
Forest Policy and Economics 128 (2021) 102461

Available online 19 April 2021
1389-9341/© 2021 Elsevier B.V. All rights reserved.

Addressing the challenge of wood mobilisation through a systemic 
innovation lens: The Irish forest sector innovation system 
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A B S T R A C T   

In the face of growing demand for sustainable sources of biomass, the challenge of mobilising non-industrial 
private forest landowners (NIPF) with varying management objectives, to actively manage their forests and 
increase the supply of wood biomass, is an area of growing research and policy focus. While innovation and 
knowledge exchange is increasingly viewed as a means of promoting sustainable wood mobilisation, structural 
weaknesses in the sector such as deficiencies in the institutional and infrastructural setting or capacity of 
stakeholders, can negatively influence innovation processes. Addressing these overarching challenges requires a 
systemic analysis of the barriers to innovation across the forest sector as a whole. This case study of the Irish 
forest sector develops a comprehensive innovation systems framework, integrating structural and functional 
streams of innovation systems research. This `coupled structural–functional’ framework is applied to identify a 
number of interconnected systemic problems that hinder the functioning of the forest sector innovation system 
and negatively influence the potential for co-innovation and wood mobilisation in the sector. Three sets of key 
systemic wood mobilisation problems are identified, among which there is negative feedback. These so called 
`blocking mechanisms’ have developed over time as a result of historical patterns of practice, prevailing culture, 
attitude and regulation and are defined here as (i) weak networks blocking capacity development of new forest 
owners, (ii) infrastructural problems blocking the reach and effectiveness of knowledge networks, (iii) rigid 
institutional structures and policy blocking co-innovation. To address these deficiencies in the current forest 
policy and institutional environment, this study makes a number of policy recommendations to promote co- 
innovation and tackle the multi-dimensional challenge of wood mobilisation.   

1. Introduction 

Growing societal and consumer preferences for renewable, sustain-
able products including sawn timber, wood energy and novel forest 
products underpin forecasts for increasing roundwood demand from EU 
forests and internationally (Hetemäki, 2014; Hurmekoski et al., 2018). 
This highlights the need for the EU forest-based sector to develop 
coherent long-term strategies for domestic resource mobilisation and to 
reduce the reliance on imported wood products (Orazio et al., 2017). 
Many EU member states (MS) have responded by developing national 
forest policies that recognise the need to sustainably harvest more wood 
from their forests while protecting the environment (Lawrence, 2018). 

The literature on wood mobilisation points to a multitude of inter-
connected and often conflicting factors constraining the potential har-
vest of EU forests, including emerging and fragmented ownership 
structure (Ficko et al., 2019; Lawrence, 2018; Stern et al., 2013), social 
constraints and diverging management preferences of stakeholders 
(Kuuluvainen et al., 2014; Moffat et al., 2016; Toppinen et al., 2016), 
environmental and technical constraints (Mantau et al., 2010) and a 
range of other institutional and economic factors (Orazio et al., 2017). 
This paper employs a comprehensive systemic innovation approach to 
study the forest sector and examine these complex, interacting wood 
mobilisation challenges. 

Wood mobilisation strategies aim to increase the sustainable harvest 

* Corresponding author. 
E-mail addresses: kevin.kilcline@teagasc.ie (K. Kilcline), aine.nidhubhain@ucd.ie (Á.N. Dhubháin), kevin.heanue@teagasc.ie (K. Heanue), cathal.odonoghue@ 
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of biomass from forests by addressing these barriers to active manage-
ment (Ní Dhubháin, 2015) and are a growing area of policy and research 
focus. Much of the international literature to date has focused on iden-
tifying and addressing those supply side challenges associated with 
forest ownership change (UNECE/FAO, 2020; Ficko et al., 2019; 
Živojinović et al., 2015) in particular the emergence of new non- 
industrial forest owner (NIPF) types either through inheritance, resti-
tution processes or afforestation (Weiss et al., 2019; Lawrence, 2018; Ní 
Dhubháin, 2015). Studies of these ̀ new’ forest owner types (Weiss et al., 
2019; Lawrence, 2018; Ní Dhubháin et al., 2015) address topics such as 
the impact of changing motives, goals, and management objectives 
(Ficko et al., 2019); Põllumäe et al., 2014), how management practices 
are informed by either traditional forms of knowledge transfer (Upton 
et al., 2017) or inclusive, formal (Ma et al., 2012) and informal (Lind- 
Riehl et al., 2015) peer-to-peer knowledge networks. 

In countries where private ownership accounts for a significant 
portion of the forest estate, wood mobilisation is dependent on the in-
terest and commitment of private owners and their links with forest 
management services, harvesting contractors and markets (Lawrence, 
2018). With a young, expanding, highly productive private forest estate 
(Farrelly et al., 2009), the Irish forest sector makes a particularly 
interesting case to investigate the challenge of wood mobilisation. 
Recent roundwood supply forecasts (Phillips et al., 2016) project na-
tional output to double over the next two decades, driven almost 
exclusively by a fivefold increase in private roundwood harvest. These 
forecasts assume that private forests, planted since the mid-eighties with 
the support of afforestation capital grants and afforestation subsidies 
(DAFM, 2020), will be managed commercially to maximise net present 
value by employing the same intensive thinning/clearfell silvicultural 
system as state managed (Coillte) forests (Ní Dhubháin et al., 2015; 
Phillips et al., 2016). Unlike most other European States, private forest 
ownership in Ireland is dominated by new forest owners, the majority of 
who are farmers (81%) engaging in forestry for the first time (Duesberg 
et al., 2014; Upton et al., 2014; DAFM, 2020). These new owners have 
little knowledge or experience of farm forest management, in contrast to 
forest owners in countries with a longer tradition of farm forestry (Weiss 
et al., 2018) and considerable uncertainty surrounds both their in-
tentions and capacity to actively manage their forests (Upton et al., 
2017). 

While Ireland has the second lowest forest cover in the EU at 11.2% 
of land area (EUROSTAT, 2018), a significant investment in afforesta-
tion has been made through EU and national funding instruments with 
the explicit goal of developing the capacity for wood production, 
initially through State afforestation and subsequently through private 
afforestation incentives targeted at farmers (Neeson, 1991; DAFM, 
2014). While total forest cover is low, it has increased significantly from 
1.2% in 1928 and continues to grow, demonstrating the second highest 
growth rate in private planting in Europe since 1990 (UNECE/FAO, 
2020). Currently, 49.2% of the national forest estate is under private 
ownership, with over 74% of private forests established since 1980 with 
the support of state afforestation programmes (DAFM, 2020). However, 
despite financial incentives, recent years have seen afforestation rates 
plummet to the extent that only 2300 ha were planted in 2020 compared 
to an average of 11,000 ha in the previous 30 years. This is driven by a 
tenfold decrease in farmer planting since 2015 when it accounted for 
6400 ha or 95% of private planting (2009 to 2014 6 year average) 
compared to only 580 ha or 36% of private planting in 2019 (DAFM, 
2020). While trends in afforestation are multifactorial, the changing 
policy environment and equalisation of afforestation grants and sub-
sidies for farmers and non-farmers since 2014 has had a considerable 
impact. 

To avoid the forecast shortfall in domestic timber supply requires 
renewed afforestation levels in addition to active management of the 
plantation forests in the private estate (Duesberg and Ní Dhubháin, 
2019)). Given the profile of private planting in Ireland and the spike in 
afforestation in the mid-1990s (Fig. 1), the mobilisation of the private 

forest resource at or approaching first thinning stage is imperative. 
While private harvesting operations are increasing, the vast majority of 
roundwood supply for the processing sector currently derives from 
Coillte (the state forest company that manages the public forest estate). 
Furthermore, there is evidence that the required level of innovation in 
private management is not keeping pace with roundwood demand and a 
significant portion of thinning-ready private forests remain unthinned. 
The most recent National Forest Inventory (DAFM, 2017) highlights the 
lack of active management, categorising a quarter of Irish privately 
owned forests as un-thinned. While thinning may be imminent for some 
forests, and other forests may not have been thinned to date for a variety 
of reasons such as high windthrow risk, economic factors or alternative 
management objectives, there remains significant potential for more 
active management and increased thinning intensity. Private forests in 
Ireland are also highly productive and with a growing demand for 
roundwood (COFORD, 2015), the Irish forest sector has strong potential 
to increase roundwood supply (Phillips et al., 2016) should barriers to 
private forest harvesting be overcome (Ní Dhubháin et al., 2015). 
However, this not only challenges the management capacity of inexpe-
rienced forest owners but the collective capacity of the wider sector to 
innovate and address a range of overarching and interconnected envi-
ronmental, infrastructural and institutional constraints. 

Most Irish studies have focused on investigating individual factors 
constraining forest management and mobilisation, particularly the 
effectiveness of extension interventions in addressing deficiencies in 
forest owner knowledge and assessing their contribution to management 
capacity-building with a view to satisfying timber production goals (e.g. 
Maguire et al., 2010; Ní Dhubháin et al., 2010; Upton et al., 2017). The 
role of recently established forest owner groups in network-building and 
knowledge diffusion has also been investigated (Stoettner and Ní 
Dhubháin, 2017). Few sectoral studies or reports have sought to di-
agnose the overall performance of the sector and identify the range of 
constraints to mobilisation. Notable exceptions include a series of re-
ports from the COFORD1 Wood Mobilisation Group (COFORD, 2015; 
COFORD, 2018b) which purported to identify “most if not all of the 
issues affecting wood supply and demand on the island of Ireland”. 
While these reports provided the first in-depth study of mobilisation 
challenges in Ireland and proposed how they might be addressed by 
industry and state agencies alike, they did not investigate the underlying 
insitutional conditions and stakeholder relationships developed over 
time. 

Scientific papers and national reports on best practice in silvicultural 
management, and harvesting innovations are relatively abundant 
(Lawrence, 2018). Numerous papers develop technical solutions to in-
crease harvest recovery and improve harvest efficiencies (Eisenbies 
et al., 2009; Helmisaari et al., 2014). Studies of technical and infra-
structural solutions to wood mobilisation in the Irish forest sector have 
also been conducted (e.g. Devlin and McDonnell, 2008; Devlin and 
Klvač, 2014; Sosa et al., 2015; Rivera and Nieuwenhuis, 2018). While 
technical solutions are important, research must not only develop 
silvicultural technologies but must also reflect on how readily adoptable 
these technologies are on the ground and evaluate the actual contribu-
tion of adoption (Lawrence, 2018). Innovation in wood mobilisation 
thus needs the buy-in and interaction of a multitude of stakeholders 
across the public and private sectors including forest owners, managers, 
contractors, and roundwood buyers. 

Research on the social acceptability of established forest manage-
ment practices among wider forest sector stakeholders (Marsden et al., 

1 The COFORD forest council is a body appointed by the Minister for Agri-
culture, Food and the Marine to advise the Minister and his Department on 
issues related to the development of the forest sector in Ireland and includes a 
number of expert working groups set to tackle specific issues of strategic 
importance to the Irish forest sector. Its membership is appointed by the Min-
ister and comprises stakeholders from across the forestry sector 
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2003; Ribe, 2006; Edwards et al., 2012) is increasingly relevant to un-
derstand the potential for forest resource mobilisation. The growing 
demand for multifunctional forestry is associated with institutional 
innovation and new incentives for the delivery of public goods. This 
reflects a re-orientation away from traditional technical innovation in 
the sector, focused on wood production and wood supply chains (But-
toud et al., 2011). 

The literature on wood mobilisation in Ireland indicates that this is 
an unprecedented sectoral challenge not only for an emerging group of 
inexperienced private forest owners but for sectoral value chains in 
general and the wider sectoral institutions (COFORD, 2015; Ní 
Dhubháin et al., 2015) and is the subject of growing policy, industry and 
research focus (COFORD, 2015; IFFPA, 2018; Ní Dhubháin, 2015). 
Reflecting the multi-dimensional nature of the wood mobilisation 
challenge, the EU-funded pan European SIMWOOD project identified 
the most effective wood mobilisation solutions as those which take ac-
count of such inherent complexity through multifaceted approaches 
“developed and tailored to local social and political conditions as well as 
environmental and economic conditions” (Orazio et al., 2017, p.414). In 
line with this perspective and in comparison to previous studies, this 
paper takes a broader, systemic and holistic approach to studying wood 
mobilisation in Ireland. Thus rather than focusing on investigating in-
dividual technical or institutional solutions to forest management and 
mobilisation, this study conceptualises innovation in the Irish forest 
sector as a complex process taking place in a wider environment of 
multiple interacting actors and institutions (Rametsteiner et al., 2010). 
The goal of this study is thus to (a) determine whether the current Irish 
forest sector structures and institutions are appropriate to support the 
innovation necessary to respond to the wood mobilisation challenge and 
increase timber output sustainably, and (b) where deficiencies are 
detected, suggest how they can be improved. To address this goal, this 
study employs an innovation systems framework to diagnose the per-
formance of the forest sector through the structured analysis of in-
terviews with key sectoral stakeholders, from research and extension, 
through to commercial actors across the value chain, to government 
actors. 

The next section describes how innovation in the forest sector has 
previously been conceptualised. Building upon these foundations and 
drawing from the innovation studies literature, a broader systemic 
representation of innovation and a complementary analytic framework 
is proposed to study wood mobilisation in Ireland. The results section 
presents the interacting systemic innovation challenges (blocking 
mechanisms) identified through a structured ‘coupled structural-func-
tional’ analysis (Wieczorek and Hekkert, 2012) of stakeholder in-
terviews, along with supporting information from an analysis of 
academic and grey literature. The discussion and conclusion sections 
reflect on the performance of the innovation system, identifying 
knowledge gaps that require further attention and suggesting coherent 
recommendations for strengthening innovation capacity across the 
sector. 

2. Conceptualising the forest sector innovation system 

The systemic perspective on innovation has emerged over the last 
half century in the science and policy arena in response to the limitations 
of the simplistic `transfer of knowledge’ or ‘science push’ model. The 
science push model views innovation as the product of a linear process of 
technological knowledge, i.e., an invention, transferring from research 
through extension services to end users (Edquist, 2013). The broader 
systemic perspective on the other hand views innovation as a social 
process resulting from multiple interactions between components of the 
system, supply chains and economic systems, policy environments and 
societal systems (Klerkx et al., 2012). 

The recent COST Action project, FACESMAP (Forest Land Ownership 
Changes in Europe: Significance for Management and Policy) assessed 
the policy implications of changing forest ownership structures across 
Europe. FACESMAP identified the need for broader, more holistic and 
systemic approaches to guide the development of forest policy in-
struments and forest management approaches, in order to account for 
the growing diversity of perspectives on forest management across 
stakeholders and among new forest owner types. In particular, Weiss 
et al. (2016, p.16) propose the need for a systemic conceptual frame-
work to study the range of different sectoral knowledge services and 
how they interact together “in the way that AKIS looks at Agricultural 
Knowledge and Information (or Innovation) Systems in a holistic way”. 
Lawrence et al. (2020) develop this parallel conceptualisation by 
adopting the (AKIS) concept from the agriculture domain and proposing 
the term Forestry Knowledge and Information Systems (FOKIS) to un-
derstand innovation processes in the forest sector. This conceptualisa-
tion encapsulates both the knowledge system (a purposeful and 
interdependent group of sectoral actors) and a method for understand-
ing innovation processes through analysis and assessment of the various 
actors within the advisory system as well as their communication and 
interaction. Thus the (FOKIS) provides a framework for better under-
standing the role and performance of the forestry advisory system. 

The innovation systems (IS) literature goes further, recognising that 
innovation is the outcome of an interactive and co-evolutionary process 
(Smits and Kuhlmann, 2004) and emphasising that innovation is not just 
about new technologies but also about institutional change. Accord-
ingly, we propose an innovation system approach to study innovation 
processes and their role in supporting wood mobilisation, taking a broad 
frame of reference by analysing the roles of an extensive group of actors 
within the innovation system, not confined to formal and informal 
knowledge networks. This approach is particularly relevant to study the 
forest sector, which is commonly referred to as a ‘low-tech’ or ‘tradi-
tional’ sector, where formal R&D pathways are often not the key driver 
of innovation processes (Weiss et al., 2011). Instead, innovation in the 
forest sector may come through alternative pathways such as new 
markets and marketing approaches, new value chain structures, new 
combinations of production, etc. (Kubeczko et al., 2006; Nybakk et al., 
2015). 

While the definitions of innovation system (IS) and knowledge and 
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Fig. 1. Private and public planting in Ireland (1922–2019) (source: Forest Service statistics).  
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information system (KIS) presented here are similar and overlapping, 
they have been viewed in the agriculture domain as distinct, parallel 
literatures. In line with Klerkx et al.’s (2012, p. 463) observations on the 
evolution of systems approaches to agriculture innovation, the main 
difference between the innovation system (IS) conceptualisation of 
innovation proposed in this study and the (FOKIS) concept proposed in 
Lawrence et al. (2020), lies in the IS’s “greater and more explicit focus 
on the influence of institutions (seen as organisations like companies, 
public research institutes and governmental entities) and in-
frastructures”. The broader definition of the IS concept is more useful in 
the context of the wood mobilisation challenge where the role of mar-
kets, the private sector, and the wider enabling environment is crucial. 

In line with the literature on sectoral innovation systems (Lamp-
rinopoulou et al., 2014; Spielman and Birner, 2008), key actors in the 
sectoral innovation system are classified in this study according to the 
four broad categories of Arnold and Bell’s (2001) typology, namely: 
research, enterprise (value chain actors), influencing (influencing actors 
and institutions), and intermediary (bridging institutions) domains. 
Fig. 2 presents a simplified representation of a forest sector innovation 
system. While the categories are not mutually exclusive, the con-
ceptualisation provides guidance on the type of actors that are likely to 
be important to the functioning of the sector and act as a starting point to 
identify the organisations to interview within a defined system bound-
ary. The IS conceptualisation in Fig. 2 can be seen to draw a wider 
system boundary, including the contribution of wider sectoral in-
stitutions and value chain actors, beyond the scope of the FOKIS concept 
and its focus on knowledge networks (Lawrence et al., 2020; Klerkx 

et al., 2012). 
The research domain encompasses state-funded universities and 

research institutions, as well as private companies (with their own 
formal research and development functions). The enterprise or value 
chain domain on the other hand, includes all those value chain actors (e. 
g. input suppliers, forest owners, forest companies, wood processors, 
wholesalers and retailers) who typically use and produce tacit knowl-
edge as opposed to formal scientific (codified) knowledge. The inter-
mediary domain includes those bridging organisations that may not 
necessarily be involved in knowledge creation, but act as intermediaries 
connecting disparate actors to facilitate knowledge exchange and 
innovation flows. Bridging organisations include public extension ser-
vices, private forest consultancies, forest owners, representative bodies 
and industry working groups. The influencing domain refers to the 
group of socioeconomic institutions and infrastructural conditions that 
directly shape the innovation environment in the sector, including: 
public policies on innovation and forestry, informal institutions that 
establish the rules, norms, and cultural attributes of a society, and the 
behaviours, practices, and attitudes that condition the ways in which 
individuals and organisations within each domain act and interact. 
Beyond the borders of the system lie the external factors that indirectly 
influence forest innovation including: general policies on science and 
technology, the wider political system, other sectors of the economy, 
international actors, knowledge and best practice. 

Different approaches exist for analysing an innovation system ac-
cording to the focus of a particular study, whether spatial (national or 
regional) (Lundvall et al., 2002; Nelson, 1993), sectoral (Breschi and 

Fig. 2. Conceptual diagram of a forest sector innovation system (adapted from Arnold and Bell. (2001) “Components of a National Innovation System”).  

K. Kilcline et al.                                                                                                                                                                                                                                 



Forest Policy and Economics 128 (2021) 102461

5

Malerba, 1997; Malerba, 2004) or technological (Bergek et al., 2008; 
Hekkert et al., 2007). Sectoral innovation systems (Malerba, 2002, 
2004) have been commonly used as an analytical framework in which to 
view innovation within a specific sector of the economy (Edquist, 2013) 
and there have been previous applications to the study of timber-related 
innovations in the forest sector in Europe (Jarský, 2015; Kubeczko et al., 
2006; Rametsteiner and Weiss, 2006). The technological innovation 
system (TIS) perspective has also been applied to analyse the emergence 
and evolution of the Finnish wood-frame multi-storey construction 
sector (Lazarevic et al., 2019). 

In this study, we adopt the World Bank definition of a sectoral 
innovation system to study the forest sector in line with the con-
ceptualisation presented by (Hall et al. (2006, p. 14), i.e. the “network of 
organisations, enterprises, and individuals focused on bringing new 
products, new processes, and new forms of organisation into economic 
use, together with the institutions and policies that affect the way 
different agents interact, share, access, exchange and use knowledge”. 
From this perspective, co-innovation in a sector results from the inter-
action of the diverse set of actors who come together to co-develop 
knowledge, new business models and value chain structures, and drive 
technological developments and institutional reforms (Turner et al., 
2016). The structural composition and performance of an innovation 
system determines how well it supports the set of innovation system 
functions necessary to support collaboration and co-innovation (Bergek 
et al., 2008; Hekkert et al., 2007; Johnson, 2001). 

2.1. Analytical framework: A structural-functional analysis of the forest 
sector innovation system 

The structural performance of an innovation system is diagnosed by 
assessing the presence and quality of its structural elements, namely the 
presence and competency of its actors, the nature (presence and 
quality) of their interactions, the presence and quality of physical, 
financial and knowledge infrastructures, and the role (presence and 
quality) of institutions in influencing actors’ decisions and providing a 
supporting environment for collaboration (Klein Woolthuis et al., 2005). 
From this perspective the presence and quality of the structural aspects 
can be seen as determinants and drivers of system functioning (func-
tions) and performance. Despite the clear link between the structural 
and functional aspects of innovation systems, studies of sectoral inno-
vation performance tend to focus on one or the other. Most commonly, 
the focus is on the analysis of the structural problems in a sector (Klerkx 
et al., 2012), often using Klein Woolthuis et al.’s (2005) systemic 
problems or framework. This systemic framework has not been used to 
date to study the forest sector. Notwithstanding the focus of the systemic 
failures framework on diagnosing structural problems it can also be used 
to identify the relative structural merits or strengths of the system. 

In contrast, functional analysis approaches focus on identifying the 
functions of innovation systems as key motors of innovation perfor-
mance and resulting technical change. This functional approach has 
previously been applied in a number of studies of technological inno-
vation in the forest sector (Jarský, 2015; Kubeczko et al., 2006; 
Rametsteiner and Weiss, 2006; Lazarevic et al., 2019). There are 
numerous classifications of innovation system functions with Jarský 
(2015); Kubeczko et al. (2006); Rametsteiner and Weiss (2006) all 
adopting the typology proposed by Edquist and Johson (1997). On the 
other hand, Lazarevic et al. (2019) adopt the more recent typology of 
Hekkert et al. (2007) to assess innovation in wood-frame multi-storey 
construction in Finland. This study similarly adopts the Hekkert et al. 
(2007) typology of seven functions (F1 – F7). (F1) Entrepreneurial 
activities, (F2) Knowledge development, (F3) Knowledge diffusion, 
(F4) Guidance of the search, (F5) Market formation, (F6) Resource 
mobilisation, (F7) Creation of legitimacy/counteract resistance to 
change. The numbering of functions is used solely for clarity in the 
presentation and discussion of results, in order to identify the linking of 
system functions affected by various structural components in the 

integrated analysis. Most of the functions are self-explanatory except for 
(F4) Guidance of the search which refers to creating a vision for the 
innovation system that orientates other functions towards meeting 
agreed priorities for the sector. This is influenced by strong societal 
preferences or long term policy goals, which influence the acceptance of 
specific technologies or trajectories for achieving those goals. For a 
detailed discussion of the various functions see Hekkert et al. (2007). 

In order to diagnose the performance of the forest sector innovation 
system this study integrates both structural and functional streams of 
analysis by taking account of both the presence and quality of the 
structural elements and their impact on functions of innovation in line 
with the comprehensive ‘coupled structural-functional’ framework 
proposed by Wieczorek and Hekkert (2012). There have been a number 
of applications of this framework to other land use sectors, in particular 
agriculture (Kebebe et al., 2015; Lamprinopoulou et al., 2014; Turner 
et al., 2016) but also energy efficient construction (Kieft et al., 2017). To 
date, it has not been applied to a systemic analysis of the forest sector. As 
outlined in Kebebe et al. (2015), the Wieczorek and Hekkert (2012) 
structural-functional analysis framework brings together the alternative 
pre-existing frameworks, previously outlined, which emphasise 
different aspects of innovation systems (structure/systemic failures, 
functions) into a comprehensive analytical and diagnostic framework. 
This enables analysis of the effectiveness of the key functions that sup-
port co-innovation, according to Hekkert et al.’s (2007) typology, along 
with analysis of the presence and quality of the structural components, 
according to Klein Woolthuis et al.’s (2005) systemic problems frame-
work, required to make those functions effective. 

This coupled structural-functional analysis thus aims to go further 
than previous forest sector innovation system studies by linking systemic 
problems to particular functions. It also focuses on identifying the 
shared underlying issues that influence the performance of several 
interacting functions, and provides suggestions for systemic instruments 
that enhance the coordinated performance among these functions. This 
is achieved by identifying where certain combinations of systemic 
problems are linked to each other as a result of historical patterns of 
practice, prevailing culture, attitudes and rules which have developed 
over time (Turner et al., 2016). These so-called `blocking mechanisms’ 
are identifiable persistent mechanisms which are evident where several 
interacting systemic problems work together to negatively impact on 
system functions and co-innovation. This is in line with the con-
ceptualisation of blocking mechanisms proposed by Kieft et al. (2017) 
who argue that such an approach adds value especially for innovation 
systems that are mature and in transition. The Irish forest sector can be 
regarded as mature and faces the challenge of achieving sustainable 
forest management (SFM) (Upton et al., 2012) while increasing wood 
mobilisation, thus making an explicit analysis of problem interactions 
highly relevant. 

Mature systems are characterised as locked into certain technolog-
ical combinations and sector structures (Kieft et al., 2017). The Irish 
forest sector innovation system is considered a mature sectoral inno-
vation system locked into a developed management and supply system 
which has evolved over time in the historical context of a state owned 
monopoly roundwood supplier (Coillte) (Clinch, 2000). Technological 
and institutional lock-in is not necessarily problematic in itself and the 
incumbent system can be seen to have developed effective and efficient 
routines to deal with supply challenges from public forests. However, 
when a transition is desired as in the case of emerging private round-
wood supply from new non-industrial private forest owners (NIPF), the 
locked-in nature of the system can potentially inhibit change and 
become the source of problems itself if not remedied. In the Irish forest 
sector the emergence of private supply from over 23,000 new private 
forest owners brings a range of interconnected systemic challenges. 
Addressing these interacting ‘blocking mechanisms’ requires innovation 
across supply chains, institutional reform and new and enhanced forms 
of cooperation and collaboration. 
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3. Methodology 

In line with many diagnostic sectoral innovation studies (Jarský, 
2015; Kubeczko et al., 2006; Turner et al., 2016) this study takes a 
qualitative research approach based on interviews with key sectoral 
stakeholders, supported by a literature review and document analysis (i. 
e. key forest sector reports, sectoral policy and policy review docu-
ments). Face to face semi-structured interviews were undertaken with 
individual stakeholders to allow a degree of flexibility for the inter-
viewer to explore interesting insights in more detail and to allow the 
interviewee to talk about their personal experiences, topics of interest, 
etc. This corresponds with the aim of the interviews, which was to obtain 
an overview of the current status of the Irish forest sector as it is 
perceived by actors in the system and how it facilitates resource (wood) 
mobilisation (Turner et al., 2016). In line with the stepwise analysis 
approach proposed by Wieczorek and Hekkert (2012) and applied by 
Kieft et al. (2017) and Lamprinopoulou et al. (2014), interview structure 
and questions were designed to cover the various aspects of the ‘coupled 
structural-functional’ analytical framework previously outlined, 
namely: (i) identify the structure of the innovation system including 
important structural problems or merits in the sector (Annex A) and (ii) 
investigate how these structural aspects link to the functions/functional 
performance of the sector (Annex B). 

To create a picture of the structural elements of the system social 
network analysis (SNA) techniques are used to describe the relationships 
between stakeholders in the sector (Rickenbach, 2009). Interviewees 
were asked to describe their (or their organisation’s) roles and experi-
ences in the forest sector through an egocentric network mapping ex-
ercise. To facilitate the drawing of interviewees’ egocentric social 
networks, Net-Map, an interactive interview based social networking 
tool was used (Schiffer and Hauck, 2010). This tool has previously been 
applied to study the social networks (egocentric networks) of Irish pri-
vate forest owners participating in forest owner groups (Stoettner and Ní 
Dhubháin, 2017). Using Net-Map, interviewees were asked to draw a 
network of all the organisations in the forest sector with whom they 
were in contact or who influenced their interactions in the context of 
wood mobilisation. An interview guide was developed to direct discus-
sion to identify interviewees’ perspectives and experience of wood 
mobilisation. In particular the network mapping was enriched by asking 
interviewees to identify the various institutional and infrastructural 
barriers negatively influencing the interactions and thus constraining 
wood mobilisation, as well as identifying promoters of active manage-
ment, harvesting and windows of opportunity. Interviews were recorded 
and ranged in length from 50 min to 2 h and 20 min. Thematic analysis 
of the interviews was conducted (Merriam and Tisdell, 2015) to identify 
recurring themes and provide insights into the structure of the sector, 
the relative importance and impact (positive or negative) of structural 
factors on the seven innovation functions. 

Purposive sampling was used to identify an initial group of key 
stakeholders from across the sector and interviews were conducted in 
spring 2018. This purposive approach to sampling was chosen as it is an 
effective and reliable way to secure a purposive representation of 
stakeholder types from across the forest sector (Scott, 2011). In-
terviewees, acting as respondents, described their own networks and 
experiences, and as informants, described the broader picture of the 
sector and observations on the institutional environment. An initial 
group of 12 interviewees was selected based on their expert knowledge 
of a particular aspect of the wood value chain, and also on their ability to 
comment on the forest system more generally. An additional 15 in-
terviewees were selected through snowball sampling to capture a 
comprehensive representation of key stakeholders. In total, data were 
gathered from 27 forest stakeholders. 

Interviewees are classified in Table 1 according to the four actor 
domains described in Arnold and Bell’s (2001) typology namely: 
research, enterprise, influencing, and intermediary. These domains and 
indeed the general description of the roles of the 27 interviewees are not 

Table 1 
Description of the stakeholders interviewed by actor domain.  

Stakeholder 
group/Domain 

Stakeholder 
organisation 

Background of stakeholders and number 
interviewed 

Research Teagasc The national agriculture and food 
development authority providing 
advice, training and research on farm 
forestry and related matters  
(1)   

- Senior researcher in forest 
management 

University 
Research 

University engineering department (1)    

- Academic researcher on sustainable 
bio-based construction products, 
including engineered wood products 
and wood chain optimisation 

Private Research 
Consultancy 

Private research firm 
(2)   

- Directors of research company 
involved in research on forest 
management and timber harvesting. 

Enterprise Private 
landowners/ 
farmers 

Farm forest owners (3)    

- Farmer forest owners with experience 
of forest management from planting to 
harvest  

- Leading members of their local forest 
owner groups 

IForUT (Irish 
Forestry Unit 
Trust) 

Forest Investment Fund (1)    

- Senior executive at forestry fund  
- Largest private forest owner and 

supplier of roundwood to the timber 
processing sector 

Private roundwood 
Processor 

Private roundwood processor (3)    

- Manager of large roundwood 
processing plant  

- Director of smaller niche processor  
- Director of medium specialist 

processor 
Nursery Company Tree nursery (1)    

- Manager of large nursery company 
supplying planting stock to the 
national afforestation programme 

Forest Contactor Forest contracting company (1)    

- Director of private forestry 
contracting firm specialising in 
thinning and harvest operations 

Influencing Coillte/State 
Forestry Company 

The State forestry company (Coillte) (1)    

- Commercial Director in sales and 
marketing with experience of 
management and harvest operations 

Local Government Local Authority in area with high level 
of forest cover (1)    

- Senior Engineer with responsibility for 
road management 

Irish Farmers 
Association (IFA) 

Main organisation representing the 
interests of farmers/private forest 
owners at both National and European 
levels (1) 

(continued on next page) 
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mutually exclusive. Due to the multiple roles played by many actors and 
given that these roles evolve over time; actors can be classified as 
belonging to multiple domains (Lamprinopoulou et al., 2014). A notable 
example is Teagasc, the Irish Agriculture and Food Development Au-
thority, which is unique in Europe in that it constitutes a substantial 
component of the formal Knowledge System (KS) for both the agricul-
ture and forest sectors in Ireland, providing publicly funded research, 
education and extension services within a single organisation (Prager 
and Thomson, 2014) This is reflected in the description of interviewees 
in Table 1 and their categorisation based on their main role and area/ 
domain of contribution. The multiple roles that Teagasc covers is 
evident in Table 1, with three Teagasc interviewees contributing to the 
system across their distinct roles; education, extension and research. 

Qualitative analysis of these in-depth interviews was complemented 
with an analysis of policy documents and industry reports, enabling 
triangulation of interview responses to ensure validity. Again the ana-
lytic ‘coupled structural-functional’ framework (Wieczorek and 

Hekkert, 2012) was used to guide the document analysis to provide 
evidence on the structural and functional performance aspects of the 
sector. Relevant findings from this analysis which back up insights from 
the interviews are referenced throughout the results commentary and 
discussion. 

4. Results 

The results of the structural systemic problems analysis are presented 
in tabular form in Appendix A. This is a failures matrix which cross- 
tabulates the various categories of systemic problem against actor 
groups (domains), thereby identifying both the nature of structural 
problems (whether infrastructural, institutional, interaction or capabil-
ities), and the source of problems i.e. the relevant contributing actor 
group. This is in line with the presentation proposed by Klein Woolthuis 
et al. (2005) and applied in structural analyses of sectoral innovation 
systems such as Gildemacher et al. (2009). Structural observations 
represent either negative problems or positive merits which in them-
selves implicitly reflect interviewees’ judgements on the nature (direc-
tion) of how the structural factors impact innovation functioning. This 
highlights that it is the functions of the innovation system that make 
structures meaningful (and vice versa) and reiterate the need for a 
coupled structural-functional approach for comprehensive systemic 
analysis (Wieczorek and Hekkert, 2012). Appendix A is to be most 
usefully viewed as a checklist for thinking about the structure and 
boundaries of the sector and as a step to understanding how structural 
factors impact on system functions. 

The results of the integrated coupled structural-functional analysis 
are presented in Appendix B and make explicit the relationship between 
structural and functional observations. Structural problems impacting 
on the functioning of the Irish forest sector are identified and linked to 
the performance of innovation processes observed in the sector. Un-
derstanding the mechanisms by which the weaknesses in system func-
tions affect innovation is necessary for designing interventions that deal 
with the complexity of constraints. This analysis identifies the functions 
that are perceived as weak, as well as the systemic problems that are 
contributing to this weakness. While Appendix B provides the basis for 
the preceding commentary of results, the aim is not to provide a 
description of each individual structural failure and merit in the table 
and how each relate to system functioning. In order to clearly and 
concisely capture key narratives on innovation performance expressed 
by interviewees, we focus our commentary on three systemic blocking 
mechanisms which emerge from a synthesis of key findings in Appendix 
B. 

These blocking mechanisms relate to the underlying institutional 
setting which over time creates the conditions for groups of persistent, 
interacting structural problems which negatively impact on system 
functions and co-innovation. Blocking mechanisms identified in this 
study are characterised as arising from: (i) weak networks blocking ca-
pacity development of new forest owners (ii) infrastructural problems 
blocking the reach and effectiveness of ‘knowledge networks’ and (iii) 
rigid institutional structures and policy blocking co-innovation and 
sustainable transitions. 

4.1. Weak networks blocking capacity development of new forest owners 

New private forest owners are characterised by their limited expe-
rience and knowledge of forest management and poor connection with 
the network of forest sector actors, including other forest owners (Weiss 
et al., 2018). The creation of a positive environment to encourage the 
active management and participation of private forest owners is thus a 
major component of the wood mobilisation challenge in Ireland where 
the majority of private planting has happened since the introduction of 
support schemes in the 1980s (DAFM, 2020) (Fig. 1). Interviews with 
sectoral stakeholders identified negative impacts on network develop-
ment and management capacity development of forest owners caused by 

Table 1 (continued ) 

Stakeholder 
group/Domain 

Stakeholder 
organisation 

Background of stakeholders and number 
interviewed    

- Senior executive for forestry 
committee 

Enterprise Ireland Irish state economic development 
agency focused on helping Irish-owned 
business deliver new export sales (1)    

- Senior executive global markets 
timber, print and packaging at 
Enterprise Ireland 

Media Journalist (1) 
Specialist Forestry Communications 
Consultant 

Forest Service Authority responsible for regulating key 
forestry activities (e.g. afforestation, 
forest road constriction, thinning and 
felling/replanting) under the 2014 
Forestry Act (2) 
Forest service staff from the inspectorate 
and research functions 

Forest Industry 
Ireland (FII) 

Representative group for companies 
from across the forestry and timber 
supply chain (1)    

- Senior executive 
Intermediary Private consultant 

and extension 
Private consultancy involved in 
extension and coordinator of forest 
owner certification group (1)    

- Company director 
Private Forestry 
Companies 

Companies specialising in farm forestry 
management, planting, management 
and harvest operations (2)    

- Regional manager/timber sales 
manager of large private forest 
company.  

- Director of cooperative providing 
professional services to farm forest 
owners 

Teagasc The national agriculture and food 
development authority providing 
advice, training and research on farm 
forestry and related matters (2)    

- Extension agent  
- College forestry lecturer  
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weaknesses in the historic institutional settings and failure of estab-
lished sectoral actors to actively encourage the involvement of new 
owners in the initial forest establishment and early management phase. 
In this context, three interlinked systemic interaction or network prob-
lems are identified which relate to institutional deficiencies which un-
dermine the potential for capacity development among new forest 
owners. 

Firstly, deficiencies in the formal institutional set-up were identified 
in interviews with both forest owners and advisors, particularly in the 
structure and operation of afforestation supports. While both acknowl-
edged that supports are vital to encourage afforestation, the structure of 
the scheme and the growing complexity of administration (afforestation 
applications and other schemes, harvesting licences, etc.) deter owners 
from actively engaging in the initial planning, formative establishment 
and subsequent management of their forests. Instead these are seen as 
the responsibility of forest management companies and professional 
foresters. This removes agency from individuals, fostering disconnect 
between private owners, the management of their forests, and the 
market for their crops and thus hindering from the outset the functions 
of (F3) knowledge diffusion (F2) knowledge development and (F1) 
entrepreneurial activities. 

Secondly, the operation of the afforestation grant scheme leads to a 
`strong network’ problem, whereby the reliance of forest owners on 
management companies as a source of information effectively locks 
owners into a dominant relationship with forest companies to the 
exclusion of other actors. The ̀ strong network’ problem is seen to create 
an inward looking perspective, blocking innovative approaches and 
openness to new relationships and ideas (Klein Woolthuis et al., 2005). 
This in turn has reinforced the ̀ weak network’ problem, defined by poor 
connectivity among forest owners and with downstream processors and 
knowledge providers. Indeed, this missing “linkage between the grower 
and the market, which is contrary to a strategy for any productive 
sector” was highlighted in a strategic review of the sector (Malone, 
2008, p.14). This `weak network’ problem is defined as an interaction 
presence problem, whereby actors are not well-connected and the pro-
cess of co-learning and innovation is prevented because there is no 
“creative recombination of knowledge, technologies and practices and 
resources” (Klerkx et al., 2012, p.20). 

The third problem relates to the nature and quality of the in-
teractions between forest owners, the forest authority (Forest Service) 
and private forest companies. While forest owners identified these in-
teractions as an important source of essential funding for forest opera-
tions and management advice, they felt that the top-down nature of 
engagement and lack of constructive communication hinder the func-
tions of (F3) knowledge diffusion and (F2) knowledge development, but 
also from a longer term perspective, (F1) entrepreneurial activities and 
the capacity of owners to co-innovate. 

These three interlinked problems highlight the interventionist 
approach to forest policy and the top down nature of interaction with 
formal institutions focused on funding, compliance and inspection since 
the reorientation of state forest policy towards private afforestation in 
the 1980s (Fig. 1). This has promoted reliance among forest owners on 
intermediary service-providers (forest companies) to communicate on 
their behalf with the forest authority (Forest Service). 

Hard institutions constitute the formal institutional mechanisms 
including, laws, regulations, standards and strategies that guide actors 
and their interaction in the sector (Wieczorek and Hekkert, 2012). The 
‘hard institutional’ problems associated with deficiencies in the top 
down operation of afforestation schemes, compliance and regulation 
procedures has resulted in private owners who are typically inactive in 
the early management of their forests and who are passive receivers of 
expert advice, mainly through their forester or forest company whom 
they have mandated to establish the forest. Both forest owners and 
extension agents felt that this in turn feeds into the lack of forest culture 
among owners, whose initial planting decision may have been moti-
vated by financial incentives and who have little recognition of the 

strong market opportunities for their maturing crop and the return from 
investing in key management interventions such as thinning. 

Forest owners and owner representative groups also spoke of the 
negative impact of information and knowledge asymmetries and 
opposing objectives (selective thinning vs volume maximisation) be-
tween forest owners and forest industry actors conducting harvest op-
erations. They cited a small number of examples where some industry 
actors had taken advantage of owners’ lack of knowledge to perform 
poor work with perverse management outcomes. Whilst all interviewees 
felt that the level of general awareness, knowledge and management 
capacity of owners was gradually increasing as private forests matured, 
helping to make such exploitative practices increasingly rare, all felt that 
any such examples had fostered a lack of trust between owners and 
commercial actors in the value chain. 

‘Strong networks’ between incumbent players in the traditional 
timber market were also evident, particularly between the dominant 
roundwood supplier Coillte and the small number of large, efficient 
timber processors who buy the majority of roundwood. In general, the 
perception is of a myopic view of innovation among these incumbent 
stakeholders who are focused predominantly on process innovation in 
timber markets and roundwood supply chains. In this regard efficient 
harvest routines and chain of custody infrastructure for public forests 
have been developed over time to ensure efficient harvesting and 
compliance with certification standards and market requirements. In-
terviewees from the processing sector and some of those involved in a 
forest consultancy role recognised that the growing supply of uncertified 
roundwood from the private estate will soon challenge processors’ 
ability to achieve the 30% limit for controlled (uncertified) wood, 
required to comply with Forest Stewardship Council (FSC) Chain of 
Custody Certification (CoC) standards. Unless similar standards and 
certification processes can be developed at scale for the private estate, 
the 30% controlled wood threshold will be reached in the near future if 
the private supply of roundwood continues to grow. Notwithstanding 
the focus of the interviews on forest and supply chain management, 
there was little discussion on the challenge of managing the forest 
resource with regard to alternative non-market objectives, in particular 
in relation to the role of carbon sequestration in climate change 
mitigation. 

4.2. Infrastructural problems blocking the reach and effectiveness of 
knowledge networks 

Positive observations on network developments were made by in-
terviewees across the value chain who highlighted a growing awareness 
within the sector of the need to better engage new forest owners through 
collaborative fora and formal networks to promote management ca-
pacity development. Successful examples include the establishment of a 
network of forest owner groups in recent years with the support of 
Teagasc and more recently, the Department of Agriculture, Food and the 
Marine (DAFM), exchequer funded, peer-to-peer forest owner discussion 
group scheme, the forestry Knowledge Transfer Group (KTG) scheme, 
facilitated by professional foresters (COFORD, 2015). 

Recent exploratory research (Stoettner and Ní Dhubháin, 2017) 
highlights the positive contribution of forest owner groups to network- 
building and suggests that they are at least as effective in (F3) knowl-
edge diffusion and (F2) development and practice change as traditional 
means of public forestry extension. Inline with international studies of 
non-industrial private forest owner (NIPF) cooperation (Kittredge, 
2005) forest owners networks and cooperation in Ireland vary in their 
intensity, type of cooperation, and level of organisation. Interviews with 
the forest owners that participate in these groups along with the 
extension agents and private forest company employees who facilitate 
these groups, confirm that groups vary significantly in their structure, 
national spatial coverage and stage of development, from informal dis-
cussion groups to established businesses with their own management, 
marketing and processing capacity. Deficiencies in the knowledge 
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infrastructure are reflected in a low level of participation, with only 15% 
of forest owners currently registered as members of forest owner groups 
(Stoettner and Ní Dhubháin, 2017). The lack of national coverage and 
capacity of these groups undermines the potential for (F3) knowledge 
diffusion and (F2) development among forest owners. 

Interviews with contractors, management intermediaries, forest 
companies and extension agents indicate that there is also a considerable 
cohort of hard-to-reach ‘non-engagers’, i.e. forest owners who do not 
participate in formal knowledge networks and do not actively engage in 
forest management. These non-engagers reflect both `actor presence’ 
and `actor capabilities’ problems. Furthermore, by their nature it is 
difficult to identify these non-engagers and there remains a gap in our 
understanding of who these owners are, what their objectives are and 
what hinders their engagement with the forest innovation system. 

The problem of hard–to-reach owners is exacerbated by the need for 
increased competency and investment in monitoring and evaluation 
within the forest sector institutions, which is an additional and com-
pounding `actor capabilities’ problem. Development of theory-driven 
reflexive competencies and practices at all stages of extension, from 
intervention design to ex-post evaluation of outcomes and impact is thus 
required for better-targeted Knowledge Transfer interventions. This is 
reflected in the literature which calls for the need for complexity-aware 
evaluation of programmes that intervene in complex systems such as the 
forest sector (Douthwaite et al., 2003; Stame, 2004; van Mierlo et al., 
2010). In particular, impact evaluation provides a reflexive learning tool 
to enable the interrogation of impact pathways for traditional and group 
extension interventions. Accordingly, theory-driven evaluation tech-
niques enable extension to explicitly assess whether the target of an 
intervention is being reached, how the process of (F3) knowledge 
diffusion, (F4) development and longer term practice change occurs, and 
to reflect and learn to improve future interventions (Secco et al., 2019). 

4.3. Rigid institutions and policy blocking co-innovation and sustainable 
transition 

With a maturing private estate (Fig. 1), the forest sector has only 
recently switched its focus from private afforestation to the development 
of the private value chain and wood mobilisation. However, historic 
institutional challenges that arose in the 1980s can be seen to both 
parallel and in themselves contribute to the current private mobilisation 
challenge. During the 1980s, State forests planted from 1950 onward 
(Fig. 1) were approaching harvest age, necessitating a shift in policy and 
industry focus from state afforestation to the development of a value 
chain for State roundwood (Neeson, 1991). Based on the recommen-
dation of a review group of the forest sector (DFF, 1985) the state 
forestry board (Coillte) was established in 1988 with a remit to manage 
the public forest estate on a commercial basis. At that time it was advised 
that the sale of roundwood and wood products on a commercial basis 
could not be done within the institutions of the Civil Service due to a lack 
of commercial competencies (DFF, 1985). 

In a present-day parallel, interviewees across the value chain raised a 
systemic weakness and `hard institutional’ problem in relation to the 
current lack of commercial focus and capacity within the Forest Service 
in general. Farm forest owners and management company interviewees 
were critical of the process of engagement with government institutions, 
the Forest Service and other state consultative bodies involved in the 
assessment procedures for forest harvest licensing and road grant and 
access applications. Significant administrative delays in processing ap-
plications, an over-burdened forestry appeals process and the increasing 
cost of compliance to meet forest standards were seen as an important 
barrier to (F1) entrepreneurial activities, in particular, the harvesting 
and marketing of roundwood and, consequently, wood mobilisation. 
While the industry actors and large saw-millers in particular have much 
less direct interaction with government agencies, they were concerned 
about the impact of blockages in processing license applications on the 
supply of roundwood from private and state forests. They also voice 

frustrations with the Forest Service in relation to the development of 
practical systems of phytosanitary certification in the face of emerging 
market challenges and the UK’s decision to withdraw from the European 
Union (Winkel and Derks, 2016). 

Government agencies involved in appropriate assessment processes 
(DAFM, 2012) have a regulatory and inspectorate role in overseeing the 
application of increasingly stringent standards associated with sustain-
able forest management (SFM). With regulation and inspection as their 
primary function, these government agencies (Forest Service and 
consultative bodies) are sometimes viewed as a barrier to innovation 
rather than a promoter in the wood value chain. Among industry and 
forest owners, there is a perception that these agencies lack the com-
mercial competencies and understanding required to engage practically 
in the promotion of (F1) entrepreneurial activities. 

Forest Service (FS) inspector interviewees saw their role as ensuring 
compliance with forest standards rather than forestry promotion, advi-
sory or forest development. In this role they felt that they need to keep 
professional distance from private forest owners whose forests they are 
required to inspect for compliance with regulations. FS inspectors have 
little direct contact with forest owners but instead typically communi-
cate on management requirements through newsletters, intermediary 
management service providers, private consultants/foresters, and forest 
management companies. Direct communication between inspectors and 
forest owners only really happens at times of inspection and when 
sought by the forest owner. Forest service staff felt that the adminis-
trative backlog in approving felling license applications and afforesta-
tion applications was being exacerbated by insufficient resourcing 
(staffing numbers and staffing capacity) of consultative bodies involved 
in the appropriate assessment procedures for forestry applications. In-
spectors also felt that they were coming under pressure to make as-
sessments based on increasingly technical and complex compliance 
requirements, which in some cases are outside the scope of their com-
petencies and thus increasingly difficult to manage. 

On a positive note, industry interviewees highlighted the construc-
tive contribution of Enterprise Ireland (EI), the government-funded 
organisation responsible for the development and growth of Irish en-
terprises in world markets, in working successfully in partnership with 
industry to fund R&D projects and grow export sales in the UK, thus 
supporting (F1) entrepreneurial activities and (F5) market formation 
functions. In the face of the Brexit challenge, EI is positively viewed as a 
strategic support in defending market share for Irish wood exports and in 
identifying other new markets outside the UK. 

Interviewees in the enterprise domain highlighted barriers caused by 
the rigid nature of institutional structures and their inability to adapt to 
stakeholder feedback. This was particularly evident with blockages and 
administrative delays in appropriate assessment procedures for grant 
applications and licences for forest operations and delays caused by a 
backlog of appeals. Furthermore it was felt that national forest innova-
tion support policies are lacking and/or relatively uncoordinated, with 
interviewees highlighting examples where forest policy was found to be 
competing with other land use policies and agriculture in particular, e.g. 
where participation in afforestation and agri-environment schemes are 
mutually exclusive. While these can be categorised as `hard institu-
tional’ problems they also reflect institutional reflexivity and coordi-
nation problems, two forms of ‘transformational problem’ as defined by 
Weber and Rohracher (2012), which reflect on the overall functioning of 
a sectoral innovation system and its ability to adapt to support major 
transitional challenges. 

In the context of addressing the major societal challenges and in 
particular climate change, systems approaches to innovation in forest 
policy have a key role in strategically transitioning the forest sector 
towards more sustainable systems of innovation, production and con-
sumption (Weber and Rohracher, 2012). Shifting rationale for policy 
intervention in the Irish private forest sector is reflective of the growing 
importance of cross-sectoral sustainability challenges. Initially in-
centives for private afforestation were based on compensating forest 
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owners for the market failure associated with the long-time horizon 
before realising a market return, with a view to increasing forest cover 
on private lands and reducing import dependence on roundwood 
(Neeson, 1991). Over time the policy rationale for continued support of 
afforestation grants and premia supports has shifted beyond timber 
production to the delivery of ecosystem services, particularly towards 
carbon sequestration given Ireland’s national binding climate change 
targets (DAFM, 2014; Duffy et al., 2020). In this context it is informative 
that societal stakeholders such as interest groups, NGOs and charities 
were perceived by all interviewees as playing an increasingly important 
role in influencing the institutional setting and societal expectations for 
forest management through a number of functions: (F4) creation of 
legitimacy, (F6) resource mobilisation and (F7) guidance of the search. 

The analysis also suggests that `hard institutional’ and `interactions’ 
failures exist relating to deficiencies in the capacity of the formal in-
stitutions to engage directly with the range of stakeholders and to 
facilitate constructive communication among these societal stake-
holders and the wider community. This is negatively impacting on the 
ability of the sector to both come together to agree on a vision for 
innovation (F4 - guidance of search), and to continue to promote the 
positive economic and environmental contribution of the sector to rural 
agrarian communities with little tradition of farm forestry (F7 - creation 
of legitimacy). This feeds into `soft institutional’ problems reflected in 
the contested narrative of the contribution of the commercial forest 
sector between traditional sectoral stakeholders and those viewed as 
external societal stakeholders and interest groups with seemingly 
divergent values for forest management (Duesberg and Ní Dhubháin, 
2019). 

‘Soft institutions’ refer to the informal set of habits, routines, and 
shared values/culture built up over time and through repetition. 
Emerging societal stakeholders are increasingly influential in defining a 
social license to operate in forestry (Toppinen et al., 2016). This is 
consistent with the observations of Duesberg and Ní Dhubháin (2019) 
and Ní Dhubháin et al. (2009) who highlight that while state-owned, 
plantation forests in Ireland have been traditionally managed under a 
relatively intensive regime, this is negatively perceived by some societal 
groups, emerging forest sector stakeholders and coalitions who value 
other ecosystems goods and services such as recreation and environ-
mental services ahead of wood production. More recently, Duesberg 
and Ní Dhubháin (2019) showed that management disturbances such as 
large clearfell harvesting operations or extensive localised afforestation 
are likely to lead to growing social conflict, a more negative perception 
of forestry and to act as a barrier to intensification of management, 
harvesting and future timber mobilisation. 

5. Discussion 

5.1. Recent sectoral developments 

Since interviews were conducted for this study, two sectoral reports 
were commissioned by the Department of Agriculture Food and the 
Marine (DAFM) to address administrative delays in the forest licensing 
process, the MacKinnon (2019) and O’Hara (2021) reports. Both these 
sectoral reports identified similar institutional deficiencies constraining 
wood mobilisation to those identified in this study. 

The Mackinnon (2019) report is an external review of the Forest 
Service licensing system which provided a suite of recommendations to 
address some of barriers to afforestation and resource mobilisation. 
While the implementation of the report was committed to under the 
Programme for Government and some resources were directed towards 
addressing administrative deficiencies, progress has been limited and 
inhibited partly by wider geopolitical (Brexit) and public health (Covid- 
19 pandemic) considerations (O’Hara, 2021). The subsequent deep-
ening crisis in the licensing process for harvesting operations experi-
enced in 2020 “threatened the ongoing operation of the forestry sector 
as a whole” and led to the development of a second report aimed at 

progressing and guiding the implementation of the Mackinnon Report 
(O’Hara, 2021, p. 5). 

These reports acknowledge that prioritisation criteria for larger sites, 
aimed at “mitigating the most immediate threat to the processing sector” 
(O’Hara, 2021, p.5), discriminate against small private forest owners, 
extending the delay in processing their applications, at a time when 
supply is constrained and timber prices are high. This further promotes a 
negative institutional interaction for the very cohort of private owners 
who have the potential to plant more forests and increase roundwood 
supply but who are increasingly disaffected by administrative hold-ups. 

While recommendations for planning grants to address equity issues 
in environmental reporting for forest licences have been proposed 
(O’Hara, 2021), and would address administrative costs, the inclusion of 
forest owners in the design of institutional procedures is required. While 
future forest policies, initiatives and regulations must be developed in 
the context of emerging EU directives and strategies for land use, the 
design and operation of these national institutional frameworks should 
be conscious of the specific challenges and constraints faced by non- 
industrial private forest owners (NIPF) if new policies are to be effective 
in engaging them. 

Despite the role of government in commissioning these reports and 
the suggested actions, weaknesses in the structure of the formal insti-
tutional setting persist, which over time have contributed to blocking 
mechanisms. These systemic problems are a legacy of the interventionist 
top-down policy for private forestry in Ireland which commenced in the 
mid-1980s (Neeson, 1991). While formal institutions acknowledge the 
need to foster a culture of collaboration and networks within the sector 
(through incentives to support owner and discussion groups), in-
terviewees feel that the same culture of inclusiveness and co-learning 
does not appear to be evident in institutional communications with 
private small scale forest owners, value chain actors and new emerging 
societal stakeholders. Interviewees across actor domains also perceived 
that there has been a lack of leadership and capacity among formal in-
stitutions and traditional forestry stakeholders to meaningfully engage 
with emerging stakeholders and coalitions who value other ecosystem 
goods ahead of wood production. 

The diagnosis of systemic problems and blocking mechanisms in this 
study identifies how (functions) and why (systemic problem and un-
derlying causal mechanisms) the forest sector innovation system is not 
performing efficiently in some domains. It also points to areas where 
intervention is required and identifies knowledge gaps which require 
further investigation in order to improve system functioning. The sub-
sequent discussion addresses these findings by suggesting potential ac-
tions aimed at enhancing the coordinated performance of the IS. 

5.2. Addressing policy coordination and reflexivity 

The analysis of the forest innovation system highlights deficiencies in 
the capacity of the formal institutions to engage with stakeholders 
directly, to facilitate communication among stakeholders and the wider 
community and to be an inability to bring the sector together to agree on 
a vision for innovation. While a number of separate initiatives and 
projects targeted at improving specific aspects of system functioning 
were evident, the sector is not cohesive and is perceived to lack overall 
guidance and coordination. 

Many interviewees particularly those from the enterprise domain 
believe that national forest innovation support policies are lacking and/ 
or relatively uncoordinated, highlighting examples where forest policy 
was found to be in competition with other land use policies. Thus while 
forest policy documents claim to be well coordinated with other sectors 
and reflective of “society’s changing demands” (COFORD, 2018a, p.1; 
DAFM, 2014), feedback from interviewees suggests that effective coor-
dination of policies is lacking. Furthermore there is little recognition of 
innovation as a policy goal beyond traditional sectoral process and 
product innovation to “assist product development and forestry man-
agement” (DAFM, 2014, p46). 
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From this perspective, interviewees from the intermediary and en-
terprise domains highlighted the importance of organisations that fulfil 
an `innovation intermediary’ role (Teagasc, Enterprise Ireland and 
COFORD) who facilitate linkages between the users and producers of 
innovation. A number of interviewees across actor domains also pro-
posed the need for an independent overarching third-party organisation 
to facilitate the formation and maintenance of innovation networks and 
innovation systems perspectives across the sector. Such an organisation 
could fulfil the strategic sectoral role of `innovation intermediary’ by 
providing information to support potential collaborations, brokering 
transactions between parties, acting as a mediator for collaborating 
parties, helping to find advice, funding, support for collaborations, and 
collective priority setting, as suggested by Howells (2006). While there 
are examples of such organisations successfully operating dedicated 
innovation intermediary roles in the agriculture sector such as AHI 
(Animal Health Ireland) (Devitt et al., 2013) they are less evident in the 
forest sector in Ireland. 

The concept of a `Forest Council’ which would act as an innovation 
intermediary to “oversee policy implementation and as an overall co- 
ordination body for on-going policy development”, is not new (DAFM, 
2014, p.35). Previous reviews of forest sector policy (Bacon and Asso-
ciates, 2004; Malone, 2008, p.16) have highlighted the need for an 
overarching forest sector body “to generate a stronger forest culture, 
represent the totality of views in the sector”. Indeed a key recommen-
dation of the most recent forest sector policy and strategy `Forests, 
products and people - Ireland’s forest policy – a renewed vision’ (DAFM, 
2014) was the establishment of a Forest Council based on the COFORD 
Council’s model of collaboration with Department of Agriculture, Food 
and the Marine and the wider forest and timber sector. Developing this 
model of public/private partnership through a new sectoral interme-
diary could provide a collaborative platform for a reflexive policy pro-
cess “adaptive to changing circumstances“ (COFORD, 2018a, p.5). 

It is apparent from the analysis that significant reflexivity and co-
ordination problems exist in the policy setting institutions. These are 
two forms of transformational problems as defined by Weber and Roh-
racher (2012) which reflect on the overall functioning of a sectoral 
innovation system and its ability to achieve collective priority setting 
and adapt to support major transitional challenges. To address these 
challenges and take account of potentially competing or complementary 
policy drivers requires institutional innovation along with further 
research to develop practical policy evaluation tools. In particular, a 
multi-level policy perspective could be developed by extending the an-
alytic framework presented in this study to explicitly take account of 
how the objectives of multiple land-use policies impact system func-
tioning. This would be a particularly useful approach to facilitate the 
“shared national approach to forestry” strategy setting and policy 
formulation currently seen as lacking (O’Hara, 2021, p.15). Similar 
extended frameworks have been developed to address strategic, long- 
term needs of goal-oriented transformative change policy in agricul-
tural contexts (Lamprinopoulou et al., 2014; Turner et al., 2016). 

5.3. Suggestions for process innovation 

In contrast to other State institutions in the forest sector, there has 
been a significant advancement in commercial competencies within 
Coillte. Since its establishment in the 1980s, and in line with its com-
mercial remit, it has successfully developed forest management systems 
and business networks. Some foresters operating in the private sector 
suggest that deficiencies in the private supply chain infrastructures 
(infrastructural problems) could be addressed by adopting a number of 
Coillte’s harvesting, transport and sales systems. Such process innova-
tion in the private sector could provide improved efficiency, price 
transparency and manned loading points, thus contributing to resource 
mobilisation within the sector. In particular, Coillte’s timber sales sys-
tem is viewed as particularly effective and efficient, as Coillte has the 
scale and capacity to achieve industry agreement and to employ 

monitoring personnel at delivery points. In this context it was proposed 
by some interviewees that there is a policy rationale to leverage Coillte’s 
harvesting and marketing experience to develop some public service 
functions, such as the facilitation of a standard system for timber mea-
surement and removals and health and safety systems for the private 
sector. 

5.4. Suggestions for fostering network development 

Addressing structural weaknesses in forest sector knowledge infra-
structure requires continued investment in extension resources to 
facilitate the development of forest owner groups. Given the low levels 
of forest owner participation in owner groups and reliance on profes-
sional service providers, alternative mechanisms could be explored to 
increase private owner engagement and facilitate collective approaches 
to the growing need for certification of private forests. 

Participation in peer-to-peer forest owner discussion groups facili-
tated by professional foresters is currently financially incentivised 
through the forest knowledge transfer group scheme (KTG), similar to 
other agriculture sectors. However unlike Irish farming KTG schemes, 
forest owners are limited to one year of participation. Greater resources 
to allow continued participation in this scheme would contribute to 
stronger network development and the scheme goals of owner capacity 
development and ultimate wood mobilisation. An alternative potential 
mechanism to foster network development would be to make partici-
pation in a local owner group compulsory after the crop reaches a 
certain stage of maturity. A similar approach obliges owners to complete 
a forest management plan template when their crop reaches 12 years old 
or forego remaining subsidy payments. 

To improve the targeted delivery of extension services across the 
range of forest owners, extension providers need to invest resources to 
develop planning, monitoring and evaluation competencies. Improved 
competency in theory-driven planning, monitoring and evaluation 
techniques (Douthwaite et al., 2003) enables extension agents to better 
plan knowledge transfer interventions and to subsequently assess and 
address whether the target of an intervention is being reached and how 
the process of knowledge diffusion, development and longer term 
practice change or impact is being met. 

From a research perspective, the effectiveness of both traditional and 
group extension interventions can also be assessed through theory- 
driven evaluation. This would enable an assessment of the level to 
which extension interventions currently incorporate principles of co- 
innovation and collaboration at all stages and whether they 
adequately take account of the complexity of innovation processes 
within the forest sector innovation system (Douthwaite and Hoffecker, 
2017). 

Social network analysis (SNA) techniques can be used to further 
inform the stakeholder analysis performed in this study by identifying 
central and peripheral actors in the forest network. Taking a wider 
sectoral perspective to investigate the role of forest networks in decision 
making and resource mobilisation would add to the contribution of 
Stoettner and Ní Dhubháin (2017) which looked solely at networks 
among forest owners. While this study identified Teagasc forest devel-
opment officers as performing an `innovation intermediary’ role by 
facilitating interactions between forest owners and other sectoral actors 
with whom they are otherwise lacking access, SNA techniques allow 
measures of brokerage to be empirically analysed (Knoke and Yang, 
2008). The identification of intermediaries is important for long-term 
resource management planning as they bring together disconnected 
actors/actor groups, supporting co-innovation by bringing diversity and 
new ideas to the network (Prell et al., 2009; Wasserman and Faust, 
1994). 

6. Conclusions 

Within the past century, Ireland has witnessed a significant increase 
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in forest cover from just over 1% at the time of the formation of the Irish 
State, to the current level of 11.2% of land area. In this period the sector 
has achieved considerable success having evolved from a reliance on 
imported timber and state afforestation, to private largely farmer-led 
planting on agricultural land and the development of an efficient, 
export-oriented processing sector. 

The rapid nature of this development brings its own challenges and 
the sector is entering a new era as privately owned forests planted since 
the 1980s start to reach maturity and require active management. The 
owners owners of these forests have little experience of forest manage-
ment, thus uncertainty surrounds both their intentions and capacity to 
actively manage these forests. Other challenges lie within the value 
chain in which the state was historically the primary roundwood sup-
plier and which now has to adapt to accommodate a large number of 
diverse small-scale owners. While there has been a growing emphasis on 
developing knowledge and forest management capacity and many 
public and private sector institutions have developed a range of supports 
and structures for new forest owners (e.g. forest establishment and 
management contracting/consultancy, advisory, education and social 
networks, forest owner groups), there is now a growing challenge to 
harness and mobilise the private forest resource. Thus while there is 
strong potential to increase roundwood supply should barriers to private 
forest harvesting be overcome, this not only challenges the management 
capacity of inexperienced forest owners but the collective capacity of the 
wider sector to innovate and address a range of overarching and inter-
connected environmental, infrastructural and institutional constraints. 

This study provides insights to these wood mobilisation constraints 
through a systemic analysis of the combined structural and functional 
problems impacting the development of innovation across the Irish 
forest sector from ‘new’ forest owners to wood processors. In response to 
these innovation challenges this study suggests a number of recom-
mendations taking account of the inherent complexity in the system. The 
combined structural-functional approach taken here goes further than 
previous forest sector innovation system studies by linking systemic 
problems to particular functions. It also identifies the shared underlying 
issues that influence the performance of several interacting functions 
and provides suggestions for systemic instruments that enhance the 
coordinated performance among these functions. This is achieved by 
identifying where certain combinations of systemic problems, `blocking 
mechanisms’ are linked to each other as a result of historical patterns of 
practice, prevailing culture, attitudes, rules. This approach adds value 
for the Irish forest sector innovation systems as it transitions to a new 
stage in it’s development. 

The study shows that the Irish forest sector is at an important stage of 
development; the private forest estate is young, its owners are new to 
forest management, the private forest value chain is underdeveloped 
and the overarching innovation system is immature in terms of its ca-
pacity to support innovation across the sector. The results of the inno-
vation systems analysis identify the following interconnected systemic 
problems or `blocking mechanisms’ which have developed over time 
through persistent deficiencies in the formal institutional structures and 
policy framework, hindering co-innovation: (i) weak networks blocking 
capacity development of new forest owners; (ii) infrastructural problems 
blocking the reach and effectiveness of ‘knowledge networks’; and (iii) 
rigid institutional structures and policy blocking co-innovation and 
sustainable transitions. 

While multiple constraints to innovation at different levels are 

identified, interviewees recognised the need to work together to develop 
a well-functioning private wood value chain. While there appears to be a 
re-orientation of policy towards private resource mobilisation and a 
growing market orientation as private forests mature, this study iden-
tifies a number of research and policy gaps along with coordination and 
infrastructural deficiencies which require further investment to promote 
co-innovation in the sector:  

• Further investment in extension resources is required to facilitate the 
development of a national network of owner groups and continued 
funding for discussion/producer groups. 

• Investment in extension resources to develop monitoring and eval-
uation competencies to improve the design and delivery of targeted 
services across the range of forest owners.  
o In particular knowledge gaps should be addressed in relation to the 

profile of `non-engager’ forest owners and how they compare to 
those engaging with formal extension interventions.  

• Identification of sectoral `innovation intermediaries’ through SNA 
techniques is required to aid long term resource management 
planning.  

• Development of policy evaluation tools which can take account of 
potentially competing or complementary policy drivers. 

• Development of an independent overarching third-party organisa-
tion to facilitate the formation and maintenance of innovation net-
works and innovation system perspectives across the sector. 

To our knowledge this is the first application of the ‘coupled struc-
tural-functional’ framework (Wieczorek and Hekkert, 2012), to a wood 
value chain. While the innovation system analysis presented here fo-
cuses on the Irish forest sector, the nature of the innovation challenges 
facing the forest sector across many European member states are com-
parable. Thus both the analytical structure and the findings presented 
here are likley to be useful in different European contexts. 
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Categories of problems/ 
merits 

Research domain Enterprise domain Influencing domain Intermediary domain 

Actor capabilities (Key 
skills or competencies 
required to contribute to 
IS functioning)  

• Limited stakeholder 
interaction  

• Limited competencies in 
impact assessment/evaluation 
of research activities 

No tradition of farm forestry and 
management and associated lack of 
management and operational skills   

• Little experience and expertise in 
harvest operations within some forest 
companies  

• Limited impact assessment/ 
evaluation  

• Limited commercial 
competencies within State Forest 
Service  

• Limited knowledge of forestry 
among state consultative bodies 
involved in licensing  

• Teagasc – Cross sectoral and 
strong integrated 
organisational capacity  

• Limited competencies in 
impact assessment/ 
evaluation of extension & 
education initiatives 

Infrastructural problems 
(Requiring strategic 
investment)  

• Integrated public knowledge 
system combining research, 
education/training extension  

• Low staff numbers in some 
functions  

• IT and sales systems more developed 
for State roundwood supply channels  

• Insufficient training infrastructure 
and funding  

• Lack of investment in haulage 
infrastructure and poor uptake of 
technology grants, e.g. variable tyre 
inflation system  

• Small, fragmented, inaccessible 
private sites  

• Poor internal and public road 
network challenging resource 
mobilisation  

• Limited availability of funding for 
community-led rural develop-
ment projects (LEADER 
programme)  

• Low staff numbers and 
limited training facilities and 
infrastructure for forest 
operatives 

Interaction or network 
Problems   

- Weak Network 
Problems (Limited 
interaction between 
actors)  

• Limited direct interaction and 
collaboration with enterprise 
domain, industry and forest 
owners  

• Limited interaction of industry with 
primary producers and research 
domain  

• Limited geographic coverage of forest 
owner groups  

• Limited interaction and 
communication between State 
Forest Service and forest owners  

• Limited coordination between 
Forest Service at a national level 
and Local Planning Authorities at 
a local level  

• Extension service viewed by 
private owners as “honest 
brokers” effective in building 
and facilitating networks  

• Limited interaction of 
extension services with 
industry 

Interaction or network 
Problems   

- Strong Network 
Problems (dominant 
relationships hampering 
interaction with outside 
actors)  

• Dominant relationship with 
Forest Service as key funding 
body (Scope of research 
limited by need to win State 
research grants)  

• Historic industry focus on 
development of public (State) 
roundwood value chain and 
relationship with State forest 
company (Coillte) to the detriment of 
private roundwood value chain 
development  

• Lack of direct communication 
channels between forest owner 
and Forest Service who instead 
communicate through 
intermediary service providers  

Institutional Problems   

- Hard Institutional 
Problems (Formal rules 
and regulation)  

• Limited responsiveness of 
research resulting from 
funding mechanisms  

• Narrow focus on metrics of 
research quality  

• Limited responsiveness of owners 
resulting from structure of funding 
mechanisms, mandating of grant 
payments to forest companies  

• Complicated, expensive forest 
certification procedures for small- 
scale private owners  

• Strong emphasis on rigid 
inspectorate and administrative 
roles  

• Administrative blockages in 
approving felling licensing and 
forest road applications  

• Deficiencies in planning process 
for forest entrances and access to 
public roads  

Institutional Problems   

- Soft institutional 
Problems (informal 
rules of conduct and 
interaction)  

• Greater focus on research 
outputs and less on 
communication  

• Lack of forest culture among forest 
owners and rural communities  

• Forest owners perceived as passive 
receivers of expert management 
advice through professional forester 
or forest company whom they 
employ  

• Lack of acceptance and 
knowledge of commercial 
forestry among rural agricultural 
communities  

• Positive perception of 
extension agents as 
innovation intermediaries, 
facilitating knowledge 
translation in networks  

• Limited acceptance of 
forestry as viable alternative 
land use outside forestry 
specialist staff  

Appendix B. Systemic problems impacting functions of the Irish Forest Innovation System  

System function Structural 
element 

Description 

Entrepreneurial 
activities 

Actors  • Significant product and process innovation evident within an efficient, modern processing (sawmilling) industry since previous 
global economic downturn.  

• Limited evidence of entrepreneurial competency and activities among other key actors particularly among new forest owners  
• Lack of entrepreneurial capacities in research organisations, State Forest Service 

Interaction  • Limited examples of research interacting with industry to experiment in the development of new products or processes  
• Limited interaction of owners with downstream users to promote entrepreneurial activities 

Institutional  • Strong focus on entrepreneurial activities in State forest company (Coillte) in line with commercial remit  
• Limited examples of investment in partnership between publicly funded research and enterprise  
• Successful partnership between State body responsible for the development of Irish enterprises in world markets ̀ Enterprise Ireland’ 

and industry (R&D funding targeted at export development) 
Knowledge 

development 
Actors  • State Forest Service is not directly involved in knowledge development function  

• Missing actor through loss of research function within State owned forest company 
Interaction  • Lack of active communication and collaboration between enterprise actors to facilitate co-learning 
Institutional  • Linear metrics of research quality too rigid to foster collaboration 
Infrastructure  • Lack of funding for collaborative knowledge development in research projects  

• Weaknesses in the formal training system for forest operatives (progress evident – investment in harvest simulator and training) 

(continued on next page) 
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(continued ) 

System function Structural 
element 

Description 

Knowledge diffusion Actors  • Integrated Teagasc model combining research, extension and education  
• Teagasc extension agents viewed as having a key role as practical translators of technology  
• Limited experience and capacity of forest owners to engage with new practices  
• Little role for forest consultants and service intermediaries in knowledge diffusion (focus on traditional service provision with 

owners, KTG scheme an exception) 
Interaction  • Limited interaction between industry and research associated with supply push model of research delivery  

• Limited interaction between forest owners and downstream industry/processers  
• Significant cohort of `non-engaging’ forest owners who don’t participate in knowledge networks 

Institutional  • No role for State Forest Service in knowledge diffusion (limited to regulatory and inspectorate role)  
• Structure of research grants placing disproportionate focus on metrics of knowledge development to the detriment of diffusion 

Infrastructure  • Limited resources dedicated by industry to engaging with forest owners and wider public outreach 
Market formation   • Successful development of UK export markets for sawmilling products  

• Industry focus on development of traditional construction markets and less of development of novel value added markets (e.g. 
engineered wood products) 

Interaction  • Limited interaction of industry with research on novel products development 
Institutional  • Lack of strategy coherence among State and semi-State bodies to support new renewable markets  

• Positive supports for new international market development through Enterprise Ireland  
• Deficiencies in the certification process for private forests remain (progress has been made with pilot group certification initiative) 

Infrastructure  • Lack of resources and supports to establish alternative markets among small scale forest owners 
Guidance of search Actors  • Growing awareness among industry actors of the importance of communication activities aimed at shaping future trajectories for 

industry 
Interaction  • Formal Industry working groups active in creating forums of communication across value chains and informing policy and sectoral 

development  
• Poor communication between established industry actors and with emerging private sector, challenges collaborative priority-setting  
• Limited industry-research and co-ordination of innovation agendas and activities 

Institutional  • Top-down government policy important to the functioning of innovation, but their role is perceived as too focused on regulatory 
aspects instead of active engagement with enterprise 

Infrastructure  • Lack of funding and infrastructures to support communication, relationships and consensus-building across disparate actors 
Resource mobilisation   • Examples of successful collaboration between industry and training groups to win funding and tackle deficiencies in the training 

system 
Institutional  • Competition among industry for resources to support innovation agendas 
Infrastructure  • Poor physical road infrastructure undermining the access, harvest and transport of wood material from small fragmented private 

forests  
• Less developed private harvesting, transport and sales systems compared to State forest company (Coillte) 

Creation of legitimacy Actors  • Underdeveloped voice of private farm forest sector (beginning to emerge though shared narrative of positive local experiences of 
experimentation in management and collaborative arrangements) 

Interaction  • Little tradition of interaction and engagement between forest industry and rural communities (in comparison to agriculture) 
Institutional  • Competing priorities for the sector between industry and government  

• Negative perceptions of commercial forestry among portion of the rural community  
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Maguire, K., Ní Dhubháin, A., Farrelly, N., 2010. The suitability of the private forest 
estate in Ireland for thinning. Irish Forestry 67 (1&2), 21–37. 

Malerba, F., 2002. Sectoral systems of innovation and production. Res. Policy 31 (2), 
247–264. https://doi.org/10.1016/S0048-7333(01)00139-1. 

Malerba, F., 2004. Sectoral Systems of Innovation: Concepts, Issues and Analyses of Six 
Major Sectors in Europe. Cambridge University Press. 

Malone, J., 2008. Factors Affecting Afforestation in Ireland in Recent Years. Report 
commissioned by the Department of Agriculture and Food (DAF).  

Mantau, U., Saal, U., Prins, K., Steierer, F., Lindner, M., Verkerk, H., Asikainen, A., 2010. 
Real Potential for Changes in Growth and Use of EU Forests. EUwood, Hamburg. 
Methodology Report.  

Marsden, T., Milbourne, P., Kitchen, L., Bishop, K., 2003. Communities in nature: the 
construction and understanding of forest natures. Sociol. Rural. 43, 238–256. 
https://doi.org/10.1111/1467-9523.00243. 

Merriam, S.B., Tisdell, E.J., 2015. Qualitative Research: A Guide to Design and 
Implementation. John Wiley & Sons. 

Moffat, K., Lacey, J., Zhang, A., Leipold, S., 2016. The social licence to operate: a critical 
review. Forestry Int. J. Forest Res. 89 (5), 477–488. https://doi.org/10.1093/ 
forestry/cpv044. 

Neeson, E., 1991. A History of Irish Forestry. Lilliput Press Ltd. 
Nelson, R., 1993. National innovation systems: a comparative analysis. Oxford University 

Press. 
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