-and-trade schemes 3 2
Subsidies and grants 6 4
Tax exemption and rebates 2 1
Competitive tenders/auctions 3 2
Land acquisition by private bodies 2 1
Public-private management contracts 19 12
PES and PES-like schemes 34 22
Public Procurement Schemes 4 3
Corporate Social Responsibility 10 6
Definition of standards, certifications, eco-labelling 10 6
Other, e.g. branding, promotion, sponsoring 5 3
E&ls 32 21
Technical assistance 9 6
Education and training 14 9
Consumers’ awareness raising 9 6
156 100%

Establishment of social organizations 15 9%

2.4.6. Interplay amongst IMs features

The tables below report the description of the dimensions emerged from MCA. The maximum
number of dimensions considered was calculated according to the eigenvalues. Only the
dimension with a variance higher than 1/J (where J is the number of the active variables, in
our case equal to 13), are considered (Husson and Josse, 2014). In our case, this occurs for six
calculated dimensions (Figure S2.1). Moreover, higher total variance among the variables of
a dimension is indicated by higher eigenvalue. Consequently, low eigenvalues imply a greater
heterogeneity of the variable within a dimension. For this reason, only the first two
dimensions with higher eigenvalues were considered, representing the 29.8% of the total

variance (Table S2.5).

The following tables summarise the outcome of the first two dimensions (Table 2.8-2.9). The
two dimensions identify two groups of variables that can describe bundled features of IM
cases. Only the significant variables and levels are shown. Variables and levels have been

ranked according to their contribution to the dimension: positive coordinates (coord.)
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entailed positive contribution, while negative coordinates entailed negative contribution. The
value of R2 indicates the correlation between the category of the variable and the dimension.

P-value has been calculated for a<0.05.

Table 2.8. MCA result: description of the first dimension

Dim.1 Coord. R? p-value
Econ.Inst_Social_Y 1,82 0,45 1,30E-19
Social.Innov_Y 1,52 0,39 4,03E-19
Econ.Inst._MarketBasedInstr_N 1,55 0,39 6,62E-17
n Econ.Inst._Info.Edu_Y 0,81 0,22 4,69E-06
g Istit.Innov_Y 0,38 0,20 4,04E-07
E FES.Innov_Y 0,34 0,14 8,21E-04
i Econ.Inst._Info.Edu_N -0,23 -0,22 4,69E-06
% FES.Innov_N -0,31 -0,14 8,21E-04
< Econ.Inst_Social_N -0,30 -0,45 1,30E-19
Econ.Inst._MarketBasedInstr_Y -0,32 -0,39 6,62E-17
Social.Innov_N -0,36 -0,39 4,03E-19
Istit.Innov_N -0,58 -0,20 4,04E-07
E Bundled.FES 0,69 0,27 1,58E-07
=
&
S Belgium 1,40 0,53 8,76E-05
=
§ Targeted.FES -0,53 -0,24 3,89E-06

Table 2.9. MCA result: description of the second dimension

Dim.2 Coord. R? p-value
Cultural.FES_N 0,89 0,27 | 1,05€-21
BusinessModel.Innov_N 0,80 0,18 3,93E-06
RegulatingFES_Y 0,39 0,21 5,50E-10
9 Econ.Inst._CommandControl_Y 1,13 0,21 7,67E-04
@ ProvisioningFES_Y 0,51 0,14 3,89E-05
g FES.Innov_N 0,37 0,14 4,53E-05
s Econ.Inst._CommandControl_N -0,09 -0,21 7,67E-04
‘2 BusinessModel.Innov_Y -0,24 -0,18 3,93E-06
ProvisioningFES_N -0,30 -0,14 3,89E-05
FES.Innov_Y -0,41 -0,14 4,53E-05
RegulatingFES_N -0,81 -0,21 5,50E-10
Cultural.FES_Y -0,67 -0,27 1,05E-21
g Provider.private_Y 0,38 0,12 2,41E-04
=
% Buyer.CivilSociety -0,45 -0,20 5,40E-04
a
2 Provider.private_N -0,32 -0,12 2,41E-04
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The first dimension (Table 2.8) gathers IMs that have established new social organisation to
provide bundle of FES, with a focus on introducing new FES, generally, cultural FES. This first
dimension is also related to the adoption of information and educational instruments and the
occurrence of institutional innovation (represented mainly by new network). A negative

correlation is found with MBI and the target of a single FES.

The second dimension (Table 2.9) places emphasis on the use of n-MBI instruments for the
provision of regulating and provisioning FES by private owners. A negative correlation is

connected to innovating business model of the IM and to cultural FES.

2.5 Discussion: IMs in Europe — what’s new?

Our results allow to draw insights on innovation designed and implemented in Europe to
support and enhance FES. The survey we compiled consist of 105 IMs supporting the provision
and enhancement of different FES through the implementation of a large variety of economic

instruments and introducing different innovation types.

The most used economic instruments applied by the IMs are MBIs, while n-MBIs and E&lIs are
less represented. This is in line with the findings by Pirard and Lapeyre (2014). This suggests
how IMs tend to favour FES valorisation through voluntary, market-oriented approaches.
Most IM cases have been implemented at local level and with a long-term period (more than
10 years), resulting in a better target of the needs of local communities, ensuring FES
provision for a longer time-span. Given the consolidated normative approach towards
ecosystem conservations and valorisation at European level, this might confirm Wunder et al.
(2019)’s claim that innovation arises outside regulating systems, being better fit to specific

local needs.

The 15 IMs that could be classified through the already existing categories broadens the
spectrum of the strategies used to support FES provision and highlights the role of a fertile
social milieu where new networks involving different stakeholders, mainly the local
communities and the civil society, can develop. Considering that the forest sector is
chronically affected by property fragmentation (EEA, 2016), the emphasis on the creation of
new associative models and networks is even more relevant (Mendes et al., 2011). In general,

these findings are in line with the emergent research on social innovation (e.g., Ludvig et al.,
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2020; Ludvig et al., 2019; Nijnik et al., 2019; Kluvankova et al., 2018) investigating the

emerging of new social practices.

Beyond the specific economic instruments used, we detected also that half of the IMs rely on
a mix of instruments to support FES provision and enhancement. This might be functional to
the need of better targeting the FES, or rather a bundle of them. The heterogeneity within
the IM cases can be also observed considering other elements such as the targeted
ecosystems, the type of forest sub-systems, the settings in which IM cases were applied, or

the mix of FES targeted by the IM cases.

Through our conceptual framework on innovation, we could gather information about the
type innovation adopted by the IMs in Europe. We found that process innovation is the most
adopted type, meaning that, the main innovativeness of the IM cases lies on a renovate
capacity to valorise FES through new ways to capture value and on a novel management able
to support their provision through the implementation of new management practices. The
third most introduced innovation type was the establishment of new networks, highlighting

the importance of a more comprehensive number of stakeholders.

Through the MCA, we could identify which features tend to be jointly implemented within
the IMs; we identifies two main dimensions, grouping some IM features, describing 29.8% of
the total variance of our IMs. The first dimension highlights the tight relation between the
occurrence of social innovation and the creation of social organisation for the provision and
enhancement of bundled FES. Unexpectedly, a negative correlation was found with the
presence of MBIs and of a single FES. Differently from what observed in literature (e.g. Nijnik
et al. 2019), this indicates that MBIs might not be the most suitable instruments to prompt
social innovation and establishment of new societal organisation, as information and
education appear to be instead. This very preliminary result, that needs to be supported
through deeper analysis and more data, highlights the positive role of social innovation when
a bundle of FES is at stake. MBIs, instead, seem to be more frequently associated with the
provision individual FES (Kemkes et al. 2010). The second MCA dimension underlines the role
of n-MBIs. Despite being the least present in the IMs analysed, when implemented, n-MBls
are related with provisioning and regulating FES. Non-wood forest products and water

provision account for 41% of provisioning FES (Figure 2.2a). Together with regulating FES,
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these two provisioning FES are, generally those characterised by more difficult excludability
(Brown et al. 2007; Musgrave and Musgrave, 1973). To this end, our results seem to indicate

the still important role of regulating instruments in the provision of public or common FES.

It is important to underline that, within both dimensions, do not appear the most frequent
economic instrument (i.e. market-based instrument), or the innovation types most
introduced by the IM cases (i.e. new way to capture value and implementation of a new or
more sustainable management). This is not because they are not relevant in describing the
IM cases, but because they are associated to a high number of IMs and consequently, they do

not result significant in the dimensions’ establishment.

2.6 Conclusions

This paper casts light on a variety of concepts related to innovation in the forest sector and,
more specifically, in the provision and enhancement of forest ecosystem services.

A first categorisation of innovation and a framework than can support the systematisation of
the information of the upcoming experiences dealing with FES have been developed and
tested. These two instruments can support further analysis in a context that, by definition, is
in a continuous evolution.

Descriptive analysis provide an overview of the IM cases implemented at the European
context. Market-based instruments result to be the most applied economic instruments
involving an heterogeneity of targeted FES, actors and ecosystems. These underline and
strength an important features of these instruments, their flexibility, and their consequent
high potential in supporting decision-makers to prompt forest management for FES provision.
Despite this consideration, our research reveals that the more traditional instruments, such
as command and control, still support those forest ecosystem services characterised by
difficult excludability. This indication is useful to understand which kind of instrument could
be used to target a specific FES according to the context and the possibility to regulate societal
accessibility to it.

Finally, this paper support the findings present in literature about social innovation. This
innovation type is serving as base to develop new social organisation that our research found
to be an innovative instrument that complement market-based, command and control, and

information and educational instruments. Social innovation and the construction of new
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social organisation result to be valuable to provide a bundle of forest ecosystem services, in
contrast with MBIs, that are still more associated to the targeting of single FES. This founding
can support civil society, but also local administrators to implement actions able to sustain
bundled FES and thus to valorise a plethora of different good and services provided by forests,
supporting local communities in rural areas.

The limitations of the paper mainly regard data collection. The intrinsic characterisation of
the case studies, i.e. to be innovative, lead to the necessity to not rely only on scientific
literature, but also on different data sources such as databases and web. Moreover, data
collection would require a continuous update to be able to gather the newest cases. Another
limitation regards the countries covered by the consulted experts. Indeed, the experts that
have been consulted referred to the consortium of the H2020 project SINCERE. Connected to
this, also the languages used during data collection does not allow to gather homogeneous

information among the different countries.

Supplementary Materials: Table S2.1: Comparison among classifications of innovation types; Table
S2.2: Forest Ecosystem Services used in the framework and link with CICES (V5.1) classification; Table
S2.3: Country and institution of the experts consulted for IM cases validation; Table S2.4: Coding of
framework variables for the statistical analysis purpose; Table S2.5: Eigenvalues and % variance of
MCA dimensions; Figure S2.1: Plot representing the percentage of variance in % explained by each

dimension.
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Supplementary Material

Table S2.1. Comparison among classifications of innovation types

Sawhney, et O’Driscoll et al. Polman et al LTI Lovric et al SUITE)
Schumpeter, 1942 Kubeczko et al., 2006 Ys Weiss, et al., 2010 "~ v Schachter, v Innovation
al., 2006 2017 2017 2020 SO
2018 Classification
Product innovation .
Offering Product Product
(wood, non-wood, Product (good) New product... . . Goods... X
New Product or a . . (products) innovation Innovation
L leasing, recreation,...)
qualitative change " "
. . . - Service . Service
inan Service Innovation Product (service) . ..and Services .
L Innovation Innovation
existing product
. Outcome
Solutions ..and outcome .
Innovation
Process innovation -
technological Technological Technological
(infrastructure, innovation Innovation
NG machinery, ...)
Process/methods -
Process
for sale or . Process . Processes
. Process (production & New processes . Production .
production i Innovation Innovation
delivery method)
New approaches Value capture
Value capture p? p
to creating value Innovation
. . Organization
Process innovation - & R
L (business
organisational .
. practices/model, New .
(internal o o Business model Workplace
. Organization workplace organizational . . R .
reorganizational, o innovation organization Business model
. organization, structure... N
outsourcing, Innovation
co-operation, ... External
Industrial operation, ... relation)
organization Business
Platform .
Practice
Institutional Institutional
. Organizations, External Innovation
Networking (I_ g& Polici ..and networks ati
aw & Policies, relations Networking
Procedures) Innovation
Marketin
& Product
Presence (product
placement
placement)
Marketing (and
g Product
product X
. promotion
promotion)
. Market and
Opening of a new New markets: . .
Delivery marketing
market Customers demand and .
method Innovation
needs
Marketin .
Customers (desi n/g Design/
experience g. packaging
packaging)
Marketing (and -
Brand L 8 ( Pricing
pricing)
. New approaches Resource use
New Inputs Supply chain pp R
to resource use Innovation
Social Social Social
Innovation innovation Innovation

Own elaboration from Schumpeter, 1942; Kubeczko et al., 2006; Sawhney et al., 2006; Weiss et
al.,2010; O’Driscoll et al., 2017; Edwards-Schachter, 2018; Lovric et al., 2020; Polman et al., 2017.
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Table S2.2. Forest Ecosystem Services used in the framework and link with CICES (V5.1) classification

landscapes)

Section Specific FES CICES references
. 1.1.1+1.15+
food production 116
livestock production 1.1.3
fiber production 1.1.1+1.15
Provisioning | bioenergy production 1.1.1+1.15
genetic resources 1.2
water provision 4.2
timber production 1.1.1+1.1.5
non-wood forest products 1.1.5
climate regulation 2.2.6
pest control 2.2.3
natural hazard regulation 2.2.1
Regulating w:?ter qlfali"cy regulation 2.2.5
soil quality improvement 2.2.4
pollination 2.2.2
lifecycle maintenance, habitat and gene pool 53
protection ’
educational 3.1.2.1+3.1.2.2
recreation 3.1.1
tourism 3.1.1
Cultural human health 3.1.1
spiritual 3.2.1+3.2.2
aesthetic/heritage (landscape character, cultural 3123+3.124
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Table S2.3: Country and institution of the experts consulted for IM cases validation

Institution Acronym Country
Business Council for Sustainable Development BCSD Portugal
Center for International Forestry Research CIFOR Peru
Centre de Propietat Forestal CPF Spain
Cent.re for Forest Ecology and Productivity of the CEPE RAS Russia
Russian Academy of Science

Consorzio Comunalie Parmensi CcCcp Italy
Danish Forest Association DFA Denmark
Disputacion Foral de Bizkaia. Servicios de Montes DBF Spain
Etifor. Valuing Nature Etifor Italy
European Forest Institute EFI International
Forest Science and Technology Center of Catalonia CTFC Spain
International Union for Conservation of Nature IUCN International
KU Leuven - Belgium
Natural Resources Institute Finland Luke Finland
Natuurinvest OC-ANB Belgium
Pan Ben AG - Switzerland
Public Institution Nature Park Medvednica PINPM Croatia
University of Padova TESAF-UNIPD | Italy

The Finnish Forest Centre SMK Finland
Institute of Food and Resource Economy. University of IERO Denmark
Copenhagen

University of Kassel - Germany
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Table S2.4. Coding of framework variables for the statistical analysis purpose

Institutional innovation, Social innovation

Variable Variable Description Code Type of data
Albania, Austria, Belgium, Bulgaria, Switzerland, Germany, Denmark, Estonia, Spain, Finland,
Country France, Croatia, Ireland, Italy, Moldova, Norway, Portugal, Romania, Sweden, Slovenia, and United AL, AT, BE, BG, CH, DE, DK, EE, ES, FI, FR, HR, IE, IT, MD, NO, PT, RO, SE, SI, UK Categorical
Kingdom
IM Administrator private, public, semi-public, NGO, other, Adm.priv, Adm.pub, Adm.semi, Adm.NGO, Adm.oth Categorical
. non-Market Based Instrument, Market Based Instrument, Information and Education, Econ.Inst_CommandControl, Econ.Inst_MarketBasedinstr, Econ.Inst_Info.Edu, . .
Economic Instrument . N . Dichotomic
Development of social organisation Econ.Inst_Social
local scale, icipality level, incial scale, regional scale, int ional scale, national scale, . . .
Mechanism Scale 4063 sca.e municipafity level, provincial scale, reglonal scale, Interreglonal scale, national scale Scale.loc, Scale.mun, Scale.prov, Scale.reg, Scale.inter, Scale.nat, Scale.internat Categorical
international scale
Year of establishment "year" Numeric
Mechanism duration long term (>10 years), medium term (5 to 10 years), short term (< 5 years) Dur.long, Dur.med, Dur.short Categorical
Mechanism Status active, design phase, pilot, unknow Stat.act, Stat.des, Stat.pil, Stat.un Categorical
Other Ecosystems Involved agricultural land, meadow, wetland, other Ecos.agr, Ecos.mead, Ecos.wet, Ecos.oth Dichotomic
Type of forest subsystem agro-forest, natural forest, planted forest, other For.agrf, For.nat, For.plan, For.oth Dichotomic
Type of bioclimatic region alpine, boreal , Mediterranean, temperate continental, temperate oceanic Bioclim.alp, Bioclim.bor, Bioclim.med, Bioclim.tempco, Bioclim.tempoc Categorical
Type of setting natural-park, peri-urban, rural, urban Set.natp, Set.per, Set.rur, Set.urb Dichotomic
Target or Bundled FES Target, Boundle, Targeted + Bundled FES Targeted.FES, Bundlesd.FES, TargBund.FES Categorical
FES Section Provisioning FES, Regulating FES, Cultural FES Provisioning.FES, Regulating.FES, Cultural.FES Dichotomic
FES.Pfo, FES.Pli, FES.Pfi, FES.Pbe, FES.Pge, FES.Pwa, FES.Pti, FES.Pnw, FES.Rcl, FES.Rpe,
Specific FES See Table S2.3 FES.Rnh, FES.Rwa, FES.Rso, FES.Rpo, FES.RIi, FES.Ced, FES.Cre, FES.Cto, FES.Che, FES.Csp, Dichotomic
FES.Cae
. collectively owned forests, local forest communities, private forest owners/managers, public . . . . . . . . .
Provider L X Provider.coll, Provider.loc, Provider.priv, Provider.pub, Provider.ppp, Provider.oth Dichotomic
forest owners, public private partnership, other
government, municipalities, regional government, public utility company, public private Demander.gov, Demander.mun, Demander.reg, Demander.uti, Demander.ppp, . .
Demanders X . . - X . - . . Dichotomic
parnership, private companies, funds, NGOs, civil society (end-users, tourists, visitors, ...), other Demander.priv, Demander.fun, Demander.ngo, Demander.civ, Demander.oth
Final beneficiaries civil society, local communities, householdes, forest owners, firms, other Benefic.civ, Benefic.com, Benefic.hou, Benefic.fow, Benefic.fir, Benefic.oth Dichotomic
Intermediaries Presence or absence Intermed Dichotomic
Diff tcl f FES, P i tion, Technological i tion, Busi Model i ti
Innovation types iterent classes o » Frocess innovation, Technological innovation, Business viodel innovation, FES.Innov, Process.Innov, Tech.Innov, BusinessModel.Innov, Istit.Innov, Social.Innov Dichotomic
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Table S2.5. Eigenvalues and % variance of MCA dimensions

Eigenvalues | % of var | Cumulative % of var.
Dim.1 0,177 17,65 17,65
Dim.2 0,122 12,151 29,801
Dim.3 0,109 10,924 40,725
Dim.4 0,095 9,482 50,207
Dim.5 0,088 8,805 59,012
Dim.6 0,081 8,144 67,156
Dim.7 0,073 7,308 74,464
Dim.8 0,064 6,437 80,901
Dim.9 0,052 5,234 86,135
Dim.10 0,048 4,765 90,899
Dim.11 0,038 3,792 94,691
Dim.12 0,03 3,021 97,713
Dim.13 0,023 2,287 100

Figure S2.1. Plot representing the percentage of variance in % explained by each dimension
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Abstract

Forest land fragmentation connected to inheritance rules induces land abandonment and a
not planned use of forest resources. From the experiences in many countries, one of the tools
to reduce this problem is forest owners’ associations. This study aims to examine the different
associative models experienced in Italy in order to provide an updated state of the art of
forest associations at the national level never attempted before and to assess their challenges
and innovative solutions to overcome the issues of forest fragmentation. It does so through
the analysis of national and regional legislation and of specific case studies. The results reveal
that several State regulations for addressing this topic were approved in the last century in
Italy. Furthermore, with the decentralization process started in the 1970s, the Regions began
to operate on the issue without any form of coordination and this led to the emergence of a
wide range of different associative models. The different associative models have been
described and divided into different categories according to their features. Our analysis
concludes that Regional regulations need to be coordinated sharing the lessons learned from
the various Regional policies implemented to support forest associations, as clearly defined
in the new National Forest Strategy. The importance of associative models based on the
multifunctional use of forests, with a large involvement of actors in local communities, is also

highlighted for its innovative character.

Keywords: National Forest Strategy, Forest Policy, Land Fragmentation, Cooperative, Land

Association, associative models
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3.1 Introduction

In Italy, around 37% of the territory is covered by forests and other wooded lands (INFC 2021),
the outcome of a process of expansion that has doubled forest cover since the 1950s (ISTAT
2015). This situation is the result of a process of inaction in forest management: harvesting
levels in Italy are the lowest among large European countries (Forest Europe 2020). As a
consequence, the ecosystem’s capacity to provide multiple goods and services decreases and
leads to the occurrence of negative environmental, economic, and social externalities
(Romano 2017), increasing forests vulnerability to natural hazards, such as wildfires (Corona
et al., 2015, Ferrara et al., 2019), and extreme climate events (Chirici et al., 2019). Currently,
in Italy, it is difficult to guarantee the societal demand for forest ecosystem services due to a
lack of active forest management. Indeed, the last Italian forest inventory (INFC 2021),
referring to data from 2015, reveals that only 15.3% of the national forest surface is covered
by a valid forest management plan. This percentage has decreased compared with the
situation of ten years before (equal to 16.3% in 2005). This trend differs from the situation
that can be observed considering Europe. In fact, in the last five years, the use of the forests
by European forest owners increased and three-quarters of European forest areas is currently
under forest management plans (Forest Europe 2020). The national situation is even more
severe in case we exclude from the calculation Trentino and Alto Adige, which traditionally
are the two Italian provinces more prone to implement forest activities and planning. Indeed,
without these two provinces, the Italian forest covered by a valid forest management plan is
equal to 9.4%. Considered jointly, the two provinces management plans cover 85% of their
forests (INFC 2021). This data is in line with the situation of the north European countries
(Forest Europe 2020). The main actions regulated by the detailed forest plans at the national
level concern mainly forest falling, with only 0.3% of the total plans addressing other forest
ecosystem services such as recreational and cultural functions and landscape protection. In
order to provide a complete overview regarding the status of the Italian forest management,
it is important to add that in 37,4% of the national forests no sylvicultural practices are
implemented. This data is an important proxy of the status of the management abandonment

of the forest properties at the national level.

The reasons for such a low level of active forest management include problems of land

fragmentation as a consequence of the inheritance process and landowners migration from

46



mountain areas to urban centres, both drivers of land abandonment and characteristic
weaknesses of the Italian forestry sector (Falcone et al., 2020). The average forest property
size is in Italy is equal to 8 hectares (Secco et al., 2017). The division of forest properties in
small plots, often far from one another, is an issue that Italy shares with the majority of the
other European countries (Forest Europe 2020), and that does not allow for cost-effective
forest management (Hatcher et al., 2013, Omizzolo et al., 2015). Observing the trend of the
total Italian population, it is evident that in the mountain areas it is ageing. These areas
constitute the main geographical location of most Italian forests. Whether in the last 60 years
the total population has grown by about 12 million units, in the same period in mountain
areas (including the Alpine and pre-Alpine ones), has registered a decrease of about 0.9
million units (Cerea & Marcantoni 2016). From these two data, it is evident how the possibility
to introduce innovative approaches capable to support forest management is limited.
Traditional forest owners tend to implement traditional practices, while innovative actions

could be introduced by new types of forest owners.

To respond to the negative effects of land fragmentation and abandonment, and to stimulate
the scarce forest management, different tools can be used. These include the setting up of
forest associations and cooperatives, with the aim of supporting links and coordination
among forest owners, forest managers, harvesting companies, forest consultants, local
authorities and other key stakeholders (Jylhd 2007). This has been also highlighted in
Zivojinovic et al. (2015) that detected how the establishment of cooperation among forest
owners, such as cooperatives and associations, is among the most innovative approaches to

boost active forest management.

To fully understand the importance of forest associations it is necessary to further know the
main reasons that drive forest owners (public or private) or managers, to become part of
them. These reasons can be grouped into six main categories according to Brun et al. (1997)

and Kittdredge (2005):

a. political-administrative functions, such as assistance for business accounting,
administrative attendance, authorizations, incentives. Indeed, among the most

important existing measures and policies where associations can have a relevant role in
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facilitating the access, there are the funds from the Rural Development Programme
(RDP);

b. event organization, such as meetings, field trips, contests;

c. joint economic activity, such as organizing joint sales and other cooperation events
related to forest management and product marketing;

d. shared professional services, such as mapping, management planning, boundary surveys;

e. lobbying actions, such as the increase of power in contractual agreements;

f. development of standards, brands, or labels in order to differentiate regional or local

forest products.

Kittdredge (2005) analysed these categories highlighting that small and medium private forest
owners mainly have to cooperate in order to “scale broader than their individual properties”.
In this process, an overall important driver to induce the creation of associations is income
generation. Its relevance has to be underlined, even if in Italy, as in other advanced
economies, economic motivations are not always among the most important for keeping and
managing forests by small private forest owners (Canton & Pettenella 2010). This is well
documented by the experience of the local associations managing systems of information,
control, and payment for picking wild mushrooms or truffles (Secco et al., 2009); to manage
this substantial source of income for land owners, consortia or associations have been

established, even without any support from the public sector.

Forest associations represent one of the key elements for stimulating and maintaining active
and effective forest management, and for supporting the adoption of innovative
management strategies (Zivojinovic et al., 2015). With this awareness, in former times, some
European countries, also close to the Italian context, promoted the creation of associations
of private and public forest owners. For instance, ForétSuisse (formerly Swiss Forest
Economy), founded in 1921, represents all private and public forest owners, of Switzerland
(Schulz et al., 2018) that are more than 250,000. Another example comes from France, where
the Centre National de la Propriété Forestiére (CNPF), a public institution made up of 11
regional delegations, represents approximately 3.5 million private forest owners. Other
examples of national forest associations very active in a national context can be found also in

Bulgaria and Macedonia (Zivojinovi¢ et al., 2015).
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By contrast, in Italy, there are no national wide associations of private forest owners, there is
an association of public forest owners, (with representatives of only 6 Regions), and no Italian
representatives are present within the two most important associations of European private
forest owners, CEPF and EUSTAFOR (Secco et al., 2017), limiting the development of the
sector (Falcone et al., 2020) and its representativeness. Due to the lack of reference
associations at the national level, information on existing local forestry associations, as well

as on the updated regional and national legislative context, is scarce.

Considering the context just described, the following paper aims to take stock of Italian local
forest associations, as possible instruments to boost an active forest management, providing
an overview of the current national and regional frameworks, as well as analysing some
examples of recent associative models developed in the country. To detect and analyse the
existing gaps will allow to provide a state of art of the Italian forest associations and to suggest

possible future directions.

The paper is organised as follow: in section 3.2 the methodology implemented to achieve the
aim of the paper is described, while section 3.3 gathers the outcomes and their discussion,
describing the national and regional legislation explored, and the most innovative associative
models found. Finally, section 3.4 reports the conclusions, where we have addressed the

future challenges of the sector.

3.2 Material and Methods

The associations considered for the paper aim, are not only formal associations but also
informal ones, in line with Kittdredge (2005), according to whom informal experiences may
be worthwhile considered as a form of cooperation. With informal associations, we mean all
existing experiences dealing with the creation of networks and other kinds of cooperation.
For instance, the experiences stemming from civil society addressing the needs of the
community, involving different stakeholders that have in common interest or objective, and
that include activities dealing with the forest sector, have been considered. The methodology
used has two main steps. The first step entails the analysis of national and regional regulations
boosting the establishment of forest associations. The main national norms regulating
associations, within and outside the forest sectors, have been identified and analysed

consulting the official journal of the Italian government (i.e., “Gazzetta Ufficiale”) where acts
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and decrees are published before taking legal effect. Their consultation provided an overview
of the national framework in which regional regulations are embedded. Then, Regional
regulations have been identified to provide a deeper insight on the context at a lower scale
level. To do this, in the first phase, each regional forest law was examined to see whether
actions to support regional associations were mentioned in specific articles of the laws.
Twenty-one sets of legislations have been consulted (19 for the Regions and 2 for the
autonomous Provinces of Trentino and Alto-Adige). In the second phase, the existence of
regional regulations supporting specific associative models was searched by using, in a public
search engine, the name of specific associative models jointly with the name of the Italian

Regions and autonomous Provinces.

In the second step, the presence of active forest associations within each Regions has been
investigated. The research was carried out consulting databases of regulations, scientific
papers and grey literature, and other online public available information. The keywords used
included the names of the different Italian Regions, the names of the two autonomous
Provinces, and different words belonging to the semantic world of associations and
cooperation. Concerning the Regional associative models, those financial opportunities that
led to the establishment of forest associations have been also taken into consideration. Then,
the different associative models found have been analysed. The analysis has been
implemented according to the following models’ features: regulatory framework (national or
regional norms regulating or enabling the establishment of the associative model), associated
members (description of the members of the associative model), territory (characteristics and
property of the areas belonging or managed by the associative model), innovativeness
(description of the degree of innovativeness of the model) and aims (objectives of the
associative models). These elements have been used as the basis for grouping the found

associative models into categories and characterising them.

The conceptual and methodological approach used in the paper is summarised in the

following figure (Figure 3.1).
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FIRST STEP
identification of regulations and financial opportunities boosting forest associations
establishment

NATIONAL REGULATIONS———laws setting the ground for associations

|_—specific articles in regional forest laws
REGIONAL REGULATIONS <
| “—specific regulations addressing associative models

PUBLIC FUNDINGS ——specific regulations addressing associative models

OVERVIEW OF THE NATIONAL AND REGIONAL BAKGROUND

SECOND STEP
identification of regional forest associations

Organizational models have been analysed according to:

AIMS ASSOCIATED MEMBERS REGULATORY FRAMEWORK

TERRITORY INNOVATIVENESS

IDENTIFICATION OF THE DIFFERENT CATEGORIES OF ASSOCIATIVE MODELS

Overview of the Italian framework supporting forest associations and
presentation of the different associatiVE models identified

Figure 3.1. Conceptualisation of the methodology used in the paper

3.3 Result and Discussion

3.3.1. Legal framework

Before describing the legal framework, it should be highlighted that, since the 1970s, Italy has
moved towards institutional and political decentralisation in the forestry sector (Baldini &
Baldi, 2014). This is important in light of the principle that, given the challenges of managing
environmental resources, “institutional diversity may be as important as biological diversity

Ill

for our long-term survival” (Ostrom et al., 1999). Unfortunately, this gradual decentralization
process was conditioned by conflicts on competencies and contrasts between the central and
regional authorities, and later partially between regional and local authorities (Secco et al.,
2011). The outcome of this process was a lack of cooperative attitude among policymakers in

sharing the lessons learnt by the implementation of numerous policy initiatives and in
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upscaling the positive results. This should be kept in mind when examining the plethora of

regulations implemented at different institutional levels.
National legislation.

To analyse the legislation regulating associations is a complex exercise because of the extent
of the field of interest. Indeed, there are several scales and sectors in which associations are
regulated. At the national level, we found generic frameworks that can be applied in many
different sectors, like regulations regarding the establishment of cooperatives (Legislative
Decree no. 6/2003) or those supporting young entrepreneurs (National Law no. 95/95). Other
more specific regulations deal with the recovery of abandoned land, through land banking,
the creation of networks contracts (Decree Law, no. 5/2009) and the replacement or
assignment of the management of those properties where private owners are unknown or
not available (Legislative Decree no. 34/2018, article 12). A further set of regulations deals
with the traditional rights of using some products and services from forest and pastureland,
i.e., “Usi civici” - Civic Uses, and collective properties (National Law no. 168/2017). This right
may be a driver leading forest owners to cooperate for forest management (Kittdredge 2005).
Indeed ‘place’ and shared ‘interest’ on common resources, are among the reasons for

communities’ establishment (Lawrence et al., 2021).

All these national norms also apply to the forestry sector enabling the establishment of
associations, cooperatives, consortia, and other networks dealing with sustainable forest
management. By contrast, this diversification makes the harmonisation of these experiences
more challenging.

At the regional level, associations are regulated within the so-called “Mountain Acts”.
Mountain Acts have been issued at the national level and then gathered in the national
framework Mountain Act no. 97/1994. Later, some Regions have transposed the national law
into regional ones. The main aim of the Mountain Act is the enhancement and promotion of
the socio-economic development of mountain areas, considering all the different sectors

involved.

Looking at the main regulations dealing specifically with the forestry sector, forest
management associations and the establishment of consortia to support small forest owners

in the management and maintenance of their properties in mountain areas have been

52



considered by the still fundamental Forest Act, the Royal Decree no. 3267/1923 (article 105).
From the promulgation of the Royal Degree until nowadays, interest in associations has not
declined. In 2018, the Italian Forest Act (Legislative Decree no. 34/2018), with article 2,
establishes associations to spur forest management as one of the sector priorities. This
priority is confirmed by the still under discussion Italian Forest Strategy (Mipaaf 2020) and
has already been operationalised at the beginning of 2020, through a national call for
associations aimed to support the creation of new forms of associations and consortia
(Ministerial Decree no. 13329/2020). Unfortunately, the one-century-long political attention
towards associations and consortia stated by the formal approval of numerous laws has not
been coupled with any significant financial support. Consequently, in the last 3-4 decades the
country saw a gradual reduction of associations and consortia, especially among public forest

owners.
Regional legislation and financing

When regional legislations are explored, a mosaic of very different situations comes to light.
The absence of a nationally coordinated strategy and the institutional decentralisation led
Regions to legislate in order to promote different associative models, trying to respond to the
needs of the territories they administrate.

In analysing the regional forest regulations, it was found that only in seven regional laws a
specific article regarding the promotion of associations is present. However, only in Piedmont
a specific regional law aimed to facilitate the creation of models of forest associations has
been detected. In table 3.1 the results of the analysis are summarised, showing that not all
21 Italian Regions have specific regulations or articles within their forest law dealing with

associations.

Table 3.1. Regional legislation supporting associative models

Region Associative model supported Reference to the law

Piedmont Land Associations Regional Law no. 21/2016
Lombardy Land Associations Art. 16, Regional Law no. 9/2019
Friuli Venezia Giulia Land Associations Art. 49, Regional Law no. 28/ 2017
Tuscany Forest Communities Art. 5, Regional Law no. 11/ 2018
Marche Other associative models Art. 6, Regional Law, no. 6/2005
Trento Province Other associative models Art. 59, Provincial Law no.11/2007
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Sardinia Other associative models Art. 27, Regional Law no. 8/2016

Abruzzo Other associative models Art. 23, Regional Law no. 3/2014

The most innovative and structured models introduced by regional legislations are Land
Associations (Beltramo et al., 2018) and Forest Communities. Land Association is a model
deriving from a similar experience in France (Charbonnier & Romagny, 2012) that indicates
the voluntary union amongst public and private landowners aiming to join abandoned
properties to renovate their sustainable and economic use. Local public authorities (e.g.,
Municipalities) normally participate in land associations guaranteeing and safeguarding the
participants’ property rights. Piedmont has introduced this model in Italy following the French
experience. Since 2012, 36 Land Associations have been established. Although most of them
are managing pastureland, other land uses are present, such as forests, chestnut orchards,

and vineyards.

Forest Community is defined by article 5 of the Tuscany Regional Law as the cluster of public
and private subjects that agree in promoting active management of their forests. More
specifically, the Forest Community active in the Region, i.e., the Forest Community of Monte
Pisano, aims to regenerate and manage the forest ecosystem of the Monte Pisano and its
cultural and artistic values after a severe wildfire that affected the area.

With ‘Other associative models’ (Table 3.1), different forms of associated management (such

as associations, cooperatives, etc.) not further specified by the Regional Laws are meant.

In our research, we have analysed also associative models born through financial supports, in
particular, those stimulated by the public regional funds derived from the Rural Development
Programmes (RDP). These funds are programmed every 6/7 years and distributed, according
to their availability, every 2 or 3 years. Funds from RDP have been used in Piedmont (RDP
2014-2020, measure 4.3.2) where Land Associations resulted the beneficiaries for

implementing land reparcelling actions.

The main measures of the RDP that financially support the creation of associations under

different programming periods are presented in Table 3.2.
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Table 3.2. RDP funds supporting new associative models. Source: ReteRurale (2016)

Region RDP programming period Incentive measure
Veneto RDP 2000-2006 Measure 9.6
Piedmont RDP 2007-2013 Measure 125
Sardinia RDP 2007-2013 Measure 122

Lazio RDP 2014-2020 Measure 9.1.1

Friuli Venezia Giulia

RDP 2014-2020

Measure 9.1

Sardinia RDP 2014-2020 Measure 9.1.1
Liguria RDP 2014-2020 Measure 9.1

Marche RDP 2014-2020 Measure 9.1.A
Piedmont RDP 2014-2020 Measure 4.3.2

Taking the case of Veneto Region as an example, during the programming period 2000-2006,
8 associations were created and financed through Measure 9.6. Nowadays, only two of these
associations are still active: the Plain Forest Association (AFP) and the Vicenza Forest
Association. Both were founded in 2003 and are formed by 20 and 13 members, respectively.
The common aims of the two associations are to share the cost of forest management
planning and implement lobbying actions. If for the AFP the lobbying action is addressed to
the search for private investments to support the provision of forest ecosystem services, for
Vicenza Forest Association the lobbying action aims mainly to organise joint wood sales,

especially wood chips to medium/large biomass plants.

Relying on funds from RDP could be seen as a strategic option to be capable to provide
continuous financial support to those initiatives that willing to start and emerge. By contrast,
fragmentations and land abandonment are among the factors influencing the scarce affinity
of European private forest owners to subsidies (Quiroga et al., 2019). This is the case of Italy,
that presents difficulties in managing RDP funds, being among the last European countries in

terms of commitment and payment capacity (Sotte, 2018).

3.3.2. Associative models
The implementation of national and regional regulations and the presence of financial

supports lead to the creation of different associative models, that differ by structure and aims.

Four different categories of associative models have been identified observing the Italian
landscape and gathering those associations that share a similar origin, structure, and aims, as

described in section 3.2. The first two categories refer to more traditional and well-
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established associative models, related to national legislations, while the third category refers

to a group of non-homogeneous and more recent associations and communities, based

mainly on regional legislation or public funds. Lastly, the fourth category gathers those

innovative experiences born thanks to grassroots initiatives. These categories are:

a.

Historical models. These are historical institutions (Civic Uses Associations and Collective
Properties) collectively managing the commons, including forest land. In Veneto Region,
where this model has a longstanding tradition, a recent regional law (Regional Law no.
26/1996) spurs the reconstitution of the traditional Collective Properties (called
“Regole”) after their suppression during the Napoleon dominance (1805-1813).
Conventional models. Public and private forest consortia are included in this category.
They are regulated by the Italian Civil Code and represent the classic legal form under the
Italian legal system, for cooperation among enterprises. Consortia can have different
structures according to their main objectives and activities. They are usually mainly
concerned with technical management and the response to technical issues of the
properties they represent. In Italy, forest consortia have been highly developed in
Lombardy Region (24 forest consortia are active in 2021). Consortia differ from the other
forms of associations because they are strictly addressed to coordinate and regulate
common initiatives among private and public entities (e.g., companies, public bodies)
with an economic purpose.

Recent models. The majority of the associative models included in this category have
been developed more recently to respond to regional regulations or specific financial
supports. These models are aimed at managing public and/or private properties and
improving the forest-wood supply chain, in the latter case, those born mainly through
financial support are gathered. Among the models considered in this category, born
thanks to regional legislations, there are the already mentioned Land Associations
(“Associazioni fondiarie”) and Forest Communities (“Comunita forestali”).

Innovative models. The associative models belonging to this category do not respond
either to regional or national legislations, nor to specific financial supports. They emerged
in response to the societal needs of the community in which they were established. A

more detailed description of these models is presented in the next subsection.
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Table S3.1 in Supplementary Material presents the division of the different associative models
in the previously mentioned categories. For each associative model, the main features (i.e.,
regulatory framework, actors involved, the territory where it is implemented, and principal
aims) have been listed allowing a more comprehensive understanding and comparison among
them.

Innovation in forest associations

The last category described above gathers associative models, not always based on a specific
regulation framework, describing an important evolutionary trend in the state of forest
associations in Italy. These models have been conceived to respond to the special needs of
the local communities with an attempt to widen participation to other types of stakeholders
and not just to forest owners, managers, and enterprises. The Community Cooperatives
(“Cooperative di comunita”) are working precisely in this direction. They represent a novel
associative model applied also to natural and forest areas. The principal aim of Community
Cooperatives is to maximise the benefits of its members and, at the same time, those of the
whole community (Atmis et al., 2009). At the national level, this type of cooperative is not yet
regulated. For this reason, the Regions started to act individually to give legal recognition to
these Cooperatives. In five Regions (Abruzzo, Campania, Liguria, Puglia, and Tuscany) specific
regional laws have been approved, while in the other three Regions (Basilicata, Emilia
Romagna, Lombardy) an article in the regional law regulating cooperation has been included.
To describe the innovativeness of this associative model, two Community Cooperatives,
settled on the Apennines of the Emilia-Romagna Region are hereafter described. The two
cooperatives, “Valle dei Cavalieri” and “Briganti del Cerreto” were conceived as a reaction to
the abandonment of the mountain villages where they are located. The two communities are
composed of 56 and 16 citizens respectively ; the cooperative and their members collaborate
with local municipalities, national parks, and mountain communities to valorise the territory
where they were established. The shared objectives of the two communities, in addition to
the willingness to reduce depopulation, are the revitalization, monitoring, and fruition of the
mountain territory where they operate, the promotion of sustainable tourism and forest
management, and the implementation of environmental education activities. In addition, in
the community “Briganti del Cerreto”, an important activity implemented is the sale of forest

products from sustainable forest management. Community cooperatives see a higher
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participation of the community and are aimed to respond to the needs of the whole
community and not only of their members.

The relevance of forest communities in boosting forest management and supporting rural
areas start to be recognised in Europe. Indeed, the aims and the reasons that stimulate the
establishment of communities are strictly linked to the concept of social innovation. Social
innovation is an emerging concept that identifies a transformation of social practices to
respond to the community needs in order to provide goods and services otherwise not
adequately addressed (Kluvankovda et al., 2018, Ravazzoli et al., 2021). In their article,
Ravazzoli et al. (2021) presented the case of Scotland where a community was born to
manage woodland sustainably.

The Italian situation depicted in this paper allows us to state that, due to the continuous
evolution of associative experiences, the creation of a strong national forest owners
association or the establishment of an efficient coordination system among the already
existing experiences seems to be scarcely conceivable. Furthermore, the dynamism that
characterizes the national and regional regulatory frameworks relating to the issue makes
their coordination difficult in a sector, the forestry one, where the harmonisation of existing
policies already is deemed a utopia (Secco et al., 2018). However, the presence of this richness
of diversified experiences, emerging and operating in local and regional contexts, are
fundamental for mountain areas in order to face abandonment challenges, respond to local
needs, stimulate the creation of new job opportunities, and valorise the most marginalised
rural areas (Kluvankova et al., 2018). These associative models could be references for
implementing decrees of the Italian Forest Act of 2018 and for favouring a higher adoption of
forest management plans. Indeed, the Italian Forest Act of 2018 envisages simplifying
bureaucracy and administrative practices to promote the unification of the fragmented forest
properties, to enable abandoned land management, to boost a more widespread active

sustainable management, and to recover abandoned land with a high agro-silvicultural value.
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3.4 Conclusions

The study aimed to provide an insight about possible solutions capable to stimulate the
implementation of active forest management. Indeed, one of the main issues driving inaction
is property and land fragmentation, that leads to a low national implementation of forest
management plans.

An overview of the state of the art of the Italian forest associations and of its regulatory
framework is provided. Many different legal and organisational solutions to forestland
abandonment have been locally developed, without sharing the positive and negative lessons
learnt from these experiences. Knowledge sharing, coordination of public and private forest
services, and harmonisation among the different regional and national regulations are
essential in order to stimulate private forest owners in managing their properties providing
multiple functions as requested by the new EU forest strategy. Indeed, the strategy stresses
the point of boosting, through incentives, private owners in providing multiple forest
ecosystem services in order to respond to societal requests connected to bio-economy
development, biodiversity protection, and climate change adaptation. The element that
seems to be missing in the strategy is the delineation of a common approach based on a set
of coordinated tools: new legal and entrepreneurial models, provision of technical services

and financial assistance, simplification of regulations.

Through the analysis of the cases provided in our research, the importance of the different
local experiences was evident. This diversity is important to provide different solutions in
facing similar issues. Correspondingly, the presence of different experiences is not to be
considered as generating competition among them. Indeed, the challenge that we are facing
now is the scaling-up of such initiatives by transforming the pilot experiences into a “system”.
This does not mean a unique reference model, but a network of managerial models capable
to give positive answers to the diversified questions posed at the local level in terms of forest
land availability, presence of private entrepreneurs, the role of local public authorities, and
demand for forest ecosystem services. It is not a matter of having the same associative models
all around the mountain forests of the country, but of being aware and capable to select the
best mix of tools in relation to the local contexts. The coordination among the different
models and policies supporting them should be a priority. The coordination and possibility to

share lessons learnt and good practices among regions need a supportive environment that,
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in turn, should be stimulated by specific policies, otherwise the positive insights achieved by
the experiences will remain at the regional or local level. The analysis of the Italian policy
framework can be an initial step for this process of knowledge and coordination that can also
lead to facilitation on the use of financial resources and the implementation of sustainable
forest management as requested by the new EU forest strategy. The coordination among
policies regulating associative models, and the creation of a system to share best practices,
should be necessary for all EU countries willing to seriously face the issue of fragmentation
and land abandonment within the forest sector.

Among the different associative categories outlined, the most innovative models appear to
be the ones capable to better target the societal needs and to involve a more variegate
category of stakeholders ensuring a higher impact on their members and the whole
community. That is why the establishment a national regulation recognising and supporting
grassroots initiatives is even more relevant. Some regions are already acting in this direction,
providing a legal background, but a more coordinated vision has to be built and implemented
to make these experiences relevant in contrasting the lack of the adoption of forest
management by private forest owners.

Only by building a strong network among Regions, and among the State and the Regions, the
administrative and institutional decentralisation in Italy will be functional, and not an
obstacle, to the experimentation and consolidation of the best organisational choices. This
study sets the basis for a comprehensive understanding of the existing legislation regulating
the recognition and creation of forest associative models, supported by the case studies
found. Nonetheless, a more detailed analysis of the existing experiences is needed in order
to achieve an exhaustive systematisation, jointly with a deeper exploration of the role of the
different funding opportunities for their establishment. Further analysis is needed also for
understanding the roles and the efficiency of the different associative models in stimulating
forest management.

“Think globally, act locally, and collaborate faithfully”, is the principle present both in the
Italian Constitution (art. 120) and in the Treaty of the European Union (art. 4): let’s make the

last part of the sentence feasible.
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Supplementary Material

Table S3.1. Characterisation of the associative categories and models

Associative Regulatory Innovativeness of
Category Associated members Territory Aims
model framework the model
Civic Uses Land under a regime
Citizens belonging to a local
Historical associations of special rights by Historical and well- | Collective management of the
National Law?3 community (e.g.,
models “Associazioni the members of the established commons
municipality)
Usi Civici” community
Public and/or private
Forests owned by Management of the forest in response
Convention landowners and other Traditional and well-
Consortia Italian Civil Code* consortium’s to economic-technical needs of the
al models operators (e.g., enterprises, established
members associated members
cooperatives)
Public and private forest
Association owners and managers jointly More recent Sharing the cost of forest
[Incentives from Rural Forests owned by the
Recent created with the other actors associations based management planning, implement
Development members of the
models through belonging to the value chain on specific financial | lobbying actions, and develop forest-
Programme (RDP)] associations
specific funds (e.g., sawmills, carpentry, support wood supply chain
furniture stores, etc.)
Recent Land Private and public Fragmented plots of More recent Promoting associated use of
Regional Law
models Associations landowners (with the various owners given associations based abandoned forest and farmland

2 National Law no.1766/1927. “Conversione in legge del R.D. 22 maggio 1924, n. 751, riguardante il riordinamento degli usi civici nel Regno”
3 National Law no.168/2017. “Norme in materia di domini collettivi”
4 Civil Code n0.2602 approved by Royal Decree no.262/1942. “Testo della carta del lavoro”
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“Associazioni (Piedmont°*, municipality often playing a to and managed by on regional delegating the management
fondiarie” Lombardy®*, Friuli role of animator) an association regulations responsibilities to third parties
Venezia Giulia™)
Public and private subjects
Fragmented forests of
Forest that agree in promoting More recent

private and public

Regeneration and management of

Emilia Romagna™,

Lombardy’®)

community, National Park,

and others

as normal

cooperatives

Recent Communities Regional Law active management of their associations based
owners managed by forest ecosystems and cultural and
models “Comunita (Tuscany?®) forests on regional
enterprises and other artistic values
forestali” (citizens, enterprises, regulations
interested subjects
associations, municipalities)
Regional Law Operators promoting Innovative Maximisation of the benefits of
(Abruzzo®, multifunctional management communities based | associated members and of the whole
Community Campania'®, of their forests and other Territory of the on regional local community through sustainable
Innovative cooperatives Liguria"*, Puglia'*, rural areas under concession | mountain villages in regulations or even | forest management, selling of local
models ""Cooperative Tuscany'3*, owned by individual citizens, | which the Community | created without a forest products, slow tourism,
di comunita” Basilicata™, local municipality, mountain | is located special regime but environmental educational activities,

and other activities connected to the

specific local resources

5 Regional Law no.21/2016. “Disposizioni per favorire la costituzione delle associazioni fondiarie e la valorizzazione dei terreni agricoli e forestali, 2 novembre 2016"
6 Regional Law n0.9/2019. “Legge di revisione normativa e di semplificazione 2019, 6 giugno 2019”
7 Regional Law no. 28/2017. “Disposizioni in materia di risorse agricole, forestali e ittiche e di attivita venatoria, 21 luglio 2017”
8 Regional Law no. 11/2018. “Disposizioni in materia di gestione attiva del bosco e di prevenzione degli incendi boschivi. Modifiche alla I.r. 39/2000, 20 marzo 2018"

9 Regional Law no. 25/2015. “Disciplina delle Cooperative di Comunita”

0 Regional Law no. 1/2020. “Disposizioni in materia di cooperative di comunita”
" Regional Law no. 14/2015. “Azioni regionali a sostegno delle cooperative di comunita”

2 Regional Law no. 23/2014. “Disciplina delle Cooperative di comunita”

'3 Regional Law n0.67/2019. “Cooperazione di comunita”

4 Regional Law no. 12/2015. “Promozione e sviluppo della cooperazione”

15 Regional Law no. 12/2014. “Norme per la promozione e lo sviluppo della cooperazione sociale”
16 Regional Law no. 36/2015. “Nuove norme per la cooperazione in Lombardia”
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Abstract

The European Union (EU) is making significant efforts to support the recovery process after
the Covid-19 pandemic, allocating more than €672.5 billion to the EU Member States (MS).
On the one hand, forests are the most relevant «green infrastructure» in Europe, as they play
a fundamental role in the future of the local bioeconomy, while on the other hand, wood
biomass is still the first renewable energy source in the region. Owing to this it is interesting
to analyse how the forestry sector has been taken into account in the recovery programme.
The present survey aims at comparing the contents of all the 26 National Recovery and
Resilience Plans (NRRPs) describing the key forest-related themes they consider, as well as
the planned financial contribution to the sector. Cluster analysis has been implemented to
distinguish the presence of common elements in the implementation of the forest-related
components of the NRRPs, thus identifying which themes have been given a priority.

As a result, forest investments are considered of central importance for eleven EU MS, while
four countries do not mention forests in their NRRPs. The approaches that countries followed
b to include the forestry sector are very heterogeneous. Moreover, it seems that we are very
far from having a common conceptual framework to implement a forest policy among the EU
MS. However, climate change considerations play a key role in the financing of new forest
investments, in particular concerning the need of forest adaptation. Similarly, the relevance
of forests for supporting the bioeconomy emerges as a common priority, with various
member states recognizing innovation in the sector as critical. In most cases, funding
allocated specifically to the sector through the NRRPs is very limited, except for Sweden and
Romania which have allocated significant funding for ambitious forest actions.

The cluster analysis identified three clusters describing MS funding policies related to forest

themes. The first one is characterised by countries with a more conservative and inward-
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looking orientation.In contrast, the other clusters are represented by countries with a more
innovative attitude. A further distinction has been done between MS oriented to innovation
to boost wood-related provisioning ecosystem services (ES), and those innovating towards a
multifunctional use of forests (considering mainly regulating and cultural ES) and a more

outward-looking orientation.
Keywords: recovery plans, forestry sector, ecosystem services, policy innovation

4.1 Introduction

The covid-19 pandemic has constrained the global economy in the last two years forcing all
countries to innovate and develop urgent approaches to cope with the situation (Kapoor et
al., 2021; Patrucco et al., 2021; Azoulay and Jones, 2020). The European Union (EU) has made
significant efforts to support national EU economies to face pandemic-related challenges.
With the Next Generation EU programme, the European Union aimed to support Member
States (MS) to recover from the negative economic and social impacts caused by the sanitary
emergence. It did so with the provision of a clear direction in which this recovery has to tend,
thus transforming the EU into a greener, healthier, and more digital economy and society.
The relevance of these measures is considerable. Indeed, it is the first time after the
“European Recovery Program” of 1948, known also as the Marshall Plan, that some European
countries, receive economic and financial support to recover from a disruptive event.

The Next Generation EU pillar has been the promotion of the development of national
recovery and resilience plans (NRRPs). The Recovery and Resilience Facility (RRF) financed the
implementation of these plans through “€672.5 billion (in 2018 prices) in loans and grants
available to support reforms and investments undertaken by Member States”’. The aim of
this facility is “to mitigate the economic and social impact of the coronavirus pandemic and
make European economies and societies more sustainable, resilient and better prepared for
the challenges and opportunities of the green and digital transitions”. The NRRPs thus come

with significant funding allocations for all EU countries.

While the RRF aims at supporting both the digital and green transitions, one can question how

far the NRRPs take into ccount the forestry sector. Indeed, the recently approved EU Forest

17 https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility_en
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Strategy emphasizes the role of the sector for a sustainable bioeconomy, green jobs and the
provision of ecosystem services (EC 2021). It can thus be expected that the forestry sector

would have a significant place in these plans.

The research questions addressed in the paper include: i) how are NRRPs currently integrating
the forestry sector? ii) are there trends and key forest-related themes emerging from the
NRRPs? iii) can the forestry sector be considered as a priority topic in NRRPs, in particular,
based on financing made available for forests through these plans? iv) are national domestic
financing schemes, such as national forest funds (NFFs) and other economic
instruments,supporting the provision of forest ecosystem services (FES) used as means to
channel RRF resources effectively? v) what recommendations and orientations could be

proposed to policy makers in view of NRRPs revisions and/or future submissions?

In order to try to reply to these questions, this paper analysed the NRRPs of the European
Member States. The methodology used is described in section 4.2, while section 4.3 presents
the main findings. The discussion of the results is introduced in section 4.4 and a brief

conclusion is finally highlighted in section 4.5.

4.2 Material and methods

This section presens the method used to reply to the research questions previously stated.

In the first phase, the NRRPs that each member state to the European Commission (EC)
presented, have been collected from the EC dedicated website'®. Not all the countries
submitted their NRRP at the same moment. Different consultations have been done to collect
all the available programs, and a total of 26 national plans (out of 27 member states) have
been analysed. The NRRPs were collected from May 2021 to September 2021. During the
mentioned period full reports have been continuously uploaded to the EC website making
them available for public consultation. The full NRRPs have been presented to the EC only in
the national languages by each MS. A further synthesis in English is available for each country.
Furthermore, only the available full texts have been taken into considerationto have a

comprehensive overview of how the forestry sector has been addressed within the NRRPs..

18 https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility_en
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After the NRRPs collection, their analysis has been implemented through the use of keywords.
Because of the use of the national languages in the plans, each keyword has been translated
into the national language of the analysed country. The keywords used, in English, were:
“forest*”, “silviculture*”, “wood*”, “biomass”, “tree*”, “ecosystem service*”, “innovation*”,
and “forest fund*’. Research on the full text was conducted once the keywords were
translated. . The portions of the text found as relevant were then translated. These included
whole paragraphs, subchapters, or chapters. The text portions to be translated depended on:
(1) the extent to which the forestry sector was included in the portion where the keywords
were found, (2) the relevance of the forest-related topics included. The relevant texts were
translated from the national language to English using the multilingual translation services

provided by Google: Google Translate. The portions of the NRRPs translated correspond to

the data that have been further analysed.

After NRRPs translation it was thus possible to proceed to data analysis. Two different
analyses have been implemented to respond to the different research questions. In the first
phase the paper investigated how the forestry sector was integrated into the NRRPs. This was
achieved through the analysis of data data, to understand if the forestry sector was directly
or indirectly mentioned within the NRRP, or if no mention was present. A direct mention
includes some aspects related to the forestry sector in dedicated chapters, sub-chapters, or
investment sections within the NRRPs. Differently, the forestry sector is indirectly mentioned
in the NRRPs when it is embedded as part of sections and chapters/sub-chapters focusing on
other sectors. Later, the texts have been deeper analysed to identify which forestry sector-
relevant themes appear in NRRPs. The establishment of the final themes used in the analysis
followed an inductive and deductive process. In the first phase, a list of themes was drafted
considering the main topics belonging to the forest sectors and addressed by national and EU
policies. The second phase was implemented during the analysis of the text. The pre-
established themes were confirmed and incorporated and new forest-related themes were

added, if not yet present.

To analyse the selected portions of the NRRPs, the texts were labelled using the insofar found
themes, which allowed to identify more precisely trends of how the forestry sector is included

in NRRPs.
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In a second phase, data on the amounts of investments and budgets allocated to the forestry
sector were collected and analysed. Thus investigating the relevance of the forestry sector in
the NRRPs from a financial point of view. For most MS, where a direct mention of the sector
was present, these data were available. Moreover, the information about the total amount
of investments planned was found for each country. European disbursement is divided into
grants and loans. The two different funding instruments have been considered jointly. When
the specific funds allocated to the forestry sector were expressed in local currency, it was

necessary to convert them into € millions to homogenise the data.

4.2.1. Cluster analysis

After the descriptive analysis of the MS’s reports, a cluster analysis has been implemented to
group MS based on the presence of the different themes related to the forestry sector within
their NRRPs. Similarly, the Hierarchical Clustering on Principal Components (HCPC) statistics
has been implemented. Dealing with qualitative dichotomous data, the Multiple
Correspondence Analysis (MCA) has been computed as the principal component method. The
presence of a forest-related theme within the NRRPs has been coded as 1, while the absence
of the theme within the NRRP has been coded as 0. MCA implementation allowed to
transform these categorical variables into continuous ones. Continuous variables have been
later used to compute the Hierarchical Clustering on Principal Components. 11 dimensions
from the MCA have been considered for the implementation of HCPC,. The number of
selected dimensions have been set considering all those dimensions with a variance higher

than 1/J, with J representing the total number of variables considered.

The outcomes of the HCPC describe the clusters according to the significance of the variables
under analysis. For each variable the analysis provides the following data:
- Cla/Mod: percentage of the cases (MS) belonging to the cluster that presents the
variable under analysis.
- Mod/Cla: percentage of the cases (MS) within the cluster that is represented by the
variable under consideration.
- Global: percentage of the cases (MS) present within the cluster out of the total cases
that present the variable under analysis.

- p.value: significance of the categorical variables within the cluster (a < 0.05)
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the R statistical software has been used to compute the cluster analysis (R 4.1.0). The R
packages FactoMineR (Le et al., 2008), and factoextra (Kassambara and Mundt, 2020) have

been then implemented.

The HCPC analysis allowed to cluster MS according to the different forest-related themes they

introduced in their NRRPs.

4.3 Results

Out of 27 Member States, 26 NRRPs were analysed. Only the Netherlands did not present
their NRRP in the period considered in this research.
The following table (Table 4.1) answers the first key question of the paper. How are NRRPs

currently integrating the forestry sector?

Table 4.1. Presence of direct or indirect mention of the forestry sector within the EU NRRPs.

Country Direct mention Indirect mentioned No mentioned

Austria X

Belgium X

Bulgaria

Croatia

Cyprus

Czechia

Denmark

Estonia

Finland

France

Germany

X | X | X | X

Greece

Hungary X

Ireland X

Italy

Latvia

Lithuania

Luxembourg

Malta

Poland X

Portugal

Romania

Slovakia X

Slovenia X

Spain X

Sweden X

The twelve forest-related themes identifies and used to label and analyse the portions of the

NRRPs are the following:
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-circular bioeconomy: introduction of wood products in other sectors, e.g. for construction
and industrial use, considering the whole product lifecycle, from its harvesting to its
application (and recycling);

-green revolution/ecological transition: recognition of the importance of forest ecosystem
services, wood and non-wood forest products to build a sustainable and resilient
economy;

-green jobs: forestry is seen as a favourable sector to sustain the increase of green jobs;

-rural development: actions impacting positively rural areas through forest-based solutions;

-climate action (adaptation): make forest ecosystems more resilient to climate change
(which includes forest fire and natural hazard prevention) and increase resilience of
territories and people through forest-based solutions (ecosystem-based adaptation);

-climate action (mitigation): forests and wood products as carbon sinks;

-biodiversity: actions addressed to support and improve forest biodiversity and biodiversity
in forests;

-sustainable forestry: improvement and higher adoption of sustainable forest management
practices;

-forest ecosystem services (FES) provision/enhancement: willingness to improve or address
forest management towards FES provision and enhancement;

-urban nature-based solution: forest-related solutions implemented in urban areas;

-gender balance and women inclusion: commitment to make forestry a fairer sector;

-innovation: willingness to introduce innovative practices and technologies within different

forest-related activities.

The analysis of the themes characterising the forestry sector within the NRRPs is depicted in
Table 4.2. This table presents the key themes where forest-related topics have been
mentioned in the NRRPs both directly and indirectly. Data on the table support the answering
to the second research question. Are there trends and key forest-related themes emerging

from the NRRPs?
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Table 4.2. Themes related to the forestry sector emerging from the NRRPs

Green Climate Urban Gender
Country ) Circular revolution/ G'reen Rural Adaptation/ (Eli.mat‘e Biodiversity Sustainable | FES provision/ Nature- Balance and Innovation
bioeconomy ecological jobs Development natural hazard Mitigation Forestry enhancement Based women
transition prevention solution inclusion
Austria
Belgium X X X X X
Bulgaria X X X X X X
Croatia X X
Cyprus X X X
Czechia X X X X X X X
Denmark X X X
Estonia X X X X
Finland X X X X X X X
France X X X X X X X X
Germany X X X X X
Greece X X X X X
Hungary X X X
Ireland
Italy X X X X X
Latvia X X X
Lithuania X X
Luxembourg
Malta
Poland X X
Portugal X X X X X X X X X
Romania X X X X
Slovakia X X X X X X X X X X
Slovenia X X X X X X X X
Spain X X X X X X
Sweden X X X X
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The final implemented analysis allowed us to understand the relevance of the forestry sector
within the NRRPs from a financial point of view, assessing, in particular, the share of the

forestry sector in the overall MS financing allocation (Table 4.3).

Table 4.3. Proportion of NRRP funds allocated for the forestry sector

%  of
| NRRP f
Country | Financed actions million € tot'a' * und NRRP
(million €)
funds
C ti f tricti | f
Sweden ompensation for restrictions on land use o 545 3200 7.66%
valuable forests
Romania | Afforestation 1,5 29300 5.12%
Landscape Transformation of Vulnerable Forest 270
Portugal | Territories 16600 2.35%
Fuel management lanes - primary network 120
construction of the Centre for Seed, Nursery and 6.18

Forest Protection
Slovenia 2505 2.16%
Greater wood processing for a faster transition to a

. . 48
climate-neutral society
Finland Climate action in the land use sector 30 2100 1.43%
Greece National Reforestation Plan 224 30500 0.73%
France Adaptat!on of forests to climate change, forest 150 39400 0.38%
restoration
Germany Investcment f.or. the development of wood 70 25600 0.27%
sustainable building
Investment on built forests resistant to climate 0.34
Czechia | change ' 7100 0.17%
Water retention in forests 11.8

*  from: https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-
facility_en

4.3.1. Clustering of the member states

The cluster analysis has been implemented to assess if the analysed countries present some
clusters, which are capable to highlight the different behaviour of the MS in including the
forestry sector in their NRRPs. The implementation of the Hierarchical Clustering on Principal
Components revealed the presence of three different clusters, illustrated in Figure 4.1. The
forest-related themes (variables) that resulted significant in describing the clusters (with a <
0.05) were, in order of significance, biodiversity, circular bioeconomy, innovation, sustainable
forestry, climate mitigation, FES provision/enhancement, climate adaptation/natural hazard

prevention.
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Figure 4.1. Clustering of the Member States according to the forest-related themes included in the NRRPs

The first cluster comprises Belgium, Bulgaria, Croatia, Cyprus, Denmark, Greece, Hungary,

Italy, Poland, Romania, Spain, and Sweden. The cluster is determined more by the absence of

some of the significant variables, than that by their presence. Indeed, the majority of these

countries are characterised by the absence of themes such as circular bioeconomy,

innovation, climate mitigation, and sustainable forestry (Table 4.4).

Table 4.4. Clusters description

Cluster | Forestry Theme Cla/Mod | Mod/Cla | Global | p.value v.test

Circular Bioeconomy=0 85.71 100 85.71 | 0.000140726 | 3.806889

1 Innovation=0 91.67 91.67 91.67 | 0.000188666 | 3.733729
Climate Mitigation=0 81.82 75 81.82 | 0.015939169 | 2.410305
Sustainable Forestry=0 76.92 83.33 76.92 | 0.018133569 | 2.362879
Biodiversity=0 80 100 80 0.000683527 | 3.396103

2 Innovation=1 40 100 40 0.028708134 | 2.187471
FES provision=0 40 100 40 0.028708134 | 2.187471
Sustainable Forestry=1 66.67 100 66.67 | 0.001125809 | 3.257039
Climate Mitigation=1 54.55 100 54.55 | 0.00619195 | 2.73744

3 Circular Bioeconomy=1 62.50 83.33 62.50 | 0.011258092 | 2.534584
Climate Adaptation=1 42.86 100 42.86 | 0.040247678 | 2.051198
Innovation=1 50 83.33 50 0.046158176 | 1.993944

Differently, clusters 2 and 3 are determined by the presence of significant themes in

NRRPs.
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Indeed, the second cluster is characterised by countries where the mention of innovation and
the absence of topics such as biodiversity and FES provision/enhancement, resulted
significant in differentiating their Plans from the ones of the others MS. The countries
embedded in this cluster are Estonia, Germany, Latvia, and Lithuania. It is important here to
underline that they are not the only MS where innovation has been mentioned, but where it
resulted significant according to the other mentioned variables.

Within this cluster, forest innovation has been addressed mainly to process, production and
small and medium enterprises (SME) improvement. Lithuania stressed the topic of start-up
and SME support, while Latvia introduced innovation as necessary for the amelioration of
wood-related products, technologies, and processes. The concept of social innovation was
also presented in Latvian NRRP and was addressed to the increase of sector productivity and
resource efficiency. Finally, Estonia in its NRRP underlined the necessity to introduce
technological innovation to be capable to valorise bio-resources, being efficient and improving
products value-added. Also in Estonia was underlindes the importance of incentivising SME
in innovation.

Within this cluster, it is possible to characterise forest innovation as necessary to improve

forest products and related technologies.

Innovation, jointly with the absence of biodiversity and FES related themes, are the significant
variable for the cluster establishment. Thus, it could be possible to characterise this cluster as
represented by those countries that will allocate NRRP funds towards provisioning FES
without direct and explicit attention to more environmental components, represented by

biodiversity and FES (regulating and cultural FES).

Finally, the third cluster comprises Czechia, Finland, France, Portugal, Slovakia, and Slovenia.
As shown in table 4.4, the significant variables depicting the cluster are the presence within
the NRRPs of actions related to sustainable forestry, climate mitigation, circular bioeconomy,
climate adaptation/natural hazards prevention, and innovation. Differently from the previous
cluster, in this one the innovation involves a large spectrum of actions. For instance, in Finland
innovation is addressed to forest management towards precision forestry, an approach
capable to support the improvement of carbon sequestration. Portugal has higher attention
in apport innovation to improve local conditions, to fight forest fires, and to ameliorate bio-

based products. Slovakia stated the willingness to introduce novel strategies to decarbonise
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its economy, similarly to Slovenia, which in addition will innovate to reduce the negative

environmental impacts of the supply chain and support SME.

A deeper analysis and explanation of the clusters is depicted within the discussion section

(section 4.4).

4.4 Discussion

It is evident from table 4.1 that there is a certain heterogeneity in the way the forestry sector
has been integrated by the EU Member States. In only four cases there is no explicit mention
of the forestry sector (Austria, Ireland, Luxembourg, Malta). The other MS are
homogeneously distributed in mentioning it both directly and indirectly, with 11 MS

integrating the forestry sector directly and the other 11 mentioning it indirectly.

Among the countries that do not mention forests at all, Austria, Luxembourg and Ireland are
forested countries, with respectively a forest cover of 47%, 37%, and 11% (FAO, 2020). Austria
disposes of a dynamic forest industry, forest-related jobs in Luxembourg reach up to 24% of
the total employment in the northern province, while Ireland has designed innovative finance
solutions for the forestry sector such as the Irish Sustainable Forestry Fund®®. The fact that
these three countries have not included the forestry sector in their NRRP is surprising at first
glance. A hypothesis is that current resources available at a national level for the sector
suffice, and NRRPs resources would be better used in less supported sectors. For example,
while Luxembourg is engaged in wood-based innovations through its Wood Cluster?® with the
development of a digital interface to connect the local wood demand and offer, it does not
use the NRRP resources for economic digitalisation for this, also probably because internal

domestic resources are sufficient to cover the costs of such an initiative.

Among the countries that mentioned forests directly in their NRRPs with a dedicated chapter,
section, or investment programme, one can observe very different rationales from one
country to another.These mainly depending on the challenges that the forest sector in the
country is facing. For instance, Sweden, investment in the protection of valuable nature and

forest ecosystems is being characterised by a very active and industrial-oriented forest

19 http://www.siff.ie/
20 https://www.luxinnovation.lu/cluster/luxembourg-wood-cluster/
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management. France, Finland, the Czech Republic, and Romania insist on the importance of
adapting forest ecosystems to climate change increasing ecosystems resilience, while
Germany promotes wood-based construction as part of a bioeconomy development. Slovenia
also underlines the importance of improving the national wood value chain to facilitate the
transition to a circular bioeconomy. Cyprus, Portugal, and Greece clearly identify forest fires
prevention and fighting as a priority.Indeed, this seems logical for countries exposed to the
climate risks of the Mediterranean region and affected by land abandonment and

fragmentation issues.

The forestry sector in NRRPs is addressed in a diversity of ways, and the analysis with key
themes (table 4.2) shows different trends. For example, the links between forests,
biodiversity, and ecosystem services are quite present, as well as with rural development and
climate change adaptation. Even though climate mitigation is mentioned in several NRRPs it
seems the biggest priority is put on the need to adapt forests to climate change, and to
promote forests as a way to build more resilient territories, including in the context of natural
hazards. The importance of forests for green jobs is mentioned in less than 50% of the NRRPs

while the role of the sector for job creation is well known (UNECE & FAO, 2020).

Forest innovation and bioeconomy are emerging topics of interest in NRRPs that resonates
with the efforts to promote such fields of work at EU levels (e.g. through the Circular
Bioeconomy Alliance?! , Knowledge Centre for Bioeconomy?? and research programmes from
the Joint Research Centre?3). Innovation is an important forest-related theme in some NRRPs.
Several MS clearly mention the willingness to introduce innovative approaches to their
forestry sector. It addresses a variety of topics, from the technological innovation to support
precision forestry (Finland) and improve energy efficiency (Slovenia), to social innovation

mentioned in Latvia to sustain the productivity increase of the sector.

A further novel element that was expected to be found, due to the increase of social and
policy attention on this topic, was the introduction of Payment for Ecosystem Services

schemes. Indeed, the funds deriving from the NRRP could be a good opportunity to sustain

21 https://efi.int/cba
22 https://knowledge4policy.ec.europa.eu/bioeconomy_en
2 https://publications.jrc.ec.europa.eu/repository/handle/JRC120324
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this innovative and well-studied instrument and to spread its implementation. By contrast,
support to payments for ecosystem services is rarely mentioned in the NRRPs. Further
investigations can help the understanding of this finding. Indeed, it could be that PES have
been not introduced because there are still present difficulties in designing and implementing
them. Or MS are not aware of PES's potentiality in facing the main challenges that the forest
sector is facing. Another explanation can be linked to the main objectives of the NRRP in the
short term: increase the MS’ GDP and have a positive impact on the employment rate. Further

research is needed to understand the role of PES in these two aspects.

Furthermore, the mention of National Forest Funds was present just in a case (Romania). Such
mechanisms, despite being quite rare in EU countries, represent good opportunities to
channel incentives and financial resources directly to local beneficiaries, thus increasing local
ownership of forest projects and activities. In the new EU forest strategy, it is mentioned that
the EU commission “is exploring how to facilitate the use of national funds for forestry
measures and target them better for ecosystem services” (EC, 2021). This is a positive signal

that could be supported further by NRRPs.

Finally, table 4.3 highlights that when forest-related interventions are integrated into NRRPs,
they benefit from a limited portion of the NRRPs budgets. Sweden and Romania result to be
the countries that allocated the highest portion of their budget in forestry, respectively more
than 7% and 5% of the budgets. Meanwhile most other countries show a proportion between
2.35% and 0.17%. In the case of Sweden, the state is planning to establish new protected
areas through the purchase of forest properties and the compensation to local forest owners
who will lose the possibility to manage their forest for economic purposes (Sweden RRP,
2021). Such a policy has significant costs given the opportunity costs of forest exploitation. In
Romania, the forest cover accounts for 29% of the country land, with an optimal percentage
of 40% (Romanian RRP, 2021). Plans are in place to restore forests being degraded (mainly
because of illegal logging and climate change). Restoration and afforestation projects,
combined with efforts to improve forest health and adapt to climate will turn quite costly

(Romanian RRP, 2021).
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4.4.1 Description of the member states' attitude

The outcomes of the cluster analysis reveal an interesting picture of the different behaviours

present at the European level concerning forest-related themes and forest innovation.

Observing the description of the cluster according to the themes present in the plans (Table
4.5) it is possible to clearly identify the high presence, or absence, of other themes in addition

to the ones significant for cluster delineation.

A first distinction can be done observing the innovation column in table 4.5, which represents
the attitude to innovate of the MS. Two groups can be distinguished, countries that are more
conservative and are not prone to innovate (cluster 1) and, countries where the attitude to
innovate (cluster 2 and cluster 3) is evident. Within these last clusters it is possible to observe
a further distinction. The second cluster was determined by the absence of themes such as
biodiversity and FES (Table 4.4) Moreover,we illustrated that innovation within this cluster is
mainly addressed to improvement of products, processes, and related technologies, depicting
clear attention towards the productive aspect of the forestry sector-oriented mainly towards
provisioning FES. Differently, the third clusters reveal higher attention for the environmental
and multifunctional aspects of the sector. Indeed, the countries characterising this cluster
reserve high attention to biodiversity, FES, but also climate mitigation and adaptation, and
sustainable forestry (table 4.5). In addition, the theme of the circular bioeconomy is well
represented. In the NRRP of the countries of this last cluster are also present the principal
topics that received attention from the latest European Strategies (e.g. Biodiversity Strategy,

Forest strategy, Farm to Fork Strategy).

Coming back to cluster 1 it is possible to notice how it has a more inward-looking orientation.
For instance, cluster 3 resulted to be sensible to the current and urgent challenges we have
to face globally,stating in their NRRP that they will act in that direction. Conversely, countries
in cluster 1 seem to address their actions in the opposite way. They will face the current
challenges with a more national perspective. To make this statement we observed the
behaviour of these MS. The themes more related to the last European strategies mentioned
above are only slightly present (i.e. circular bioeconomy, ecological transition, climate
mitigation, and sustainable forestry). Themes related to biodiversity are widely present jointly

with the ones concerned with rural development. In addition, it is also interesting to observe
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the differences among the presence within the NRRPs of actions related to climate adaptation
and climate mitigation. These last are just slightly represented while climate adaptation is
highly represented. Indeed, climate adaptation is intended to improve forest resilience that
has an impact on local communities, and consequently on rural development. In addition to

the improvement of the national forestry sector, these MS have a further outward attention.

The last element that is interesting to highlight is the characterisation by direct and indirect
mention within the clusters (table 4.5). Indeed, when considering cluster 1 no relevant
information appears. Thus the characterisation of cluster 2 and 3 results evident. In cluster 2
the majority of the countries indirectly mentioned the forest sectors (3 out of 4). Oppositely,
cluster 3 is characterised by countries that directly mentioned the sector (5 out of 6)

underlying their proactive attitude in considering the forest sector and investing in it.
Summarising, the three clusters can be identified as follow:

Cluster 1 — Traditional and more conservative countries.
This cluster is characterised by MS addressing more conventional themes, allocating funds
from NRRP to local development strategies more than dealing with challenges impacting a

larger scale.

Cluster 2 — Innovative countries supporting more traditional forestry (provisioning FES).
This cluster is characterised by MS that are willing to innovate through NRRP funds. This
innovation is addressed to the support of the more traditional FES: provisioning wood-related

FES, improving their production innovating processes and technologies.

Cluster 3 - Innovative and active countries supporting forests multifunctionality (regulating
and cultural FES).

This cluster is characterised by MS that are willing to innovate through NRRP funds. This
innovation is addressed to support forest multifunctionality: regulating and cultural FES.
Moreover, the environmental component of the sector is more present in this cluster,

underlying its multisectoral attention.

Because in this paper we are considering the allocation of EU funds we can make a parallelism
with the Rural Development Program (RDP). Whether RDP is considered as the Business as

Usual (BaU) through which the MS can support their national agro-sylvo-pastoral systems, the
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actions introduces within the NRRPs underline the additional attentions and exigence of the
MS in addition to the BaU. The themes related to the forestry sector that are presented in the
NRRPs highlight the deficiency of the BaU in addressing the exigence of the MS. Despite this
interpretation, it is necessary to further explore its rationale. The two financing programmes
have different rules and timespan. Nevertheless, the forest-related themes highlighted within
the NRRPs could represent the areas, within the forest sectors, that require higher attention
and investments. Indeed, the attitude of the member states that appears from the NRRPs
analysis can be considered as a proxy to identify those sectors that each MS will enforce and

improve, and that are not already covered by national funds or measures.

Building on the present analysis, a few recommendations for policy-makers can be derived,

for example in view of a possible resubmission or improvement of NRRPs in the future:

Take stock of the diversity of approaches for integrating forests in NRRPs considering
lessons learned and good practices from other EU countries.
= Consider existing national forest strategies and policies, as well as the new EU forest
strategy, to align key orientations with the content of NRRPs.
=  Promote multiple forest ecosystem services, introducing innovative practices to support
both public and private forest owners in their provision.
= Recognise the role of the forestry sector for a wood-based bioeconomy as a catalyst for
green jobs creation and ensuring a resilient development of rural areas.
=  Support the use of payment of ecosystem services schemes and of relevant domestic
funds as ways to channel NRRPs resources to local beneficiaries and forest stakeholders.
=  Promote EU-level dialogues on the importance of forests in NRRPs, and help mainstream
the forestry sector in the plans and strategies of key ministries, in particular the Finance
Ministries.
Key organisations at the EU level may have a critical role to facilitate such policy processes

and dialogues, such as (among others) ForestEurope?, the European Forest Institute (EFI)%,

the Confederation of European Forest Owners (CEPF)2®, and the European State Forest

24 https://foresteurope.org/
25 https://efi.int/
26 https://www.cepf-eu.org/
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Association (EUSTAFOR)?. It can be expected that they would be driving forces to ensure

NRRPs include forests adequately in NRRPs.

4.5 Concluding remarks

Our study focused only on the strategies coming from NRRPs. The outcomes of the research,
and specifically, of the clusters analysis NRRPs, do not pretend to characterise the whole
policies of the EU MS but want to describe the trend appearing once extra funds are allocated.
Further research could include i) additional national-level analysis, to assess more in detail
the linkages between national contexts and the forest-related content of the NRRPs, ii)
further assessment of the trends in geo-climatic regions with similar forest-related issues.
Such advanced research work could help identify tailor-made recommendations at the
country level on how to better integrate forests in NRRPs, while promoting regional or sub-
regional cooperation between EU MS with similar geoclimatic conditions. This effort may also
turn positive in view of the EU forest strategy implementation and to address some of the
challenges ahead at the EU level. Indeed, it is proven that more than half of EU countries are
prone to desertification (EU, 2018) and forests have surely a role to play to counterbalance
this aggravating trend. While the UN Decade on Ecosystem Restoration has started, the EU
has an opportunity to bring a significant restoration contribution to the world. To maximize
positive impacts all financing solutions should be seized, and NRRPs represent one of the best

opportunities going forward.

27 https://eustafor.eu/
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Table 4.5. Clusters description according to the forest-related themes present on the member states’ NRRPs

Green Adaptation/ uban | o
Country Mention _Circular revolution/ G.reen Rural natural (Eli_mat.e Biodiversity Sustainable FES provision/ | Nature- and Innovation

bioeconomy ecolo.gl.cal jobs Development hazard Mitigation Forestry enhancement Base.d women

transition prevention solution inclusion
Belgium Direct 0 0 1 0 1 0 1 0 1 1 0 0
Bulgaria Indirect 0 0 1 1 1 1 0 1 0 0 0
Croatia Indirect 0 0 0 1 0 0 1 0 0 0 0 0
Cyprus Direct 0 0 0 0 1 1 1 0 0 0 0 0
Denmark Indirect 0 0 0 0 0 1 1 0 0 1 0 0
Greece Direct 0 0 1 1 1 0 1 0 1 0 0 0
Hungary Indirect 0 0 0 1 1 0 1 0 0 0 0 0
Italy Indirect 0 0 0 1 0 0 1 0 1 1 0 1
Poland Indirect 0 0 0 1 0 0 0 0 1 0 0 0
Romania Direct 0 0 0 0 1 0 1 1 0 1 0 0
Spain Indirect 0 0 0 1 1 0 1 1 1 0 1 0
Sweden Direct 0 1 0 0 0 0 1 0 1 0 1 0
Estonia Indirect 1 1 0 0 0 1 0 0 0 0 0 1
Germany Direct 1 0 1 0 0 1 0 1 0 0 0 1
Latvia Indirect 0 1 0 0 1 0 0 0 0 0 0 1
Lithuania Indirect 1 0 0 0 0 0 0 0 0 0 0 1
Czechia Direct 0 1 0 1 1 1 1 1 1 0 0 0
Finland Direct 1 0 0 0 1 1 1 1 1 0 0 1
France Direct 1 0 0 1 1 1 1 1 1 0 0 1
Portugal Direct 1 0 1 1 1 1 1 1 1 0 0 1
Slovakia Indirect 1 1 1 0 1 1 1 1 1 1 0 1
Slovenia Direct 1 1 1 0 1 1 1 1 0 0 0 1
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5. Concluding remarks and recommendations

The present chapter presents the final overview of the dissertation integrating the main
findings of the papers. It is structured in 3 sections. The initial section (subchapter 5.1)
describes the main theoretical contributions of the research implemented within the three
papers, describing their main contributions. Section 5.2 discusses the limitations encountered
in the three papers and the possible directions for future research. Finally, section 5.3

provides policy recommendations merging the outcomes of the three papers.
5.1 Theoretical contribution

This dissertation focuses on innovation in forestry. It explored different approaches
(economic, social, and policy) to provide a broader overview. During the research design,
different frameworks and classifications have been developed to meet the research’s specific

objectives.

Two frameworks have been developed and tested for the purpose of paper I. More
specifically, a first framework was built to systematise information about the main features
of those innovative experiences able to support FES provision and enhancement. It merged
two already existing frameworks developed to analyse Payment for Ecosystem Services (PES)
schemes (Sattler et al., 2013 and Leonardi, 2015). Furthermore it has been adapted to include
a more diversified typology of innovative mechanisms. It includes the possibility to gather
ecosystem-related and organisational information, but also data referring to the forest
ecosystem services targeted, and the innovativeness introduced by the cases analysed. These
features are essential for a comprehensive understanding of the innovative mechanisms.
Indeed, the framework can be a useful tool to continuously systematise and collect these
experiences implemented in the European context That is because it can describe how
innovation evolves in the continent and in which direction it proceeds. Furthermore, a visual
map was built from the inventory allowing an easier consultation of the found cases
(sincereforests.eu?®). With the representation of the innovative experiences within the forest
sector, our inventory has the potential to catalyse the best practices to support private and

public forest owners to manage their forests. It can also be a practical and helpful support for

28 https://sincereforests.eu/innovation/innovation-inventory-map/
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policy-makers and private actors, to stimulate strategies and to involve further stakeholders
in supporting FES provision and enhancement.

The second framework developed under paper | aims to support the detection and analysis
of the innovation types introduced by the innovative mechanism cases. Different
classifications of innovation exist in literature, whichrefer mainly to other sectors (e.g.
Schumpeter, 1942; Sawhney et al., 2006; Edwards-Schachter, 2018). Regarding the forest
sector, despite a literature review describing the innovations for FES securing (Maier et al.,
2021) having been recently published, a detailed classification oriented specifically to the
forest sector, especially to those mechanisms designed to support FES, is not present.. The
framework developed can be considered as a first attempt to organise the available
information about the depiction of innovation within the forest sector, with a strong
orientation toward FES. The framework will support the comprehension of the novelties
introduced by experiences aimed to reduce the gap between the provision and the demand
of FES. Both frameworks have been developed and tested within the European context but
they have the potential to be used in analysing worldwide experiences without any

geographical restriction.

Considering the study implemented in a national context (paper Il), the analysis of the Italian
forest management associations has resulted in a classification that attempted to categorise
the associative models present in the national territory. Each category has been identified
and described according to different criteria such as the associations’ aim, members,
innovativeness, territory, and regulatory framework. These categorisations could allow to
prioritize the more suitable associative models according to the regulatory system, the needs,
and the settled objectives. For instance, if the association establishment wills to benefit the
whole community toward forest management addressed to the provision of a range of
different ecosystem services, then the community cooperatives could be the most
appropriated associative model. Differently, if the aim is to support a wood-related value-
chain, involving the direct stakeholders, then the most appropriate associative model could

be the consortium.

In paper lll a specific methodology has not been developed. Nevertheless, its relevance relies
on the outcomes obtained. The analysis of the member states’ NRRP reveals their different

attitude, allowing the distinction of three different groups: more traditional countries
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managing the forest sector more conventionally, and more innovative oriented countries.
Within these most innovative countries, a further distinction can be made. If on the one hand
some member states support more traditional forest management addressed mainly to
traditional FES (provisioning FES). On the other hand, differentmember states address
innovation towards more multifunctional forest management integrating also regulating and

cultural FES.

5.2 Limitation and recommendations for future research

This subchapter describes the limitations of the research and provides indications for future

research. These are presented for the three papers separately.

In paper |, the first limitation is related to the intrinsic characterisation of the IM cases.
Indeed, because of their innovative character, it was not possible to consult exclusively
scientific literature for their collection, since they have not yet been fully analysed and
studied. Another limitation related to data collection regards the process of experts
consultation. Indeed, the experts consulted within the H2020 project SINCERE did not cover
all the European countries. This limited the integration of the inventory for some countries.
Connected to this, also the languages and the keywords used have influenced the ability to
gather the needed data.

Dealing with innovation was challenging from the beginning. Its conceptualisation can be
highly interpretable, limiting the possibility of including cases that might have been suitable
to the research objectives. The development of the framework to identify and classify the
different types of innovation was done to respond to this need.

If on the one hand the heterogeneity of the data found allowed us to describe a high diversity
of cases, on the other hand, it limited the implementation of more robust statistical methods
(e.g. regressions). Indeed, the number of features considered within the framework to
analyse IM cases is high and the consequent dispersion of the data resulted in a small
representation of the cases within the different categories. The aggregation of the data was
considered, but it would have required major simplifications. For this reason, in order to
implement different statistical analyses, the dataset should be enriched with a higher number

of cases. This improvement can lead to understand, for instance, the statistical relationship
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between the different policy tools implemented and the FES targeted, hence providing more
robust indications.

One of the outcomes of the MCA has been the link between new social organisations and the
provision of bundled FES. This positive relation has not been further analysed in more detail.
Its exploration could cast light on the best associative models capable to target specific

bundles of FES.

Paper Il investigated forest management associations in Italy and the regulatory framework
that supports their establishment. After the paper was written, a new regulation was
promulged: the Forest Agreements (D.L.N. 77/2021), which provides for the promotion and
development of business networks for forests and FES valorisation.

The analysis of the effects of this new regulation on forest associations' establishment in the
different Italian Regions can be a valuable direction for future research. The role of forest
associations in supporting the achievement of the Italian Forest Act’s priorities concerning
FES provision, can be further investigated. Future studies can also explore the occurrence of
forest associations in different countries by implementing the same methodology.
Consequently, the classification of associative models can be extended and adapted to
different contexts, thus providing a wider panorama of the existing associative models at the
international level. Further research could also address the analysis of the link between the
different associative models and the targeted FES. Which associative models better target the
provision of specific FES and or a bundle of them?

Similarly, the investigation of the role that the community cooperatives could have within the
forest sector could be deepened. Lastly, an interesting development of this research could
further analyse the factors that enable or hinder the establishment of different associative

models.

The principal limitation of paper lll lies in the local languages used within the NRRPs. Indeed,
each member state presented its plan in its original language, hence the use of translated
keywords was necessary. This methodology could have negatively affected the full
comprehension of the texts. The selected keywords were identified to cover the
completeness of words capable to detect the portion of the text connected with forest-
related themes. Despite this, we cannot exclude the possibility that in some cases they were

not able to identify all the mentions of forest-related concepts, especially for the cases where
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forestry was indirectly mentioned. Unfortunately, to deeply investigate the NRRPs the
knowledge of the original languages would be necessary, or alternatively, the translation of
the original plans in English.

Directions for future research have been already highlighted within the paper: future analysis
comparing member states’ policy choices according to the bioclimatic regions in which they
are located, or to the forest types and conditions, can improve the understanding of current

strategies but also set a basis for future exchanges of best practices.

5.3 Recommendation for policymakers

Based on the results of the three papers, this section highlights the main recommendations
addressed to those policy-makers that will undertake actions to stimulate the adoption of
innovative approaches that provide and enhance forest ecosystem services towards forest

management:

= Toencourage the provision of bundles of forest ecosystem services stimulating private
and public forest owners and managers to adopt novel practices also by promoting
the establishment of social organisations.
= To recognise the role of the different social organisations as innovative actors able to
play an important role in supporting forest ecosystem services provision and to
support their establishment both legally and financially.
= To stimulate and promote the establishment of Public-Private Partnerships. They are
not largely implemented but have a high potential in introducing innovative practices
in forest ecosystem services provision.
= To consider the fundamental role of the local initiatives within forest-related policies.
These experiences are capable of better targeting societal needs and challenges and
should be inserted in a network that allows them to exchange positive and negative
outcomes of their implementation processes.
= To provide support for coordination among different:
- experiences, to share lessons learnt and best practices improving their
possibility to be scalable in different regional contexts;
- policies, to effectively spur and sustain the provision and enhancement

of forest ecosystem services;
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- stakeholders, to increase the social benefits of the initiatives

implemented.

A separate recommendation that | would like to add refers to the availability of the EC official
documents presented by the member states, although knowing that probably its feasibility is
limited. The presence of these official documents, such as the National Recovery and
Resilience Plans, in the most recognised international languages —i.e., English —, could highly
support the study and analysis of the latter allowing their cross-comparison and stimulating

further investigations at a more international scale.

5.4 References

Edwards-Schachter, M. (2018). The nature and variety of innovation. International Journal of Innovation Studies. 2, 65-79.

Knickel, K. and Maréchal, A. (2018). Stimulating the social and environmental benefits of agriculture and forestry: An EU-
based comparative analysis, Land Use Policy, Vol. 73, Pages 320-330, ISSN 0264-8377,
https://doi.org/10.1016/j.landusepol.2017.12.064.

Leonardi, A. (2015). Characterizing Governance and Benefits of Payments for Watershed Services in Europe. Ph.D.
Dissertation, Universita degli Studi di Padova, Padova, Italy, 30 January 2015. Available online:
http://paduaresearch.cab.unipd.it/7832/

Maier, C., Hebermehl, W., Grossmann, C.M., Loft, L., Mann, C., Hernandez-Morcillo, M. (2021). Innovations for securing
forest ecosystem service provision in Europe — A systematic literature review, Ecosystem Services, Vol. 52, 101374,
ISSN 2212-0416, https://doi.org/10.1016/j.ecoser.2021.101374.

Sattler, C., Trampnau, S., Schomers, S., Meyer, C., Matzdorf, B., (2013). Multi-classification of payments for ecosystem
services: How do classification characteristics relate to overall PES success? Ecosyst. Serv. 6, 31-45.

https://doi.org/10.1016/j.ecoser.2013.09.007.

Sawhney, M., Wolcott, R. C., & Arroniz, |. (2006). The 12 Different Ways for Companies to Innovate. MIT Sloan Management
Review, 47 (3), 1-18. http://doi.org/10.1109/EMR.2007.329139

Schumpeter, J.A. (1942). Capitalism, Socialism and Democracy, 3rd edition, London: George Allen and Unwin, 1976

92



Part Il: Collaborative Manuscripts

93



Paper IV has been written in collaboration with other experts form two funded EU Horizon
2020 projects: SINCERE and InnoForESt. My contribution, described in Table 1.1, was to
participate to the scanning exercise, mainly in the economic area, and being active on the
discussions regarding the others analysed areas. | contributed also on data analysis and on
the review of the manuscript. The paper aims to explore the main challenges that hinder a
sustainable provision of forest ecosystem services and the possible solutions to overcame

them.
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Abstract

Forests are key components of European multifunctional landscapes and supply numerous
forest ecosystem services (FES) fundamental to human well-being. The sustainable provision
of FES has the potential to provide responses to major societal challenges, such as climate
change, biodiversity loss, or rural development. To identify suitable strategies for the future
sustenance of FES, we performed a solution scanning exercise with a group of
transdisciplinary forest and FES experts from different European regions. We identified and
prioritized fifteen major challenges hindering the balanced provision of FES and identified a
series of potential solutions to tackle each of them. The most prominent challenges referred
to the increase of extreme weather events and the normative mindset of forest management.
The respective solutions pointed to the promotion of forest resilience via climate-smart
forestry and mainstreaming FES-oriented management in a threefold strategy: education,
awareness raising, and networking. Most solutions were assessed as highly effective,
transferable, and susceptible to being monitored over time, while none of them were
evaluated as being economically inefficient. The implementation of the solutions could have
potential synergistic effects when applying the notion of leverage points. Seven emerging
pathways towards the sustainable supply of FES have been identified. These pathways build
on each other and are organized from the one with the greatest to the least transformational
potential: (1) shifting forest management paradigms towards pluralistic ecosystem valuation;
(2) using integrated landscape approaches; (3) increasing forest resilience; (4) coordinating
actions between forest-related actors; (5) increasing participation in forest planning and
management; (6) continuous, open, and transparent knowledge integration; and (7) using
incentive-based instruments to support regulating and cultural FES. These pathways can
contribute information to the implementation of the new EU Forestry Strategy to support the

balanced delivery of multiple FES.

Keywords: European forests; ecosystem services; sustainability; solution scanning; leverage

points; EU Forestry Strategy
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Introduction

European forests are ecosystems that deliver manifold benefits to society via so-called Forest
Ecosystem Services (FES) (Orsi et al. 2020). They sequester carbon, protect soils and water
basins, provide income opportunities, and contribute to the general wellbeing of rural and
urban inhabitants. Furthermore, forests provide renewable resources that offer alternatives
to fossil-fuel based products, thus contributing to climate change mitigation (Forest Europe
2020). However, at the same time the resilience of forests and the provision of FES
are increasingly challenged by numerous external and internal drivers such as climate change,
which threatens almost 60% of European forests by increasing their vulnerability to
windstormes, fires, and pest infestations (Forzieri et al. 2021), or diverging societal demands
ranging from an increased production of wood or biofuel to the promotion of wilderness for

recreational purposes (EEA, 2016).

To navigate these challenges, it is imperative that forests are sustainably managed so they
can continue being part of the solution to mitigate climate change, biodiversity loss, or to
control epidemic outbreaks (Swaddle and Calos 2008; Khalil et al. 2016), while maintaining a
crucial role in the efforts towards a more sustainable society and economy in Europe
(Wolfslehner et al. 2020). Sustainable management is at the core of the European Union’s
(EU) forest policy (EC 2013). The last EU Forest Strategy already highlighted the importance
of “balancing various forest functions, meeting demands, and delivering vital ecosystem
services”. It called for supporting protection and management efforts aimed at maintaining,
enhancing, and restoring the resilience and multi-functionality of forest ecosystems for both
urban and rural areas (EC 2013). Various studies have highlighted the importance of
multifunctional management for safeguarding different forest functions (Wolf and Primmer
2006; Gustafsson et al. 2012; Benz et al. 2020); meanwhile, the paradigm of multifunctionality
has been strongly embedded in forest policies at global and EU levels (EC 2013). In addition,
forest products and services are increasingly an inherent and integrated element of many
other policy sectors, ranging from energy to food production to conservation and public

health (Aznar-Sanchez et al. 2018).
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Yet, there is a mismatch between the biophysical supply and the political demands of different

FES across Europe, inducing a bias towards timber provision (Primmer et al. 2021).

Strategies for a broad supply of FES often entail competing objectives (Lazdinis et al. 2019).
Besides, the disproportionated focus on biomass production especially in large parts of
central and north Europe, baulk the potential development of other FES initiatives. These
conflicting demands can be due to the fact that most actions impacting forest landscapes are
primarily associated with policy areas and interests outside the forestry sector. As a result,
some forest objectives are torn between different sectoral interests whenever new targets

evolve outside the forestry sector (Sotirov et al. 2016).

The current sustainability challenges for European forests demand innovative solutions for
which the renewal of EU policy frameworks, such as the new EU Green Deal and Forestry
Strategy, offers emerging opportunities. To support the development and implementation of
the new European Forest Strategy, it is fundamental to have clarity on the challenges
hindering the sustainable provision of multiple FES and scan the most effective solutions.
While a plethora of information exists about the measures needed to ensure the provision of
specific services such as wood or biomass, no comprehensive effort has been made to identify
the best solutions with a potential to overcome the impediments in the supply of cultural or

regulating FES in Europe.

To shed light on this issue, we conducted a solution scanning exercise with experts working
in different fields of science, policy, and practice in the European forestry sector. Three

specific research questions were addressed in this study:

What are the most pressing challenges hindering the sustainable provision of multiple FES in

Europe?

Which are the most effective solutions to overcome those challenges?

How can the solutions be logically implemented so their transformational potential is

maximized?

Materials and methods

97



In this study, we applied an extended version of the solution scanning method. Solution
scanning has been increasingly used in the past years to identify specific solutions for a
particular problem (Sutherland et al. 2014). Solution scanning follows a stepwise
methodology to identify a set of actions, interventions, or approaches that respond to a
specific challenge. This can be useful to point out potential policy interventions in decision-
making processes but also for setting research agendas (Dicks et al. 2017). In this method an
objective is firstly defined, which in most cases emerges from specific societal demands (Pullin
et al. 2013). Then, a group of experts are asked to identify courses of action they know from
their own experience can leverage the system towards the stated goal. Finally, the proposed
solutions are listed and distributed to the same experts to be assessed and prioritized

according to given criteria (Hernandez-Morcillo et al. 2018).

Our solution scanning exercise was structured in three phases (Figure 1). The first phase of
the process consisted of the identification of the challenges hampering the sustainable
provision of FES in Europe. To that end, an exploratory survey was distributed in November
2020 among all expert participants in the study (S 1). The survey was structured along a series
of open questions which inquired about the most pressing challenges affecting the
sustainable provision of FES in Europe across five thematic areas: economy, environment,
socio-culture, management, and governance. Additionally, the survey assessed key
knowledge gaps required to address these challenges. The answers of the survey were
analyzed and synthesized by the coordination team. As a result, three challenges were
merged and another three eliminated as they were considered out of the scope of this
exercise. The remaining 36 challenges were structured and bundled according to the thematic
areas. Prior to the next phase, the list of challenges was shared among all participants to

identify potentially uncovered relevant challenges.
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Solution Scanning Process

1. Phase 2. Phase 3. Phase
November 2020 December 2020 January 2021
Exploratory Surve Solution Scanning
E Ty Survey Workshop Prioritization Survey
Aim: Identification of the itz o) i iRtem sl . L .
characterization of challenges. Aim: Prioritization of solutions

challenges
b) Development of solutions

Urgency-impact analysis
Analysis and synthesis Majority voting Ranking solutions
Solutions development

15 Challenges Top-10
36 Challenges 24 Solutions Solutions
Challenges Solutions

Figure 1. Workflow of the solution scanning exercise.

In the second phase, a two-day participatory solution scanning workshop was organized in
December 2020. The aim of the workshop was to prioritize the challenges identified in the
first phase and develop strategic solutions for the most relevant ones. The participants were
divided into smaller groups of three to five individuals, and distributed across the five
thematic areas (economy, environment, socio-culture, management, and governance) based
on their expertise. On the first day, each thematic group prioritized and characterized the
respective subsets of thematic challenges resulting from the exploratory survey. The
prioritization included, for each challenge, a general assessment of the urgency (how
immediately this challenge needs to be tackled), their impact (degree to which solving this
challenge would contribute to the sustainable supply of multiple FES in Europe), the types of
FES affected, scale, and the inter-relations between each of these challenges and all the
thematic areas. Accordingly, each thematic group reduced the list of challenges to the five
most relevant. At the end of the first day, the number of challenges was reduced through a
series of anonymous majority voting rounds in plenary to the three most pressing challenges
for each thematic area. During the second day, the thematic groups reconvened to formulate
and characterize strategic solutions for each of the three selected challenges. The
characterization consisted of a description of the solution, detailing its level of

implementation, a time frame, and the resources needed for implementation.
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During the third phase, the identified solutions were evaluated in an online survey distributed
again to all participants in January 2021 (S 2). The respondents rated each solution according
to five different criteria of optimal solutions, adapted from the concept report on climate
policy mix optimality (Gorlach 2013) (see Box 1) using a five point Likert scale (from 1=very

little to 5=very much).

BOX 1. Criteria for solution assessment

Social-ecological effectiveness: the degree to which the solution respects the natural

and social environment and/or improves it.

Economic efficiency: the degree to which the resources needed for implementing the

solution are allocated to their most valuable uses and waste is avoided.

Readiness: the degree to which the solution can be implemented in the shortest period

of time.

Feasibility: the degree to which the solution can be successfully implemented.

Transferability potential: the degree to which the solution can be transferred to other

European contexts.

The participants in the solution scanning process were 24 experts from academia, policy, and
practice working directly on FES in Europe. Several participants were related to the EU Horizon
2020 funded projects, SINCERE and InnoForESt, both dealing with the promotion of FES-
related innovations. One representative of each project composed the coordination team in
charge of selecting the experts, designing the method, analyzing the data, and coordinating
the synthesis process. The implementation of the solution scanning exercise was supported
by a team of three facilitators selected among partners from both projects. In relation to the
composition of the expert participants, particular attention was paid to balance backgrounds

between academia and practice, disciplines, geographic foci, seniority level, and gender (S 3).

Most of the selected experts worked at scientific organizations at the interface between

science, policy, and practice (41%). The covered areas of knowledge of the forestry sector
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were broad, including experts on forest ecosystem services governance and innovation, urban

forestry, European forest policy, and forest owner representatives. Partly because the

coordination of both Horizon 2020 projects is based in Germany, most of the participants

worked at German organizations (41%). However, seven other European countries were also

represented in the exercise by Spain, Italy, Austria, Belgium, Switzerland, Finland, and

Sweden. Gender balance was achieved and consciously maintained along the process. Finally,

the notion of leverage points understood as areas of a system where actions can be

implemented to induce deep changes (Abson et al. 2017; Dorninger et al. 2020) was used to

organize the strategic solutions into powerful pathways of intervention according to their

potential to transform the forestry sector.

Results

The most pressing challenges for the sustainable provision of FES

After the prioritization process, 15 challenges were selected, three per thematic area, based

on their urgency and impact (Table 1).

Table 1. Definition of the final selected challenges for each sustainability area.

extension, frequency, and
impacts of pests and

diseases in forest habitats

Area Challenge Definition
Climatic change results in an increase of extreme weather events
regarding the frequency/intensity impacting the response of forest to
Challenge 1. Increasing climatic variability (e.g., storms, droughts, and rainfall). It affects the
frequency and intensity of susceptibility to wildfires as well as forest health, functionality, and FES
extreme weather events provision all around Europe. Despite the inherent resilience of European
forests, the induced changes in forest structure, composition, and thus
:,:: ecological functioning could be irreversible.
g Due to climate change, forests are increasingly vulnerable to pests and
2 Challenge 2. Increasing
E diseases, as seen in the extent of recent bark beetle infestations.

Especially less adapted are forest dominated by mono-culture structured
stands with a higher density of trees, resulting in a lower provision of all

FES at a European scale.

Challenge 3. Fragmentation

of forest habitats

Land use change, growing infrastructure, and built-up areas result in
fragmented forest structures, habitat quality decline, and negative

impacts on biodiversity. The lack of connectivity especially affects forest
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dependent and endemic species, while the lack of spatial continuity

hinders FES provision.

Challenge 4. Narrow focus
and normative mindset on

forest management

Traditional and often normative mindsets on forest management are
focused on timber and biomass production especially in central and north
European regions. Biodiversity and other FES such as cultural or
regulating services could be affected by this challenge. Integrating all
forest functions and socio-cultural dimensions is key for preserving

healthy ecosystems, local cultures, knowledge, and values.

Forests are undergoing continuous changes in environmental, social, or

political conditions that demand an adaptive approach. The lack of

forestry sector

g Challenge 5. Lack of adapted management decreases forest resilience to rapid changes
£
o adaptive forest affecting people and forests in specific contexts. Continuous monitoring
©
g management practices and flexible adapted forest management practices are challenging to
implement, due to strict administrative conditions, lack of resources, and
the absence of suitable knowledge among other factors.
There is a lack of information on specific FES, especially regulating or
cultural services on the biophysical supply and societal demand across
Challenge 6. Unknown European countries. Information about the FES flows, synergies, trade-
demand and supply of FES offs, and bundles is precarious. Some services are often absent in policy
discussions and decisions (e.g., cultural FES). Additionally, the accessibility
of specific FES can be affected by barriers inducing social inequality.
Support to cover losses from, and adaptation towards natural hazards are
deficient to non-existent. This challenge particularly affects forest
Challenge 7. Insufficient
owners’ capacities to take the risk of investing in innovations, specially
financial support to
when there is no guarantee of receiving sufficient revenue or at least
changing conditions
mitigating losses. Facing periodic natural hazards without financial
support exposes forest owners to unbearable risky conditions.
These power asymmetries are generally influenced by a reduced number
= Challenge 8. Economic
£ of actors, who take decisions, control, and direct the markets through
) power asymmetries among
S something legitimate and not pernicious itself, but on many occasions
w actors in the European

operate regardless of the negative externalities of intensive wood/timber

production.

Challenge 9. Lack of
efficient economic
instruments and business
models for regulating and

cultural FES

Efficient economic instruments and business models capable of
recognizing and promoting regulating and cultural FES are scarce to non-
existent in Europe. This also affects non-wood forest products,

particularly those of public good character provided by forests in Europe.
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Many forest owners are motivated to provide those services, but the lack

of economic based incentives impede actions to this aim.

Challenge 10. Lack of
coordination and
competition among

different policy sectors

This challenge occurs across all administrative levels and policy sectors
especially those with contradicting goals affecting forest owners. Taking
simple decisions on planning and management activities often becomes
an ordeal. This could lead to irreversible changes in FES provision,
depending on the importance and urgency of policies and decisions to be

made.

Forest planning and management decisions are often made despite the

Q
(%}
c Challenge 11. Lack of effects that could impact several actors far beyond forest owners,
f=
E’ representation of key managers, or policy makers. There is almost no space (vertically or
)
© stakeholders in forest horizontally) for participation of other members of the wider community
management decision of potential beneficiaries (e.g., local communities) in the decision-making
process on the provision and use of FES.
Challenge 12. Tensions and Planning and management decisions in public forests are particularly
mismatching expectations complex. Mismatching expectations about the role of public forests might
about the role of public emerge, either as a strategic profitable resource on the one hand and/or
forests as public goods with the public mandate to provide FES on the other.
This challenge focuses on the multiplicity of social-cultural values
associated with FES as well as the difficulties of identification,
Challenge 13. Diminished
prioritization, and integration in forest planning and management. This is
diverging perceptions of
particularly true for the recognition of marginalized indigenous peoples
forest values by society
and traditional communities and the associated risk of vanishing forest-
related forms of knowledge and livelihoods.
The conflicts between FES providers and beneficiaries may arise due to
diverging interests, demands and rights. On most occasions, private
g owners are expected to supply a series of public goods without any
= Challenge 14. Conflicts
s incentive. This incentive is not only or necessarily an economic issue
o between FES providers and
= about rewarding the provision of FES. It is to the same extent a
] beneficiaries

communication and conceptual issue about understanding public-private
relationships, power structures, and interests that regulate the use,

provision, and access to forests and forest resources.

Challenge 15. Rural
migration and impacts on

rural areas

European rural areas are increasingly experiencing migratory flows to
cities leading to a lack of generational turnover in the forestry sector
and/or abandonment of forested lands. The challenge is to build and
support forest owners and local networks, to launch initiatives, and

revitalize rural populations. Additionally, a trend of urban dwellers
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moving to the countryside exists, which might have other priorities that

might not be related to engaging with forest-related economic activities.

Figure 2 displays the prioritization of these 15 most important challenges based on the expert
group perception of their urgency and impact. Most of the prioritized challenges were
classified as being urgent and having a high impact. The increasing extension, frequency, and
impacts of pests and diseases (Ch. 2), the tensions and mismatching expectations about the
role of public forests (Ch. 12), and the diminished diverging perceptions of forest values by
society (Ch. 13) were the challenges perceived by the experts as those that should be most
immediately tackled and whose resolution would hold the maximum potential to contribute
to the sustainable supply of multiple FES in Europe. Challenges referring to the fragmentation
of forest habitats (Ch. 3), lack of efficient economic instruments (Ch. 9), and lack of
coordination among policy sectors (Ch. 10) were considered as having a medium impact due
to the fact that solving these challenges would contribute to the sustainable supply of
multiple FES although over a longer period of time. The increasing frequency and intensity of
extreme weather events (Ch.1) was considered as the least urgent challenge, meaning that it

would be occurring during a longer time frame, although having the biggest impact.

Urgency

High

Medium

Low

Low ‘ Medium ‘ High Impact

Figure 2. Prioritization of challenges based on urgency and impact. The colours correspond to five different
areas of sustainability (green=environment, brown=socio-culture, grey=economy, blue=management,

orange=governance); the numbers correspond to the challenges identified (Table 1).
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The most suitable solutions to improve the sustainable provision of FES

To address the 15 challenges, a total of 24 solutions were identified by the team of experts
(see S4 for a detailed description of all the solutions). The suitability of each solution was
subsequently assessed and ranked based on the following six criteria: social-ecological
effectiveness, economic efficiency, readiness, feasibility, and transferability potential (Box 1).
Table 2 shows the prioritized challenges per thematic area with the respective solutions and
the final ranking. The social-ecological effectiveness, respecting the human-environmental
contexts, and the transferability potential to other contexts were the strongest traits shared
by the proposed solutions. In contrast, the readiness, or the short-term implementation
potential and the feasibility, understood as the potential for its successful implementation,
were generally the weakest traits. After summing up the rankings of all the different criteria

for all solutions, the top ten solutions were obtained and are presented in the next section.
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Table 2. Solutions to foster sustainable FES provision in European forests. The colours indicate the degree to which each solution fulfils the implementation criteria

(white=very low; light grey=low; grey=normal; dark grey=high; black=very high). Bold font indicates the ten highest ranked solutions.

Socio-Ecological
Effectiveness

g Challenge Solution
<
Solution 1 - Promotion of climate-smart forestry
and forest resilience
Challenge 1. Increasing
frequency and . i . i
. . Solution 2 - Improved integration of regulating
intensity of extreme L. .
forest ecosystem services in local and regional
weather events .
planning
e}
[=
Q
€
[=
2
2 | Challenge 2. Increasing . . X L
] . Solution 3 - Strategic regional coordination
extension, frequency, .
. between forestry stakeholders to join forces
and impacts of events . . . .
. . against biological and environmental threats
in forest habitats
Solution 4 - Systematic and comprehensive
Challenge 3: implementation of environmental assessments
Fragmentation of considering multiple scales and cumulative
forest habitats effects of forest fragmentation on FES at
landscape level
Challenge 4. Narrow . i . .
- . Solution 5 - Mainstreaming FES-oriented
c | focus and normative . .
‘é’ . management in a threefold strategy: education,
S | mindset on forest . .
o awareness raising, and networking
® | management
g Solution 6 - Develop adaptive strategies to

sustain multiple FES based on regional scenarios
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Economic
efficiency

Readiness

Ascertain.
Monitoring

Feasibility

Transfer.

potential

Rank

16

13




Challenge 5. Lack of
adaptive forest
management practices

Solution 7 - Ensuring diversity at the different
levels (genetic, species, and forest)

Challenge 6. Unknown
demand and supply of
FES

Solution 8 - Establishment of regional
observatories for capturing societal FES demand
and supply

Economy

Challenge 7.
Insufficient financial
support to changing
conditions

Solution 9 - Foster investments into FES
oriented forest management to increase
resilience (prevention and adaptation) towards
natural hazards

Solution 10 - Increase availability, volume, and
accessibility of supporting financial instruments
to cover losses from natural hazards

Challenge 8. Economic
power asymmetries in
the forestry sector

Solution 11 - Support economic instruments and
business models promoting regulating and
cultural FES with consistent policies

Solution 12 - Alignment of finances and
administration of different sectors

Challenge 9. Lack of
efficient economic
instruments and
business models for
regulating and cultural
FES

Solution 13 — Improvement of the adaptation of
business models to particular contexts of
implementation

Solution 14 - Systematic monitoring and social-
ecological impact assessment of economic
instruments

Governance

Challenge 10. Lack of
coordination and
competition among
different policy sectors

Solution.15 - Vertical and horizontal
orchestration of the administration

Solution 16 - Clear and stable delineation of
power and responsibilities

Challenge 11. Lack of
representation of key

Solution 17 - Generation of spaces for
stakeholders’ engagement and representation in
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stakeholders in forest
decisions

decision making processes in cooperative and
participative approaches

Challenge 12. Tensions
and mismatching
expectations about the
role of public forests

Solution 18 - Community engagement for
participatory decision-making in management
approaches in public forests to respond to
societal demands, while embracing innovations
towards improved management and efficiency
in the use of forest resources

Solution 19 - Integration of all actors in
participatory decision making about
management goals of public forest lands

Solution 20 - Streamline public forest
management organization and administration
following the principles of the private forestry
sector

Socio-culture

Challenge 13.
Diminished divergence
in perceptions of forest
values by society

Solution 21 - Implementation of practices for
(re)connecting people with forests

Solution 22 - Strengthening of the recognition,
identification, and integration of social-cultural
values in forest management, governance, and
research

Challenge 14. Conflicts
between FES providers
and beneficiaries

Solution 23 - New forms of communication and
interaction between society and FES providers
with a focus on public forests

Challenge 15. Rural
migration and impacts
on rural areas

Solution 24 - Capacity building as a tool to
prevent abandonment and promote generational
turnover in the forestry sector
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The top ten solutions for the sustainable provision of FES in Europe

Top 1. Promotion of climate-smart forestry and forest resilience

Sustainability Area: Environment; Challenge 1 - Increasing frequency and intensity of

extreme weather events

Climate-smart forestry is a targeted approach to manage forests in response to climate
change (Bowditch et al. 2020). It aims to increase the climate regulation benefits from forests
and the forestry sector, in a way that creates synergies with other societal needs related to
forests. It is a large-s cale strategy which unfolds in three main lines of action: the
enhancement of natural regeneration and avoidance of deforestation; active forest
management; and adaptive forest management to build resilient forests (Nabuurs et al. 2018;
Verkerk et al. 2020). For example, a recent analysis along a climate gradient across Europe
showed that the higher resilience and resistance to drought events happened in mixed stands
compared to monospecific with higher benefits in conifer-broadleaved stands (Pardos et al.
2021). Here, forest resilience considers the maintenance of regimes and the adaptive capacity
of forests as a coupled human-natural system in the face of drivers of change (Nikinmaa et al.
2020). As such, climate-smart forestry strives beyond storing carbon to mitigate climate
change and generate synergies with other FES and biodiversity. The implementation of this
solution needs to carefully consider the different regional contexts in Europe to identify the
most cost-effective management options. It would also require sustained commitment as the

benefits from this solution would only emerge in a mid-long term.

Top 2. Mainstreaming FES-oriented management in a threefold strategy: education,

awareness raising, and networking

Sustainability Area: Management; Challenge 4 - Narrow focus and normative mindset on

forest management

This solution invites broadening the often narrow perspective of forest management focused
on the timber and biomass production of highly productive stands (Jonsson and Snall 2020)
with the help of education and information strategies. In particular, this could be done by

diversifying education at the administration and university level (Nair 2004), fostering
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knowledge transfer to forest operators (Perera et al. 2006), starting and reinforcing social
campaigns to make visible the multiple services of forest, and developing and enabling long
lasting cross-sectorial networks (Guerrero and Hansen 2021). Although this solution requires
long-term commitment and significant attitudinal change within and beyond the forestry
sector (shifting management goals, seeking long term instead of short-term benefits, or
changing contractual arrangements) before its effects become apparent, this solution has the
potential to largely generate synergistic and long-lasting effects over forest management in
Europe. To tackle complex challenges and developing opportunities for innovation at EU level,
collaboration can be enhanced through existing European Innovations Partnership (EIP)
operational groups on forest and EU projects through multi-actor approaches such as
InnoForESt and SINCERE. Moreover, in the light of the new EU CAP, Agricultural Knowledge,
and Innovation Systems (AKIS) are key to support the share of knowledge and innovative

applications more intensively.

Top 3. Fostering investments into FES oriented forest management to increase resilience

(prevention and adaptation) towards natural hazards

Sustainability Area: Economy; Challenge 7 - Insufficient financial support to changing

conditions

Investing in increasing forest resilience (Nikinmaa et al. 2020) is key for ensuring the
prevention and adaptation towards natural hazards and ensuring the sustainable provision of
FES (Keenan 2015; Lecina-Diaz et al. 2021). After assessing the redundancies and ambiguities
of forest-related investments, local to regional forestry together with nature conservation
administrations levels should oversee articulating and administering these investments. This
should be implemented and monitored in a short-medium term to ensure that they foster
sustainable solutions with regard to multiple forest functions. This support needs to be
continuous and outcome-oriented by designing policies that consider spatial targeting to FES
density, threats and cost levels, payment differentiation, and improved conditionality
(Wunder et al. 2020). This solution requires an integrated forest policy that addresses various
system dimensions in terms of policy sectors and administrative levels, including both local
and landscape-level land uses with indicators oriented towards minimizing socio-ecological

damages and losses (Moreira et al. 2020).
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Top 4. Support economic instruments and business models promoting regulating and

cultural FES with consistent policies

Sustainability Area: Economy; Challenge 8 - Economic power asymmetries in the forestry

sector

Effective economic instruments as well as business models that contribute to the sustainable
provision of FES (particularly for regulating and cultural FES) should be consistently supported
by cross-scale European and national policies similar to those in place for timber and biomass
production (Wunder et al. 2019). This could be achieved through, on the one hand, nested
multi-scale policies (Ostrom 1990) and, on the other hand, a strategy of making available and
advertising successful business models along with the key features leading to their success to
allow their replication elsewhere. In relation to incentive-based and result-based payments
for ecosystem services (PES) schemes, it is important to target forest owners of those forest
areas that show a) high levels of FES supply (e. g., high carbon stocks/ha or endemic
biodiversity hotspots), and b) areas with high potential risks (e.g., high threat of deforestation
and degradation). This strategy would focus PES in areas where they can realistically make a

difference (Borner et al. 2020; Wunder et al. 2020).

Top 5. Community engagement for participatory decision-making in management
approaches in public forests to respond to societal demands, while embracing innovations

towards improved management and efficiency in the use of forest resources

Sustainability Area: Governance; Challenge 12 - Tensions and mismatching expectations about

the role of public forests

This solution strategy promotes participatory forest management overcoming outdated
management approaches that do not respond to current societal demands and larger social-
ecological challenges (such as biodiversity loss or climate change). These strategies are often
coupled with a philosophy of embracing innovations towards improved forest management
for the provision of FES bundles, especially for regulating and cultural FES, for the promotion
of ecological and societal transformation, and for the sustainable use of public goods. Public

forests would be used as niches of innovation (Geels 2005) of, for example, public-private

111



partnerships or novel actor alliances to improve the provision of regulating and cultural FES
or enhance non-wood forest product (NWFP) value chains. Public forests would act as
‘incubation rooms’ for radical novelties, providing locations for learning processes, and spaces
to build the social networks which support innovation. Initiatives and innovations would be
carefully addressed so that public resources do not end up creating exclusively private
benefits, but rather improving local economies with a share of benefits re-invested in

improved forest management.

Top 6. Implementation of practices for (re)connecting people with forests

Sustainability Area: Socio-culture; Challenge 13 — Diminished diverging perceptions of forest

values by society

Understanding forests as a mean to solve economic problems is a reductionist standpoint. In
the pursuit of sustainable forest management, increased identification and inclusion of
cultural bonds is crucial. To achieve a deeper understanding of the mutual constitution of the
society-forest relation, it is also necessary to recognize the multi-layered spectrum of forests’
contributions (Ritter and Dauksta 2013). Mainstreaming forest models that (re)connect
people and forests (like forest kindergartens and forest schools) is crucial. Increasing studies
show the perceived linkages of people to spiritual and cultural values in forests that are not
necessarily related to livelihoods (Rodriguez-Morales et al. 2020; Torralba et al. 2020). In
parallel, there is a need to strengthen the social and cultural sciences in FES assessments with
a clearer representation of non-material values (Jacobs et al. 2016) and more-than-human

thinking (Whatmore 2006).

Top 7. New forms of communication and interaction between society and FES providers with

a focus on public goods

Sustainability Area: Socio-culture; Challenge 14 - Conflicts between FES providers and

beneficiaries

When forests provide more regulating or cultural services than provisioning services,
governance mechanisms are key to maintaining the supply of FES, especially in private owned

forests. To overcome the lack of markets to deal with public goods and services, social support
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is needed to finance the expenses which keep the sustainable forest management ongoing;
this is especially important in situations where management is key to guarantee the provision
flow of these goods and services, but where these are under high threat (e.g., wildfire risk in
the Mediterranean region that increases with the lack of active forest management).
European studies of public perception (Rametsteiner et al. 2009) have revealed that forestry
issues are not well understood outside the forestry community and have suggested that
improving communication to the general public is essential. Management goals and
objectives must be identified and communicated on the short as well as long term, a wide
variety of channels should be used, messages should be simple and clear, and collaboration
with other organizations (agriculture, wood construction, etc.) should be enhanced. The joint
effort with media professionals would lead to more successful results. In parallel, further
research into the public perception of forests and forestry is needed to define targeted

communication strategies (Fabra-Crespo and Rojas-Briales 2015).

Top 8. Improved integration of regulating forest ecosystem services in local and regional

planning

Sustainability Area: Environment; Challenge 1 - Increasing frequency and intensity of

extreme weather events

This solution proposes that forest planning authorities consider to a larger extend those
specific strategies that have been proven to enhance regulating services such as watershed
protection, erosion prevention, or flood control, for example by promoting mixed forest
stands of uneven ages (Bravo-Oviedo 2018; Felipe-Lucia et al. 2018). These should be
economically supported to cover the opportunity costs needed to restructure forests. Such
measures, like PES, already exist in some settings worldwide with different degrees of success
(Wunder et al. 2020). The implementation of PES has been polarized between pro-market and
anti-neoliberal arguments. A political—cultural reconceptualization should be achieved to
attain their potential while ensuring an improved environmental governance, (Van Hecken et
al. 2015). Moreover, PES implementation may encounter obstacles hampering the promotion
of regulating FES and impeding the improvement of the socioeconomic situation of forest-
dependant communities and stakeholders. Some of these obstacles are on the social side, the

lack of know how, insecure property rights, and problematic benefits distribution, on the
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market side, the adverse PES s elf-selection, inadequate administrative targeting, and
enforced conditionality (Pagiola et al. 2005; Wunder et al. 2020). There is a large potential for

the adaptation of these experiences to the European context.

Top 9. Strategic regional coordination between forestry stakeholders to join forces against

biological and environmental threats

Sustainability Area: Environment; Challenge 2 - Increasing extension, frequency and impacts

of events in forest habitats

This solution proposes the regional-level implementation of coordinated actions and
monitoring strategies. Risk can be assessed using analytical techniques that account for
threats both spatially and temporally. Subsequently, risk-management strategies need to
account more fully for multi level responses that act to balance conflicting interests between
stakeholder organizations concerned within the managed and natural environments (Mills et
al. 2011). These strategies would integrate private and public forest owners together with the
regional-national administration and other sectors depending on the context (e.g., nature
conservation, local communities), and backed with national support. The objective would be
to share knowledge about affected areas and to join forces for specific forest interventions,
increasing the readiness, monitoring capacity, and hence increasing the resilience of the
system to these perturbations. An example comes from some regions in the Mediterranean,
where civil society engage in wildfires extinction through volunteer groupings (Gérriz-Mifsud
et al. 2019). Coordination strategies would need to be specifically adapted to each individual
context, as its transferability can be hampered by the heterogeneous systems of management

and governance in Europe.

Top 10. Increase availability, volume, and accessibility of supporting financial instruments

to cover losses from natural hazards

Sustainability Area: Economy; Challenge 7 - Insufficient financial support to changing

conditions

The current natural hazards require planning and management strategies that increase forest

capacity for adaptive transformation. It could provide an opportunity to steer the objectives
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of forest management towards a more sustainable and less production-oriented model. To
be efficient, financial instruments need to be conditional upon sustainable practices that
ensure a diverse FES provision, while being adapted to the different realities existing in the
European forestry sector. This could be achieved by dedicating part of existing economic
support (e.g., EU rural development fund, common agricultural policy, other regional/local
funds) for business model implementation to its adaptation to each specific context,
refocusing for example on forest protection measures (Alliance Environnement EEIG 2017)
and encouraging the use of result-based schemes to potentially increase the impact of the
funding, while linking the business model with a positive and measurable impact on the FES
provision (ECA 2020). Within this scheme, a requirement for eligibility to receive funds would
be the direct link between the business model and a positive impact FES provision (Wunder

et al. 2018; Ovando et al. 2019).

Discussion

European forests are exposed to fundamental and interconnected threats that put many
forest ecosystem services that are vital for human wellbeing at risk. At the same time, various
national and EU-wide policies are rapidly emerging in Europe, which try to solve pressing
societal challenges with a forward-looking view on FES potential (Primmer et al., 2021). A
diagnosis focused on FES provision, integrating different perspectives from science, policy,
and practice is crucial to understand where the flaws of forest socio-economic systems are so

that solutions can be strategically designed and implemented.

Deep and shallow leverage solutions

Most of the proposed solutions were considered as highly effective, transferable, and
susceptible of being monitored over time, while none of them were evaluated as
economically inefficient by the team of experts. However, more than half of the proposed
solutions were considered not to be yet ready for implementation or currently feasible. This
is particularly relevant for those solutions that imply a multilevel governance component
and/or coordination among vertical and horizontal levels of actors (e.g., solutions 5 and 21).
These types of solutions would normally require long-term commitment, institutional

changes, and socio- political will (e.g., solutions 18, 24). Furthermore, they directly or
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indirectly interfere with long-established cultural elements or strong economic interests (e.g.,
solution 12). These solutions can be considered as aiming for or being dependent on larger,
perhaps even fundamental system changes which require the alteration of existing

paradigms, institutions (such as policies but also mindsets), and actors’ behaviours.

A closer look at the solutions’ definitions and prioritization suggests a possible sequence of
implementation. Inspired on the notion of leverage points, where solutions can induce
shallow or deep changes (Abson et al. 2017; Dorninger et al. 2020), we could arrange the
prioritized solutions according to their potential to solve the challenges for the sustainable
provision of FES. While there are some low-hanging fruits, which could be easily
implemented, some of the proposed solutions require a longer and more sustained effort due
to their profound transformative potential and respective resistance. Advances towards the
implementation of the former, which could be seen as encompassing fundamentally
paradigm change solutions, would smooth the way for the later, which could be seen as
managerial solutions. This is best illustrated with the highest ranked solutions. The strategic
solution of “mainstreaming FES oriented management in a threefold strategy: education,
awareness, and networking” is focused on changing mindsets towards an integrated multiple
FES thinking and has the potential to shift the classic market-oriented economic rationale that
reinforces a timber production-oriented paradigm. Similarly, the solution of the “promotion
of climate-smart and resilient forest” is fundamental to ensure the adaptation of existing
forests to the conditions and disturbance regimes associated to climate change so that they
can continue to provide FES services. This solution is the precondition for targeting several

economic, socio-cultural, and environmental challenges.

Due to the complexity inherent of the forestry sector and the entangled character of the
challenges, the proposed solutions are highly interconnected, which pledges for a need of
system change across all sectors, levels, and actors. A paradigm shift affecting institutions,
academia, and forestry administrations is needed to go beyond forest biomass production

and leverage the costs induced by investing into regulating and cultural FES.

The seven pathways towards sustainable FES supply
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Many of the solutions have synergistic effects if they are combined and implemented in an
orchestrated manner according to their capacity to enable transformation. For example, the
integration of social-ecological values proposed in solution 21, could benefit to and from the
regional observatories proposed in solution 8. By looking into the elements that are at the
core of each individual solution, we propose seven emerging pathways on which European
forest policies should focus in the middle and far future to ensure the sustainable supply of
multiple FES. These strategic pathways could collectively build the backbone of European
forest policy implementation. Although all of them are relevant, they can be distinguished by
their capacity to leverage change in European forest and to secure the supply of multiple FES
in relation to future disturbances and social-ecological changes (Fig. 3). Collectively, the seven
identified strategic pathways can be seen as being in a hierarchical order, where the paradigm
shift forms the basis for a deep forestry system transformation, which then allows for system-

based management strategies up to concrete measures.

Changing production focused forest management paradigm towards pluralistic ecosystem

valuation (Core element of solutions 6, 11, 22, 23, and 24)

Decision-making processes affecting FES provision need to embrace broader views,
preferences, and values from a multi-actor perspective. Expanding the focus towards
regulating, cultural, and supporting FES and understanding their valuation from a pluralistic
and integrative point of view would advance the (re)connection between people and nature.
Forestry education at all levels, forest management, and policies need to pursue a shift from
the single consideration of instrumental values, to increasingly consider intrinsic and specially

relational value dimensions (Chan et al. 2016; Jacobs et al. 2016).

Using integrated landscape approaches to adapt the solutions to local-regional contexts

(Core element of solutions 1, 2, 5, 7, and 10)

Due to the inherent heterogeneity of European forests, future policies need to embrace the
context-specificity of forest social-ecological dynamics, and use the landscape scale as the
most appropriate one to address the multi-scalar pressures on forests (Opdam et al. 2018). A

landscape scale provides the framework to orchestrate problems related to improving
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coordination and transparency in decision making processes (Termorshuizen and Opdam

2009; Sayer et al. 2013).

Increasing forest resilience to boost forest multifunctionality (Core element of solutions 3,

8, 13, 14, and 23)

Forest policies and interventions should focus on ensuring the balanced provision of multiple
ecosystem services. Integrated landscape solutions promoting forest resilience and
multifunctionality should therefore be at the forefront of these policies. It is fundamental to
increase European forest resilience by balancing intensive management to ensure adaptation
to fluctuating climatic conditions. As recently observed by Pohjanmis et al. (2021) in boreal
forests, multifunctionality is substantially diminished under intensive forestry and recovers

slower, the longer the intensive forestry has been operating.

Coordinating actions between forest-related actors (Core element of solutions 4, 5, 12, 15,

and 16)

The lack of coordination across forestry stakeholders and among different administrative
levels can currently be considered an entrenched problem in the European forestry context
(Winkel and Sotirov 2016). However, its disentanglement is a requirement for the successful
implementation of any forest policy. Once a multifunctional view on forests is emerging and
impregnated through educational programmes and policies, the forest institutional and social

fabric would be better disposed to implement coordinated actions.

Increasing participation from a larger diversity of stakeholders during forest planning and
management, with a focus on public forests (Core element of solutions 5, 7, 17, 18, 20, and

22)

Greater levels of participation from the public into forest management decision making is at
the essence of several solutions. To do so, forest policies should increasingly promote
participation in multi-level governance models (Muradian and Rival 2013) by using for
example collaborative digital tools, and capitalize from ongoing and former initiatives
engaged in the provision of FES and nature models that have proved successful in ecosystem

management and conservation (Armitage et al. 2020).
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Continuing, open and transparent knowledge integration from different stakeholders,

disciplines, and policy sectors (Core element of solutions 5, 6, 9, and 21)

Translating sustainable management policy objectives into action on the ground has been
described as a “wicked problem” (Duckett et al. 2016). This leverage area is fundamental to
establish a fluid dialog to value and to integrate perspectives from “outsiders” disciplines and
sectors affecting forests. To do so, several solutions point towards the use of inter- and
transdisciplinary approaches as a way to integrate available knowledge and to create

ownership for problems and solution options (Lang et al. 2012).

Using incentive-based instruments to support regulating and cultural FES (Core element of

solutions 2, 8, 11, 13, and 14)

PES and PES-like schemes are currently scarce in Europe. An increased role for PES could
manifest itself through government-financed PES (e.g., through flexible reforms of the
Common Agricultural Policy), or through user-financed PES in those areas where there is

sufficient willingness to pay for a specific FES (Wunder et al. 2020).

Increasing participation

Coordinating among forest actors

Increasing forest resilience

Capacity to leverage change

Using integrated landscape approaches

Figure 3. Seven strategic pathways for the sustainable supply of FES in Europe.

Methodological reflections

This solution scanning exercise synthesizes the currently fragmented views on forests
challenges and targets suitable solutions to foster the sustainable provision of FES. The

beforehand organization of the exercise into three well-defined phases allows a clear and
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transparent communication among the coordinators and experts, facilitating a smooth
iterative process. Due to COVID-19 restrictions, the participatory process was conducted
entirely online. Adapting the workshops to a digital format has been an opportunity to explore
creative ways to advance teamwork, like improving outcomes from group work processes via
designated reporters, enhanced interaction among participants through regular group and
individual exchange spaces, and keeping the motivation up by integrating periodic interactive
games. Two important aspects of this sequential participatory method have been the regular
communication with the group, the use of preparatory materials before each workshop
through two surveys, and the presentation of the state of the work at the beginning of each

session.

Conclusions

Emerging EU policy frameworks such as the New Green Deal and the Forestry Strategy offer
a unique opportunity to serve as catalysts for solving the challenges hindering the sustainable
supply of FES. To support this endeavour, the scanning exercise presented here not only
disentangles the most pressing challenges in all sustainability areas but also offers a set of
prioritized solutions to each of those challenges. Just as the assessed hindrances affect each
other, similarly the strategic solutions can be used synergistically. This way, like concentric
levels of mutually supportive implementation (Figure 3), a paradigm shift to better integrate
pluralistic values of forests in a more balanced way would sustain the rest of the strategic
solutions. Next, increasing forest resilience through integrated landscape approaches should
be prioritized followed by strategies promoting coordinated, inclusive, and transparent
decision processes. While the multifunctional forest paradigm gains momentum, the forest's
biophysical conditions enable the balanced supply of FES and the social fabric of forest
governance is more cohesive, it is possible to sustain a prosperous environment for incentive-

based mechanisms to flourish.
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Abstract

This paper analyses the occurrence of governance innovations for forest ecosystem service
(FES) provision in the forestry sector in Europe and the factors that influence innovation
development. Based on a European-wide online survey, public and private forest owners and
managers representing different property sizes indicate what type of governance innovation
activities they engage in, and why. To investigate forestry innovations as systems, the analysis
focuses on biophysical, social and technical factors influencing innovation development. Our
results show that most innovation activities are largely oriented towards biomass production.
Accordingly, most forest owners implement efficiency-driven optimisation strategies for
forest management and technological improvement for provisioning service supply, to
generate income. In contrast, the provision of regulating and cultural services is not yet a
prominent part of forestry innovation activities. Reasons are rooted in a market-oriented
economic rationale focusing on timber production, which is related to a lack of financial
resources to compensate for other FES provision or institutions to provide backup and
security to forest owners and managers for engaging in innovation development outside
wood production. If other FES beyond timber provision shall be provided, new forms of
communication, cooperation and financing are needed. Given that the provision of a wide
range of FES is a politically well-established objective for forest management in Europe, a
strategy is needed that helps to align actors and sectors for supporting related forest
management approaches and business models. The current revision of the forest related
policy framework on EU level under the EU Green deal poses a window of opportunity for

better fostering novel governance approaches for more sustainable FES provision.

Keywords Forest ecosystem services; forest governance; governance innovation; enabling

factors; European forests; forest ownership
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Introduction

European forests have multiple functions and provide a range of forest ecosystem services
(FES) to society (Garcia-Nieto et al., 2013; Saarikoski et al., 2018; Orsi et al., 2020). Yet, how
this broad range of FES is being produced and how governance and innovation could
effectively support the sustainable provision of FES has received less attention in forest
science and policy. One reason is the traditional focus of professional forest management
systems on increasing the efficiency of timber and biomass production (Winkel and Sotirov,
2016; Nichiforel et al., 2020). Indeed, standardized forestry practices and uniform forest
management structures prevail, even when policy goals are directed towards multi-
functionality (Puettmann et al., 2012; Sotirov and Storch, 2018; Sutherland and Huttunen,
2018; Aggestam et al., 2020).

Coinciding with intensified primary production processes, socio-political demand for the
broad range of non-timber FES has grown, in particular for habitat provision, carbon
sequestration and scenic beauty (Ranacher et al., 2017; Primmer et al., 2021). This has
resulted in shifting focus in forest management approaches and policy objectives towards
sustained flows of goods and services, beneficiaries’ values and ecological functions (e.g.,
Bauhus et al., 2017a; Borrass et al., 2017; Grassi et al., 2017; Kleemann et al., 2020). These
expanding expectations build on notions of sustainable forest management and
multifunctional forest management. These have been institutionalised as a core forest policy
paradigm and practice in many European countries (e.g., Messier et al., 2019; Sotirov et al.,
2014), seeking to integrate timber production with a range of regulating and cultural
ecosystem services (e.g., Winkel et al., 2011). However, to date, forest management decisions
in most regions of Europe are heavily based on financial returns from timber production (as
marketable products) and wood prices rather than the delivery of additional non-timber
ecosystem services (Coll et al., 2018; Quine et al., 2013). Against this background it remains
unanswered as to how novel and innovative ways of ecosystem service provision can be

promoted and what context factors constrain or enable such innovations and vice versa.

Various aspects of forest governance in Europe pose challenges for institutional adjustments.
One challenge to providing regulating and cultural forest ecosystem services lies in their

character of being public goods and common-pool resources (e.g., Farley and Costanza, 2010).
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FES such as water regulation, air filtration, or recreation are largely non-rival (Nichiforel et al.,
2018), and users cannot be (easily) excluded from their consumption. Markets thus fail to
determine their value and forest management approaches and reference systems can easily
overlook such services. Examples of this are biodiversity conservation (Gamfeldt et al., 2013),
climate change mitigation (Grassi et al., 2017), and cultural and recreational benefits
(Plieninger et al., 2015). This often leads to their under-provision and/or under-valuation in
many private and public forest management regimes (e.g., Dwyer et al., 2015). Another
challenge is that the forestry sector is shaped by a range of policies besides forest policy, such
as agriculture, energy, nature conservation, climate protection, and rural development (e.g.,
Winkel and Sotirov, 2016; Primmer et al., 2021). These sectors and their formal systems of
rules are only partially aligned, leading to conflicts in objectives and management decisions
for FES provision (Sotirov and Arts, 2018; Sotirov and Storch, 2018). For instance, it is hardly
possible to achieve high carbon storage in a forest stand as part of a climate mitigation
strategy, increase forest biodiversity as part of a Biodiversity Strategy, and simultaneously
increase timber harvest as part of a National Policy Strategy on Bioeconomy (Bartkowski et

al., 2015; Borys et al., 2016; Temperli et al., 2017).

As diverse as forest administrative levels and policy sectors are forest ownership structures.
Approximately 40% of European forests are public or state-owned, while nearly 60% is
private. One result of the heterogeneous ownership structure is differences in management
priorities, ranging from a primary focus on timber production to the management of forest
for urban population recreation or nature conservation purposes. Forest owner goals and
types of forest owners vary across Europe and also within each institutional context, yet with
some forest owner types across contexts associating with multifunctionality (Ficko et al.,
2019). This diversity results in variation in the expectations that forest owners have for

governance (Lawrence et al., 2020).

Due to the public good character of many FES, the institutional complexity, and variation in
forest ownership and forest owner goals, governing the range of FES requires new and
innovative approaches for coordination. In the past decades, various governance approaches
emerged throughout Europe that support the provision of non-marketable FES or bundles
thereof. These include for example changing silvicultural practices to more close-to-nature
management or improving species mix in the stands (e.g., Puettmann et al., 2012; Bauhus et
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al., 2017a; Krumm et al., 2020), but also the establishment of collaborative forest owner
associations or forest policy processes (Primmer, 2011; Bowditch et al., 2020), the setup of
certification systems, and the design of payment schemes for ecosystem services (Zivojinovi¢
et al., 2015). Often these governance approaches emerge as pilot studies at local level. Some
of them proved to secure conservation and social functions of forests, and were capable to
provide alternative income streams for forest owners (e.g., Zivojinovic et al., 2015), while for
many other governance approaches a systematic evaluation of their design, implementation,

and outcomes are missing (e.g., Borner et al., 2020; Baylis et al., 2016).

To date, a systematic empirical analysis of the need for such novel governance approaches
for the sustainable provision of FES has not yet been carried out. As a large number of factors
influences the effectiveness and outcomes of forest governance, we develop here an
integrated multi-disciplinary perspective that combines concepts and methods of social-
ecological, socio-technical systems analysis (e.g., McGinnis and Ostrom, 2014; Ostrom, 2011)
and innovation systems analysis (e.g., Asheim, 2011; Geels, 2011) and apply it in our empirical
analysis of forest owner’s views on their FES provision and governance innovations as well as

the factors conditioning these. We structure our analysis along four research questions:

What type of governance innovations exist in European forests?

What is the relation between governance innovation types and FES they address?

What factors are enabling or hindering the development of governance innovations?

What is the influence of forest ownership type and forest size on the development of

governance innovations?

This paper is structured as follows: Next, the theoretical foundation conceptualizing forestry
systems as complex social-ecological-technical systems that foster or hinder governance
innovation development and outcomes through context conditions is detailed in section 2.
Section 3 describes the empirical analysis and the applied methodology building on a
European-wide online survey that addressed forest owners and managers. Section 4 reports
the findings regarding innovations and the factors influencing FES provision. In section 5 we
discuss the potential and implications for the upgrading and upscaling of FES governance
innovations in Europe. We conclude with implications for forest management, detailing policy

and business recommendations as well as some guidance on future research in section 6.
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Theoretical orientation

Forest ecosystem services (FES)

Since the 1990s, the concept of ecosystem services has been mainstreamed into science and
policy, highlighting the essential role that ecosystems play in supporting both life and
economic systems (e.g., Costanza et al., 1997; Daily, 2000; IPBES, 2018; Rasmussen et al.,
2018). Since then ecosystem services frameworks and classification systems have been
developed (MEA, 2005; Diaz et al., 2019). The Common International Classification of
Ecosystem Services (CICES) (Haines-Young and Potschin, 2013) is widely acknowledged in
science and policy, and employed in the EU initiative on Mapping and Assessment of
Ecosystems and their Services (MAES) (EC 2014). For this analysis, we base our forest

ecosystem services (FES) categorization on the CICES system (Annex B).

Governance innovation types

In this paper, we make use of pertinent innovation frameworks to elaborate on governance
innovation types and influences for innovation establishment and development, especially
related to transitions towards more sustainable resource uses and economic models (Geels
and Schot, 2007; Smith and Stirling, 2010; Van Lancker et al., 2016; Lovri¢ et al., 2019). This

framing is then tested in our empirical application in the forest owner survey.

Innovation is understood as the process of making changes to something established by
introducing something new, organised as a holistic and collaborative approach (Van Lancker
et al., 2016). These changes can be gradual and incremental or radical and disruptive. The
innovation term can be applied to products, processes, or services, and in any organization
(O’Sullivan and Dooley, 2009). Innovation is a social process within given cultural, scientific,
technological, and/or political configurations that is often experienced or observed as open-
ended, while also the context remains fluid (Rip, 2012). Innovation is thus not a straight-
forward, linear process that can be programmed or would lead to precisely defined results

(Smits et al., 2010).

Sustainable provision of the range of FES going beyond timber and biomass production

requires novel approaches of actor constellations and coordination that we frame as
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governance innovations. At its core, governance is about processes of interaction between
societal and political actors and their interdependencies in a defined system (Kooiman, 2003).
Governance structures concretize in institutions that organise processes, determine
objectives, set standards, influence motivations, initiate or reduce conflicts, and resolve
disputes among actors (Eden and Hampson, 1997). They execute these functions by ways of
hierarchies, markets, networks, and/or hybrid arrangements (Williamson, 2004; Mayntz,
2004). Institutions and actors are linked through systems of knowledge production and
information sharing and the political negotiation processes that lead to institutional design
and their use and adaptation (e.g., Brockhaus and Angelsen, 2012). As governance
innovations we consider new policies and governance arrangements resulting in novel forms
of management that allow for a sustainable provision of FES to improve income sources or to
provide alternative benefit streams. These governance innovations include the establishment
of new markets and payment schemes for carbon sequestration and biodiversity preservation
as well as novel actor alliances and collaborative networks, including their adapted or
innovative means of communication, that foster improved value chains or bundles of

provisioning, regulating, and cultural FES.

Governance innovations often have the character of process innovations, being closely
related to social innovations by similarities in reconfigurations of existing institutions to novel
social practices (Nijnik et al.,, 2019; Kluvankova et al., 2018). In addition, governance
innovation may also refer to process, product and service innovations, when it comes to the
establishment of a novel mode of actor collaboration or coordination approach. The latter
can be a new policy (hierarchy), a new market or business model (markets), a new network
of actors, such as public-private partnership (networks), or mixes thereof (hybrids). In
particular hybrid governance approaches that combine market and self-governance
components prove to be capable to address the complexity of the sustainable provisioning of
FES and to overcome social dilemmas (Ostrom et al., 2011; Kluvankova et al., 2021). We
elaborate these different types of governance innovations occurrence in European forestry

contexts for FES provision.
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Forestry system interactions and conditioning factors

On a conceptual level, links between the provision of ecosystem services and governance
have often been defined as social-ecological systems (e.g., de Groot et al., 2010; Loft et al.,
2016). The provision of FES is largely determined by biophysical conditions, such as climate,
geography, ecosystem/forest conditions, and the past and present management decisions of
the land owner or manager. The demand for FES, on the other hand, is determined by a set
of socio-economic and political factors such as societal interests and institutions, actor
constellations, and power relations amongst different groups and their capabilities to express
and lobby for their FES demand. In addition, research into social-ecological systems has
further recognised technology as a key factor for securing system resilience (Young et al.,
2008). To assess the role of infrastructure, technical artefacts, and knowledge for change
processes, conceptual inspiration comes from Socio-Technical-Systems (STS) research (e.g.,
Borrds and Edler, 2014; Smith and Stirling, 2010). Guiding this strand of research is a (quasi-
)Jevolutionary understanding of technological change which regards technological innovation
as an open-ended process, shaped in interactions between various actors and stabilizing

gradually over time (Geels and Shot, 2007).

In summary, a forest management system in which innovations for FES provision develop can
be understood as a social-ecological-technical system (Sorge and Mann, 2019). It provides
particular conditions that are shaped by ecological, social (institutions/rules and actors), and
technical conditions (infrastructures, knowledge) that can enable or hinder innovation
development. These forestry systems are nested in larger systems, and influenced by external
factors that are difficult to influence by the forestry systems, for example EU legislation or
climate change. Taking on a system-based innovation understanding helps us to gain a more
comprehensive picture on innovation establishment, in particular regarding the type of
innovation, their relation to FES provision as well as regarding how innovation develops and
what factors condition its emergence. In our survey, we test how the above-mentioned
conditioning factors from different ecological, social, and technical system dimensions

influence, i.e. enable or hinder innovation development for the provision of FES in Europe.
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Material and methods

Survey design

To empirically analyse the factors influencing FES supply among forest owners and the factors

influencing their FES provision and pertinent governance innovations, we conducted a

European-wide online survey administered to private and public forest owners and managers

using Maptionnaire software?. The survey was promoted by two H2020 Innovation Actions

on novel policies and business models for the sustainable supply of forest ecosystem services

(SINCERE and InnoForESt) as well as by the FOREXT network (see Annex A for the full survey).

This paper reports the responses regarding FES governance innovations. A filter question

selected respondents who stated to have implemented a FES-related governance innovation

within the last two decades. It was followed by a total of six closed-ended questions (Table

1).

Table 1: Survey questions and their variables

Question

Variable

Type / measurement

Q4

innovation for at least one ecosystem service in the last
two decades?

Q1 | What type of forest ownership are you representing? Land Tenure Nominal / Multiple choice
Q2 Please state the size of the forest you own or are Forest size Continuous / Whole number
responsible for. [ha]
Please describe what ecosystem services in view of: FES supply Continuous scale /
Q3 a) your forest area currently provides, and independent
b) what societal demand for these services do you
perceive.
In relation to your forests, has there been such an Presence of Innovation Binary

Q5

Which innovations have you developed? [choice of 10]
Please also separately mark the most economically
important one, and the most innovative one.

Economic and innovative
relevance

Binary / dependent

Q6

To what extent do the following 15 factors support or
constrain the innovations you have been developing?

Influencing factors
enabling and hindering
innovation

Continuous scale /
Independent

Variables, data selection, and statistical analyses

29 https://maptionnaire.com/
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Governance innovation types in European forests

To analyse general trends in the types of governance innovations that are developed by forest
owners and managers across Europe, we only used datasets from respondents who answered
‘ves’ to question 4 (Q4) ‘In relation to your forests, has there been such an innovation for at
least one ecosystem service in the last two decades?’. For an overview, we applied descriptive
statistics including frequencies to derive information about the statistical distribution of

innovation types, objectives, and influences.

For the investigation of implemented governance innovations, ten specific innovations were
offered for selection to forest owners and managers (Q5: ‘Which innovations have you
developed?’). These were supplemented with descriptive examples, for example, Q5_1 ‘New
ecosystem service (e.g., a pollination strip or burial forest was newly established)’. Table 2
shows how specific innovations are linked to the conceptual orientation of the survey design
referring to the FES categories they address, the governance innovation type, as well as type
of innovation. In sum, the listed items represent all three governance innovation types

defined (see section 2.2).

Table 2: FES specific innovations and their relation to FES categories, governance innovation type, and focus

Q5 Specific innovations | Short name Example provided in FES Governance Focus of
offered for the Survey categories innovation innovation
selection addressed type

Q51 New ecosystem New ES e.g., a pollination strip | Regulating, Hierarchy, Product /
service or burial forest was Cultural Market , Service

newly established Hybrid

Q5_2 New technology for | Technology e.g., usage of Provisioning Market Process
biomass production | biomass harvester instead of

chainsaws or using
satellite imagery for
identifying logging
sites

Q5_3 New technology for | Technology e.g., anew Provisioning Market Process
other ecosystem other ES technology for
services extracting resin

Q5 4 New way to Value from ES | e.g., organizing Provisioning, Market Communicat
generate value from auctions for high- Regulating ion
ecosystem services quality timber or

water protection
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Q5. 5 Change of forest FM for e.g., new thinning Provisioning, Market Process
management to biomass measures for Regulating
improve / sustain increased wood
biomass production increment or for
increased resilience
Q5_6 Change of forest FM other ES e.g., new thinning Provisioning, Market Process,
management to measures for growth Cultural Product /
provide other of mushrooms or Service
ecosystem services support nature
tourism
Q5 7 New New e.g., a website or a Any Market Communicat
communication or communicatio | hired branding ion
marketing strategy n professional
implemented
Q5_8 New users of New users e.g., children or urban | Any Network, Communicat
ecosystem citizens Hybrid ion
service(s)
Q5 9 New trans-sectoral New contract e.g., a new agreement | Regulating, Hierarchy Communicat
contract created with conservation Cultural ion
groups or eco-tourism
enterprises
Q5_10 | New transboundary | New e.g., a sustainable Cultural Network, Communicat
cooperation created | cooperation tourism project across Market, ion, Product
country borders Hybrid / Service

Relation between FES and governance innovation types

The relationship between perceived supply of FES and innovations was analysed using
answers to question 3 relating to ecosystem service provision and demand (see Table 1) with
a scale ranging from ‘not supplied/ demanded by society’ to ‘very much supplied/ demanded
by society’ (see Annex C “Conversion of continuous scale (1-100) to a 7-point Likert scale”).
Based on the classes generated, values in the range 44-57 (value 4 on the Likert scale) were
excluded from subsequent correlation analyses, to concentrate on the more meaningful

values.

The addressed FES were analysed by calculating means for each FES supplied or societally
demanded, and tested for normal distribution of individual variables (Kolmogorov-Smirnov
test) with the use of histograms (see Supplementary Material Table S2 and S3). The
distribution of variables relating to the 11 surveyed groups of FES was non-normal. Usually,

more observations were found above the mean. Because a transformation of the continuous
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scale from the survey was made, a reliability analysis was performed to check whether the 7-
point Likert scale is equivalently suitable to measure specific FES. This scale reliability was
tested using Cronbach Alpha measurement, which in case of FES sub-categories indicated a
scale consistency a = 0.812 (n=11). It is assumed that a Cronbach Alpha value > 0.7 indicates
a reliable and acceptable scale (Taber, 2018). By means of a correlation analysis, we then
explored the relationship between perceived supply and societal demand of FES. Based on
very high correlations for most FES, we decided to consider only the perceived supply for

testing their relationship to governance innovation types.

In order to reduce the dimensionality and complexity of supplied FES variables and to check
whether new factors would emerge from inter-correlated items, we carried out an
exploratory factor analysis (Principal Axis Factoring Method) with Varimax rotation. We
thereby identified FES categories, i.e., provisioning, regulating, and cultural FES (see Table 6)
as perceived by forest owners and managers and later compared them with the CICES
categories. The procedure of exploratory factor analysis includes also prior inspection of the
power of the relationships and factorability of the variables involved in the analysis (Beavers
et al., 2013). The suitability of the questionnaire data for factor analysis was tested. A first
test, the Bartlett’s Test of Sphericity checks whether there is or isn’t a certain redundancy
between items analysed that could be interpreted as a factor later on. It compares the
observed correlation matrix of variables to the identity matrix, and checks if they are both the
same. The sample adequacy was then checked with the KMO (Kaiser-Meyer-0lkin) Test which
measures the degree of common variance among items selected for the factor analysis. Both
tests revealed that the sample is adequate for the factor analysis (KM0O=0.799) and the
Bartlett’s test was significant (Bartlett's test of sphericity p=0.000) p<0.05 which confirmed
that the correlation matrix differs from the identity matrix so the factor analysis is proper to

use.

In factor analysis it is crucial to determine the number of factors which will represent best the
whole data set. The goal is to select only those factors which are representative and
theoretically adequate (Fabrigar et al., 1999; Beavers et al., 2013). We based our selection on
Eigenvalue criteria (Eigenvalue > 1), scree plot, and the percent of variance explained by each
factor. The final decision should take into account the interpretability and accuracy of the
selected factors (Beavers et al., 2013). Therefore, initially the three, four, and five-factors
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solutions were investigated. Due to the highest total variance explained, clear factor loading
values, and better comprehensibility the four-factor solution was chosen. The point-biserial
correlation was then run, to determine the relationship between the resulting factors,

respectively FES categories, and the governance innovation types being developed.

6.3.2.3. Conditioning factors enabling or hindering governance innovations

In order to understand the reason why some governance innovations emerge more often
than others, we were interested in the conditioning factors that could influence, i.e. enable
or hinder the emergence and development of innovations in the forestry sector. For analysis,
responses to question 6 (Q6) ‘To what extent do the following factors support or constrain
the innovations you have been developing?’ form the basis. Respondents could select the
degree to which 15 predefined factors (Table 3) are supporting the respective innovation
ranging from ‘very strongly not supporting to very strongly supporting’. Similar as for question
3 the 1-100 scale was converted into a 7-point Likert scale to allow for a better interpretation

of the results (see Table C in the Appendix).

These variables were tested against the normal distribution with the use of the Kolmogorov
Smirnov test. Histograms were produced, for the 1-7 (without neutral values) and for
standardized values 0-1 (see Supplementary Material Table S5 and Table S6). None of the
variables confirmed a normal distribution of the data. The peak of the observations
distribution was always on the extreme side of the scale (close to 1 or close to 7). The
reliability of answers re-coded to the 7-point Likert scale was cross-checked by conducting
the Cronbach Alpha test. The test indicated that the new Likert scale assumed for 30 variables

reached acceptable reliability (Cronbach’s Alpha = 0.819).
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Table 3: Overview of potential influencing factors for governance innovation development offered in the survey,

their system dimensions, and their codes used for the visualization of results

ch>6 dl::ctor Factors conditioning the emergence of governance innovation System dimension
Q6_1 Regulatory framework (laws and rules) Institutional (Social)
Q6 2 Policy makers and stakeholders Actors (Social)

Q6_3 Private sector and business Actors (Social)

Q6_4 Societal demand for the ecosystem service Actors (Social)

Q6_5 High profitability/viability before the innovation happened Markets (Social)

Q6_6 Low profitability/viability before the innovation happened Markets (Social)

Q6 _7 Profitability of the innovation Markets (Social)

Q6_8 Abundance of ecosystem services Biophysical (Ecological)
Q6_9 Scarcity of ecosystem services Biophysical (Ecological)
Q6_10 Knowledge available Technical

Q6_11 Public financial support (e.g., subsidies) Markets (Social)
Q6_12 (Access to) private investment capital Markets (Social)
Q6_13 Culture of your organization Institutional (Social)
Q6_14 Individual leadership Actors (Social)

Q6_15 Climate change External

To identify those factors that mostly influence the development of governance innovations
by forest owners, the distribution of answers over all respondents and the mean values of
perceived influence of these factors were analysed. Internal correlation between factors
influencing the self-perceived “most economically important” and the “most innovative
innovations” was tested. A correlation matrix was then developed to test the governance
innovation types against the given influencing factors. Therefore, we calculated confidence
intervals based on random sampling with a replacement (bootstrapping) of the survey
responses (for all variables of Q3 and Q6). They represent confidence intervals that are data-
specific and thus more realistic that the ones usually obtained —i.e. pre-sampling confidence
intervals where the distribution of responses is unknown and thus assumed to be normally

distributed.
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Influence of forest ownership types and size

We explored how forest size and ownership type influenced the development of innovations
in general (Q4), and the implementation of specific governance innovation types (Q5) in
particular. Respondents could select one out of six predefined options for different types of
private and public forest ownership (see Supplementary Material Tables S8 and Figure S3 and
S4). An indication of the size of the forests under their responsibility was requested in
hectares (ha) offering continuous values. Respective frequencies were examined together
with the data distribution and the results of a correlation analysis, considering all types of

governance innovations implemented or not.

All analyses were run with SPSS 26 and R (RStudio); graphs and tables were prepared with MS

Excel. All graphs and tables produced are stored in the Supplementary Material

Participants description

In total, 1,234 forest owners and managers participated in the survey. Among them, 467
participants (37.85%) stated that they had developed a FES related innovation (Q4). Of these
467 respondents, 101 respondents did not further detail the innovations developed (Q5). The
final dataset of respondents who implemented a specific innovation comprised 366 cases

which in sum developed a total of 1,114 innovations and were the target of our analysis.

Respondents from 17 European countries participated in varying numbers (see Torralba et
al., 2020a for details). Germany was the most represented country, followed by The
Netherlands and Finland. In the dataset, the forest ownership types were distributed
unevenly. The majority of respondents identified with ‘Private ownership by individuals or
families’, while ‘Public ownership by state at national level’ was chosen by fewer respondents.
Regarding forest size, small forest properties were more represented than large forest

properties, with half of the respondents owning or managing properties less than 60 ha.
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Results

Governance innovation types in European forests

Governance innovations were mostly developed for the improved provision of biomass
(wood). Most prominently, ‘Change of forest management to improve/sustain biomass
production’ and ‘New technology for biomass production’ together represent 34.8% of total
governance innovation types, while ‘Changes of forest management to provide other FES
presented’ and ‘New technology for other ecosystem services’ represented only 15.1 percent
of total governance innovation types (Table 4). The innovations directly related to biomass

provision are considered the most economically important and innovative ones.

Table 4: Governance innovation types developed by forest owners

The most Total o .

Governance innovation type economically :rhe mo§t Innovations % of Innovations
. * innovative developed
important developed

Change of forest management to 58 25 236 21.2

improve/sustain biomass production

New technology for biomass production 67 37 151 13.6

Change of forest management to provide 34 27 134 12.0

other ecosystem services

New way to generate value from ecosystem | 33 11 108 9.7

services

New users of ecosystem service(s) 20 15 108 9.7

New ecosystem service 28 32 107 9.6

New trans-sectoral contract created 22 21 99 8.9

New communication or marketing strategy 19 18 86 7.7

implemented

New transboundary cooperation created 15 15 50 4.5

New technology for other ecosystem 14 13 35 3.1

services (then biomass production)

TOTAL 310 214 1114 100.0

*Number of governance innovations stated

Relation between FES provision and governance innovation types

The majority of respondents indicated that their forests mainly supplied wood-based
provisioning services, which were also the FES perceived as being most demanded by society
(Table 5). The inter-item correlation analysis confirmed that the perceived demand and
supply for each FES variable were highly correlated (see Table D in Annex). Comparing the
mean value given to each FES by respondents, the supply of seven FES was perceived greater

than the demand, in particular for the three regulating FES ‘Habitat for plants and animals’,
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‘Air quality regulation’, and ‘Climate change mitigation’. In contrast, FES that were considered
more societally demanded than supplied by their forests included cultural FES such as
‘Healthcare, sports and outdoor recreation’, ‘Education’, and ‘Wild forest products’. All

correlations are significant at the 0.01 level (2-tailed), p-value < 0.01.

Table 5: Perceived FES supply and demand

Mean

FES sub-categories supplied relation demanded
Wild forest products 43.56 < 51.41
Biomass (wood) for material 66.92 > 64.29
Biomass (wood) for energy 59.50 ~ 60.61
Cultural, emotional and spiritual values 64.55 > 57.93
Education 48.82 < 54.09
Game (hunting) 61.39 > 57.22
Healthcare, sports and outdoor recreation 62.04 < 66.72
Watershed protection 63.07 > 60.96
Air quality regulation 71.37 > 65.29
Climate change mitigation 77.99 > 70.73
Habitat for plants and animals 80.53 > 69.35
Valid N (listwise) 366

Table 5 shows how FES such as ’‘Climate change mitigation’ and ’Habitat for plants and
animals’ were perceived as the most supplied and demanded services with a higher perceived
supply than demand. 'Biomass for material and energy’ was perceived as having a balanced
supply and demand while the culture related FES, 'Education’ and 'Healthcare, sports and

outdoor recreation’ were perceived as in higher demand than currently supplied.

The conceptual allocation of the FES sub-categories using factor analysis is presented in Table
6. The resulting factors largely reflected the CICES FES categories from our conceptual
framework, and could be interpreted as: regulating services (18% of the total variance),
provisioning services (12%), cultural services (12%), and 'Wild forest products’ as an extra
provisioning service category (6%). Altogether they explained 48% of the variance. Table 6
displays all factor loadings, where significant factor loadings which contributed the most to

specific FES categories are bolded.
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Table 6: Four-factors of forest ecosystem services, based on ‘perceived supply’ data

FES sub-category Regulating FES Provisioning FES | Cultural FES | Provisioning FES Il (other
(biomass and game) wild forest products)

Climate change mitigation 0.779 0.220 0.093 0.033

Air quality regulation 0.740 0.041 0.144 0.142

Habitat for plants and animals 0.541 0.152 0.318 0.003

Watershed protection 0.490 0.299 0.270 0.282

Biomass (wood) for material use 0.194 0.764 0.072 -0.041

Game (hunting) 0.062 0.576 0.131 0.230

Biomass (wood) for energy use 0.117 0.511 0.124 0.161

Education 0.121 0.146 0.761 0.096

Healthcare, sports and outdoor 0.290 0.153 0.627 0.103

recreation

Wild forest products 0.101 0.199 0.114 0.634

Cultural, emotional and spiritual 0.382 0.069 0.381 0.304

values

Eigenvalue 3.965 1.414 1.105 0.927

Explained variance (%) 18.160 12.981 12.471 6.312

Significant factor loadings are in bold (n=366, p = 0.000)

The relationship between the governance innovation types and FES categories was then
tested with a correlation matrix, using the FES factor scores derived from the Factor Analysis
(Table 7). Significant correlations were found between the governance innovation type ‘New
ecosystem services’ (Q5_1) and all four FES categories in a range from rpb =.137 t0 .208, p =
0.000. The correlations confirmed that the developments of a ‘New technology for biomass

production’ were linked to ‘Provisioning FES | (biomass and game)’ (rpb =.224, p = 0.000).

A significant negative correlation was found only between the ‘Change of forest management
to provide other ecosystem services’ and ‘Provisioning FES | (biomass and game)’ (rpb=-.119,
p=0.023). The governance innovations ‘New users of ecosystem service(s)’, ‘New trans-
sectoral contract created’, and ‘New transboundary cooperation created’ correlated
significantly only with ‘Cultural FES’ (rpb = .168 to .188). No significant correlation was found
for ‘New way to generate value from ecosystem services’ or ‘Change of forest management
to improve/sustain biomass production’ with any of the FES categories, therefore omitted in
Table 7. The category ‘Cultural FES’ is the one most significantly correlated with governance
innovations especially with ‘New ES’ and ‘New ways of communication and cooperation’. The
complete correlation matrix with all variables and exact significance values can be found in

the Supplementary Material, Table S9.
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Table 7: Significant correlations between governance innovation types and FES categories

FE Provisioning FES Il
S group / . Regulating | Provisioning FES | Cultural rowswr!mg S

Governance Innovation . (other wild forest

FES (biomass and game) | FES

type products)

New ES 0.160** 0.137** 0.208** 0.142%**

Technology biomass 0.224**

Technology other ES 0.136**

FM other ES -0.119*

New communication 0.111* 0.188** 0.111*

New users 0.179**

New contract 0.168**

New cooperation 0.188**

*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed)

Correlation based on the results from Pearson’s correlation matrix (n=366): measured as a point-biserial correlation matrix
between the factors obtained in Factor Analysis (Table 6) and the governance innovation types (Table 4).

Factors conditioning the development of governance innovations

Several analysed conditioning factors appeared to influence innovation development. Table
8 presents the significant correlations between enabling/hindering factors for the self-
perceived most economically important governance innovation types. To analyse whether
factors were perceived as enabling or hindering innovation development, the mean value for
each factor was calculated (see Supplementary Material Table S4). They range from 3.13 for
‘Low profitability/viability before the innovation happened’ up to 5.67 for ‘Individual
leadership’.

‘Climate change’ and ‘Knowledge available’ arise as strong enabling factors that contribute to
‘New trans-sectoral contracts created’ (Table 8). ‘Climate change’ together with ‘Culture of
your organisation’ were seen as factors attracting ‘New users of ecosystem service(s)'.
Further, ‘High profitability/viability before the innovation happened’ and ‘Private sector and
business’ are particularly enabling the development of ‘New technology for biomass
production” whereas ‘Low profitability/viability before the innovation happened’ is hindering
these innovations. Negative correlations were found between ‘Change of forest management
to improve/sustain biomass production’ and ‘Individual leadership’ as well as between ‘High
profitability/viability before the innovation happened’ and ‘Change of forest management to
provide other ecosystem services’'.

142



Table 8: Summary of significant correlations between factors enabling or hindering the most economically
important governance innovation types

onditioning factor orrelation -value L
Governance innovation type Conditioning f (Qs) C lati p-val Valid N
(Q5) (listwise)
Private sector and business 0.239** 177
0.001
High profitability/viability before 0.241** 0.005 135
New technology for biomass | the innovation happened )
production Low profitability/viability before the -0.204* 126
innovation happened 0.022
Climate change 0.169* 159
0.033
Change of forest Individual leadership -0.169* 0.048 137
management to
improve/sustain biomass
production
Change of forest High profitability/viability before -0.185* 0.031 135
management to provide the innovation happened
other ecosystem services
New users of ecosystem Culture of your organization 0.213* 0.013 135
service(s) Climate change 0.242%** 0.002 159
New trans-sectoral contract Knowledge available 0.167* 0.030 170
created Climate change 0.193* 0.015 159

*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed)

Correlation based on the results from Pearson’s correlation matrix: measured as a point-biserial correlation matrix between
the factors enabling or hindering the most economically important innovations and governance innovation types. Blue colour
symbolizes a positive correlation between the factors and innovation types (enabling), red colour indicates a negative
correlation (hindering factors). Only significant correlations between variables are presented in this table.

Influence of forest ownership and size on innovation development

An exploratory analysis of the influence of forest size and ownership types on governance
innovation revealed that ‘Public ownership by state at national level’ is the least represented
ownership type, but represents the larger forest properties (>470 ha). ‘Private ownership by
individual or family’ is the most represented ownership type in the survey, but represents the

smallest forest properties (0-8 ha) (Supplementary Material Figure S4).

Relating innovation development to ownership types, we found that ‘Public ownership by
state at sub-national, regional level’ and ‘Private ownership by private institution as church,
foundation, etc.” develop governance innovations more often (>60%) than ‘Public ownership
by local government, municipality or equivalent’ and ‘Private ownership by individuals or

families’ (<35% each) (Figure 2).
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Public ownership by state at sub-national, regional, level 63% 37%

Private ownership by private institutions as church,

0, 0,
foundation, etc. o B
Public ownership by state at national level 54% 46%
Private ownership by private business entities 49% 51%
Public ownership by local government, municipality or
phylocale palty 33% 68%
equivalent
Private ownership by individuals or families 28% 72%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
forest owners that innovate forest owners that do not innovate

Figure 2: Development of innovations by forest ownership types

Analysing patterns of the relationships between forest ownership types and governance
innovations, it appears that ‘New technologies for biomass production’ were developed by all
forest ownership types. Inversely, ‘New technologies for other ecosystem services’ are
commonly less developed by all types of forest owners and managers. The focus on biomass
production was also reflected in innovations that target forest management practices, i.e.
‘Change of forest management to improve/sustain biomass’ is commonly more applied
compared to ‘Change of forest management to provide other ecosystem services’. Observing
the general shapes of the curves, public national and regional forest owners seem to have
rather comparable innovation strategies that differ from innovation strategies of other
ownership types. Moreover, innovation strategies of public forest owners at the
local/municipality level seem to be closer to those of private forest owners, with few
exceptions (Figure 3).
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® Public ownership by state at national level m Public ownership by state at sub-national, regional, level

Public ownership by local government, municipality or equivalent Private ownerships by individuals or families
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Figure 3: Types of innovation (in percentage) implemented by the different ownership types

Forest size also correlated with governance innovation development. In general, forest
owners appeared to engage in innovation activities to improve/sustain biomass production
rather than to provide other ecosystem services, independently of the size of the forest
(Figure 4). Owners of small forest properties showed comparatively lower engagement for
new technologies that support biomass production compared to owners with larger
properties. However, we also found forest owners with smaller properties who innovated
more in terms of changing forest management to provide other ecosystem services than
owners with larger forest properties.

25%

20%
15%
10%
5% II I | I | | I | I
0%
<8ha 9-60 ha 61-470 ha =470 ha
B NewES B Technology biomass Technology other ES Value from ES u M for biomass
m FM other ES New comunication W New users W New contract New cooperation

Figure 4: Types of innovation (in percentage) implemented in different sizes of forest properties
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Discussion

In this paper, we analysed FES innovations potentials of private land owners and forest
managers from all types of ownership in Europe to provide FES. We studied what governance
innovations exist in the European context, the relations between governance innovations and
the FES they address, as well as the factors that enable or hinder the development of
innovations, including forest ownership and size of the forest property. As a result, we gained
insights into forest owners’ mindsets and perceptions about innovation processes related to

FES that are currently provided and socio-economically demanded.

A snapshot of governance innovation types and FES provision in Europe

Our analysis of forest owners and managers developing governance innovations for FES
provision offers insights on the social, economic, and ecological challenges the European
forestry sector is currently facing. A central finding is that innovation activities are largely
linked to biomass production. Most forest owners and managers - private like public -
implement efficiency-driven optimisation strategies, i.e. new technologies for/or change of
forest management to improve or sustain biomass production as provisioning services to
generate income. They either change their forest management practices and/or invest in new
technologies for biomass production, in particular for wood-chip production. This underlines
that forestry related innovations largely continue the long history of focusing on material
aspects of forestry through developing effective silvicultural practices (Puettmann et al.,
2012) to satisfy respective local needs (Elbakidze and Angelstam, 2007) or provide industrial
material (Eurostat, 2008) and create an effective wood-based value chain (Melnykovych et

al., 2018; Prokofieva and Wunder, 2014).

The focus on biomass related innovations is understandable given the underlying economic
rationale of provisioning services (Lindahl et al.,, 2017) and the public or common good
character of many regulating and provisioning FES resulting in positive external effects. The
latter makes it difficult to trade them at markets (Muradian and Rival, 2012) and with that to
be incorporated in the “innovation system” of forestry companies oriented towards profits or
financial stability. Yet, trade-offs in the provision of different FES exist (Hauck et al., 2013), as

increasing provisioning services can reduce the provision of regulating and cultural FES. This
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increases conflicts over forest uses, in particular between production and conservation
functions, goods and services (e.g., Jellesmark et al., 2014; Kleinschmit et al., 2017). Land-use
conflicts between timber production and provision of other FES can take different shapes, but
can be severe and difficult to resolve, also relating to fundamentally different perceptions or
worldviews of forests and forest management (Sotirov and Winkel, 2016). Forest
management and external factors such as climate change influence the type, amount, and
quality of ecosystem services provided by forests (Gutsch et al., 2018), and market or policy
trends, for example related to advancing the bioeconomy to incentivize increased harvesting
can increase trade-offs specifically with biodiversity conservation and cultural ecosystem
services such as recreation (Bauhus et al., 2017b; Tyrvdinen et al., 2017). Even though such
regulating and cultural FES are promoted in various national and international policy agendas
such as the EU Green Deal, the Biodiversity Strategy, and the EU Forest Strategy (Wolfslehner
et al.,, 2020), the challenge to align the innovation perspectives of forest owners and

managers with such policy demands remains.

Moreover, the development of policy instruments at local-regional level, strategic and tactical
planning, and operational management that promote ecological, social, and cultural forest
objectives still lag behind (Angelstam et al., 2018; Lindahl et al., 2017). Research on policy
implementation shows that ambitious policies and concepts to integrate, for instance,
biodiversity conservation with wood production face challenges in implementation, despite a
substantial interest of forest owners and managers in regulatory (Winkel et al., 2015; Maier

and Winkel, 2017) or cultural FES (Torralba et al., 2020b).

These findings underpin the necessity to establish stronger demand and reward systems for
the broad spectrum of FES if ambitious policy objectives are meant to be implemented in
forest management on the ground (cf. Kluvankova et al., 2021; Prokofieva and Gorriz, 2013).
Social-political awareness is given but as innovation development may be associated with
establishment and development costs, for example for new technologies or change of
management to provide other FES or the identification of new user groups, these
developments are (financially) burdensome and hence not undertaken by forest owners and
managers (yet). Recognizing that about half of the responding forest owners and managers
have indicated that they do innovate to provide other FES, to generate value or to identify
new users, more advanced forms of policy instruments, operational management, and
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financing schemes rooted in close communication and cooperation among stakeholders seem

to be needed in order to foster this trend.

Factors enabling or hindering the development of innovations for FES

Using a system-based approach to understand the forestry contexts for innovation allowed
us to gain insights into required context conditions for action. In particular, private forest
owners and businesses whose innovation practices increase provisioning services with
targeted management and market strategies and infrastructures are open to innovations.
Also climate change and related adaptation needs are seen as an enabling factor for — or
enforcing — innovations referring to forests carbon sequestration and mitigation potentials
(Bowditch et al., 2020; Jordan and Hiutema, 2014). However, the low profitability of other
FES, or bundles thereof, largely hinders innovation development in the private and public
sector. For their provision, changes are needed on individual and institutional levels with help

of governmental and state interventions.

On an individual level, individual leadership seems a crucial factor for “out of the box”
innovations (i.e. innovations with other FES), while changes in forest management practices
for improved biomass provision are negatively correlated with individual leadership. One
might interpret this in a way that the path dependencies of the ‘classical’ forestry regime with
its focus on optimizing biomass production are too strong and preventive to changes (Lindahl
et al., 2017). Thus, requiring even more leadership and respective knowledge to explore new
business or activities relating to new FES, niche innovation development, testing, and
momentum for successful change (Geels, 2011). Forest owners responses indicate that in
particular cultural FES are addressed with new communication and marketing strategies, and
the identification of new users is a precondition for such service provision. This kind of
innovations require changes not only on individual level but also in “the culture of
organisation”, to be open towards societal demands. Coordinated action and mechanisms to
“open-up” and “broaden out” problem perceptions and solution development as well as to
make necessary trade-offs explicit seems key (Karpouzolou et al, 2016; Meier et al., 2016;

Lindahl et al., 2017).
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On an institutional level, changes in demand structure for FES need to be accompanied by
benefit transfers to FES providers before investments into innovation activities are
considered. For governance, two pathways for action are supported by our analysis findings:
one option is the design of new trans-sectoral contracts between public and private forest
owners for better aligning FES demand and supply. These might directly link up to climate
change pressures as a “hook” to support forest owners in changing their management focus
as well as to respond to growing socio-political demands for regulating services that require
the integration of new knowledge to overcome knowledge gaps. Examples are public-private
partnerships for linking forest management with tourism demands and recreation activities
or with nature conservation initiatives (Abruscato et al., 2020; Thellbro, 2018). The other
option is to advance with payments for ecosystem services (PES). Research in other contexts
showed that PES and other incentive-based instruments can foster the provision of regulating
and cultural FES. But their design and implementation are challenging. Issues such as trust,
fairness, and others’ perceptions may play a crucial role in the process of establishing
payment schemes (Prokofieva and Wunder, 2014; Primmer et al., 2014). Many PES programs
reinforced conflicts over access and control over forest resources (Corbera et al., 2007;
Sconfienza, 2017). To encounter this, a growing body of literature related to PES (Alpizar et
al., 2015; Ferraro, 2014) and other incentive programs (e.g., Ashraf et al., 2014; Fryer et al.,
2012) points out that building non-monetary decision-making preferences into policy
instruments can increase conservation efforts and people’s satisfaction with the transaction.

Conversely, failing to do so can have unintended negative effects.

Finally, our results indicate the influence of forest ownership types and size on innovation
activities. Land tenure appears to be more relevant than forest size for innovations. There is
a tendency that private forest owners focus on innovations related to biomass production
while the public sector seems more active in innovations for FES diversification. Given the
high share of private forests in Europe this finding is important for formulating policy
recommendations (Nichiforel et al., 2018). Knowing that a lack of formal rules for financing,
collaboration and contracts are perceived burdens for FES provision in practice, these
conditions require improvement for the private forestry sector to stronger convert towards
multiple FES provision. In contrast, public forest owners show a higher attitude towards

innovation development for new ecosystem services. This is not surprising due to the
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common welfare orientation of public forests in general (Ruppert-Winkel and Winkel, 2011;
Sotirov et al., 2017), and the chance for experimenting and diversifying forest products and

services on large scale.

Discussion of methods

One limitation of our analysis is the uneven distribution of respondents in terms of
geographical origin, ownership patterns, and distribution of forest size. This impacted
statistical analysis to understand correlations between these factors and the implementation
of innovations and, more specifically, of the different types of governance innovation.
Another limitation was the large number of missing values. Some governance innovation
types appear to be of very low interest and applicability by forest owners (like ‘New
technology for other ecosystem services’, or ‘New transboundary contract created’) with
consequently little data provided for them. For questions about factors influencing the
governance innovation development about two third of the answers were empty. This issue
led us to implement some modifications such as re-coding empty answers to ,neutral”
options, hence giving them a specific value. Because of the lack of big-size samples, we could
not develop a regression model (binary logistic regression). The non-normal distribution of
data restricted our analysis to exploratory statistics to see general trends in data distribution,
factor analysis and correlation matrices. Other methods applied which might have allowed
developing a binary logistic regression model to gain more information about relationships
between variables and their influence was not successful. All this limits the
representativeness of our findings. However, our findings do provide a snapshot of forest
owner perceptions and attitudes towards governance innovations for FES provision in times
of societal challenges with forests being a central part of the solution not yet sufficiently

recognised.
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Conclusions

Innovations in the European forestry sector to sustain FES are scarce and scattered, in
particular for regulating and cultural services. The main obstacle for the latter is the reliance
of forestry on a classic market-oriented economic rationale for biomass production that
reinforces a timber production-oriented forest management paradigm. Due to the lack of
competitive options for generating income, innovators are directed towards biomass
production where the market exists. In addition this leads to a lack of financial resources to
compensate for other FES provision as well as a lack of institutions that provide backup and
security to forest owners and managers to engage in related governance innovation
development for other FES. This poses a dilemma. However, foresters in Europe largely
recognise the socio-political need to manage forests according to their various functions and

roles to encounter today’s challenges and to work towards future-resilient forests.

We see in our analysis that societal demand and motivation from forest owners and managers
for improved ecosystem service delivery exists, but their supply requires institutional support
that allows for needed transformations. On EU policy level, currently the Green Deal as well
as revisions of the Forestry Strategy offer windows of opportunity to better foster FES
provision on a European scale. More than before are forests at the heart of solution strategies
for biodiversity conservation and climate change adaptation. These political quests need to
become materialized for private and public forest owners to acknowledge and compensate
their additional efforts for FES provision. What becomes visible is that currently mainly public
forests undertake innovation activities for better service provisioning, while large parts of the
private forest owners innovate largely only in relation to biomass production, following
established market incentives. Considering the large share of forest area in Europe in private
hands, leaving these actors out of the solution process is a lost opportunity. Prospectively the
provision of biodiversity habitat, carbon sequestration, and recreation services should be an
explicit part of the forestry portfolio and a management alternative where the EU provides a
framework with a forestry strategy that helps to align actors and sectors for sustainable
forests. It is promising that we find many good examples of innovations all over Europe that
successfully provide the range of FES with functioning compensation mechanisms and

collaboration efforts in place. These should serve as good practice examples for scientific as

151



well as practice exchange and for learning how to showcase functioning innovation

development across sectors and scales (cf. Huber, 2008).
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Annex

A) Full survey

https://app.maptionnaire.com/en/5199/

B) Classification of Forest ecosystem services addressed in the survey

Category Sub-Category Examples
Provisioning | Biomass (wood) Fibres, wood, timber for material use
Wood for energy use
Game Hunting
Wild forest products Berries, mushrooms, nuts, medicinal plants
Regulating Watershed protection Water and erosion control
Air quality regulation Filtration, pollutant sequestration
Climate change mitigation | Carbon sequestration and storage
Habitat for plants and Habitat provision and biodiversity, incl. pollinators or
animals seed dispersal forest species
Cultural Cultural, emotional and
spiritual values
Education Forest kindergarten, schools
Healthcare, sports and Nature-based tourism
outdoor recreation
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C) Conversion of continuous scale (1-100) to a 7-point Likert scale

Likert scale code  Range Conceptual interpretation

1 1-14 very strongly not supplied/demanded
2 15-29 strongly not supplied/demanded

3 30-43 not supplied/demanded

4 44-57 neutral (discarded in analyses)

5 58-71 Supplied/demanded

6 72-86 strongly supplied/demanded

7 87-100 very strongly supplied/demanded

D) Perceived FES supply and demand

Mean Correlation
. . ) supplied vs
FES sub-categories supplied relation demanded
demanded
Wild forest products 43.56 < 51.41 0.642
Biomass (wood) for material 66.92 > 64.29 0.641
Biomass (wood) for energy 59.50 ~ 60.61 0.606
Cultural, emotional and spiritual
values 64.55 > 57.93 0.605
Education 48.82 < 54.09 0.590
Game (hunting) 61.39 > 57.22 0.562
Healthcare, sports and outdoor
recreation 62.04 < 66.72 0.551
Watershed protection 63.07 > 60.96 0.487
Air quality regulation 71.37 > 65.29 0.418
Climate change mitigation 77.99 > 70.73 0.320
Habitat for plants and animals 80.53 > 69.35 0.298
Valid N (listwise) 366
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E) Question of the survey regarding forest ownership (Chapter 3)

Question 1): What type of forest ownership are you representing?
(Please mark the most relevant option. Answer is obligatory to proceed)

¢ Public ownership by the state at national level

¢ Public ownership by the state at sub-national (regional) level

¢ Public ownership by local government (municipality or equivalent)

e Private ownership by individual or family

¢ Private ownership by private business entity

¢ Private ownership by private institutions (e.g. church, foundation, etc.)

e Unknown Ownership / Other (please specify)

Supplementary material

All Tables S1-S9 and Figures S1-54 can be found in the Supplementary material under the
link:

https://nextcloud.hnee.de/s/eQTJ24kN5YxXopi
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Appendix : Supporting publications

During the PhD research a precedent and parallel investigation has been finalised. Within this
research, the effects of climate changes in the provision of forest ecosystem services by
mountain forests have been determined. The research has been capitalised in a chapter of a
book written in collaboration with CLIMO COST Action CA15226, Climate-Smart Forestry in
Mountain Regions (CLIMO). Funded by the EU’s Horizon 2020 COST Action programme. The
book is titled “Climate-Smart Forestry in Mountain Regions”. The full text is inserted in this

dissertation in case the reader likes to deepen the topic.

Reference: Bottaro, G., Gatto, P., Pettenella, D. (2021) Assessing the Economic Impacts
of Climate Change on Mountain Forests: A Literature Review. In: Managing Forest Ecosystems,
Vol. 40, Tognetti, R., Smith, M., Panzacchi, P. (Eds): Climate-Smart Forestry in Mountain

Regions. Springer Nature, Switzerland, AG
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